
Australian Journal of Machine Learning Research & Applications  
By Sydney Academics  222 
 

 
Australian Journal of Machine Learning Research & Applications  

Volume 3 Issue 2 
Semi Annual Edition | Jul - Dec, 2023 

This work is licensed under CC BY-NC-SA 4.0. 

Wireless Sensor Networks in Edge Computing: Exploring the 

integration of wireless sensor networks with edge computing 

architectures 

By Dr. Anna Wilson 

Associate Professor of Information Technology, Mälardalen University, Sweden 

 

Abstract 

Wireless Sensor Networks (WSNs) have emerged as a key technology for collecting data in 

various fields, including environmental monitoring, healthcare, and smart cities. However, 

traditional WSNs face challenges in handling the massive amounts of data generated and 

processing them in real-time. Edge computing, with its proximity to the data source, has the 

potential to address these challenges by offloading data processing tasks from the cloud to the 

edge of the network. This paper explores the integration of WSNs with edge computing 

architectures, focusing on the benefits, challenges, and potential applications of this 

integration. We discuss the architecture of WSNs in edge computing, the role of edge nodes, 

data processing techniques, and security considerations. Furthermore, we present case studies 

and real-world examples to illustrate the practical implementation of WSNs in edge 

computing. Finally, we provide insights into future research directions and potential 

advancements in this field. 
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1. Introduction 

Wireless Sensor Networks (WSNs) have become pervasive in various applications, including 

environmental monitoring, healthcare, and smart cities, due to their ability to collect data from 

remote and harsh environments. However, traditional WSNs face challenges such as limited 
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computational resources, low bandwidth, and energy constraints, which hinder their ability 

to process and transmit large amounts of data efficiently. 

Edge computing has emerged as a promising paradigm to address these challenges by 

bringing computation and data storage closer to the data source, thus reducing latency, 

bandwidth usage, and dependence on cloud resources. By integrating WSNs with edge 

computing architectures, it is possible to offload data processing tasks from the cloud to edge 

nodes, where data can be processed in real-time, enabling faster response times and more 

efficient resource utilization. 

This paper explores the integration of WSNs with edge computing architectures, focusing on 

the benefits, challenges, and potential applications of this integration. We begin by providing 

an overview of WSNs, highlighting their key characteristics and challenges. We then discuss 

the concept of edge computing and its benefits, followed by an exploration of the architecture 

of WSNs in edge computing. We also discuss the role of edge nodes, data processing 

techniques, and security considerations in this integrated framework. 

Furthermore, we present several applications of WSNs in edge computing, including 

environmental monitoring, healthcare, smart cities, and industrial IoT. Through case studies 

and real-world examples, we illustrate the practical implementation of WSNs in edge 

computing. Finally, we provide insights into future research directions and potential 

advancements in this field, highlighting the importance of WSNs in enabling edge computing 

to reach its full potential. 

 

2. Wireless Sensor Networks 

Wireless Sensor Networks (WSNs) consist of a large number of sensor nodes deployed in a 

specific area to monitor physical or environmental conditions, such as temperature, humidity, 

light, and motion. These sensor nodes are typically equipped with sensors, microcontrollers, 

and wireless communication interfaces, allowing them to collect and transmit data to a central 

base station or sink node. WSNs are widely used in various applications, including 

environmental monitoring, healthcare, agriculture, and industrial automation. 
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Despite their numerous applications, traditional WSNs face several challenges that limit their 

effectiveness. One major challenge is the limited computational resources of sensor nodes, 

which restricts the complexity of data processing tasks that can be performed locally. 

Additionally, WSNs often have low bandwidth and energy constraints, making it challenging 

to transmit large amounts of data over long distances. 

In the context of the Internet of Things (IoT), WSNs play a crucial role as they serve as the 

backbone for collecting real-time data from the physical world. By integrating WSNs with 

edge computing architectures, it is possible to enhance the capabilities of WSNs by offloading 

data processing tasks from the cloud to edge nodes. This integration enables faster response 

times, reduced bandwidth usage, and improved energy efficiency, making WSNs more 

suitable for real-time applications. 

The integration of WSNs with edge computing architectures opens up new possibilities for 

enhancing the capabilities of WSNs and enabling innovative applications in various domains. 

In the following sections, we will explore the architecture of WSNs in edge computing in more 

detail, focusing on the benefits and challenges of this integration. 

 

3. Edge Computing 

Edge computing is a distributed computing paradigm that brings computation and data 

storage closer to the data source, such as sensors or IoT devices, rather than relying on 

centralized cloud resources. By processing data at the edge of the network, edge computing 

reduces latency, bandwidth usage, and dependence on cloud resources, making it ideal for 

real-time applications that require low latency and high availability. 

One of the key benefits of edge computing is its ability to offload data processing tasks from 

the cloud to edge nodes, where data can be processed locally in real-time. This not only 

reduces the latency associated with sending data to the cloud for processing but also reduces 

the amount of data that needs to be transmitted over the network, leading to more efficient 

resource utilization. 

Edge computing architectures typically consist of three layers: the edge layer, the fog layer, 

and the cloud layer. The edge layer consists of edge devices, such as routers, switches, and 
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gateways, that are located close to the data source. The fog layer, also known as the edge 

cloud, consists of more powerful computing devices, such as servers and storage devices, that 

are located closer to the edge layer. The cloud layer consists of traditional cloud resources, 

such as data centers, that are located further away from the edge layer. 

By integrating WSNs with edge computing architectures, it is possible to enhance the 

capabilities of WSNs by offloading data processing tasks from the cloud to edge nodes. This 

enables faster response times, reduced bandwidth usage, and improved energy efficiency, 

making WSNs more suitable for real-time applications. 

 

4. Integration of WSNs with Edge Computing 

Architecture of WSNs in Edge Computing 

The integration of WSNs with edge computing architectures involves deploying edge nodes 

at the network edge, where they can process data from WSNs in real-time. These edge nodes 

act as intermediate processing points between the sensor nodes and the cloud, enabling data 

processing tasks to be offloaded from the cloud to the edge. 

The architecture of WSNs in edge computing typically consists of three layers: the sensor 

layer, the edge layer, and the cloud layer. The sensor layer comprises the sensor nodes that 

collect data from the environment. The edge layer consists of edge nodes that process and 

analyze the data collected by the sensor nodes. The cloud layer consists of cloud resources 

that provide additional processing and storage capabilities, if needed. 

Role of Edge Nodes 

Edge nodes play a crucial role in the integration of WSNs with edge computing architectures. 

These nodes are responsible for processing and analyzing the data collected by the sensor 

nodes in real-time. By performing data processing tasks at the edge, edge nodes reduce the 

latency associated with sending data to the cloud for processing, enabling faster response 

times and more efficient resource utilization. 

Data Processing Techniques 
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The integration of WSNs with edge computing opens up new possibilities for data processing 

techniques that can be applied at the edge. These techniques include real-time data analytics, 

machine learning, and AI algorithms that can be used to extract valuable insights from the 

data collected by the sensor nodes. By processing data at the edge, these techniques can be 

applied in real-time, enabling faster decision-making and more efficient resource utilization. 

Security Considerations 

Security is a critical concern in the integration of WSNs with edge computing architectures. 

Edge nodes must be secure against cyber-attacks and unauthorized access, as they are 

responsible for processing sensitive data collected by the sensor nodes. Security measures 

such as encryption, authentication, and access control should be implemented to ensure the 

integrity and confidentiality of data processed at the edge. 

 

5. Applications of WSNs in Edge Computing 

Environmental Monitoring 

One of the key applications of WSNs in edge computing is environmental monitoring. WSNs 

can be deployed in remote locations to collect data on temperature, humidity, air quality, and 

other environmental parameters. By integrating WSNs with edge computing architectures, it 

is possible to process and analyze this data in real-time, enabling early detection of 

environmental changes and timely decision-making. 

Healthcare 

WSNs are also used in healthcare applications, such as remote patient monitoring and medical 

asset tracking. By integrating WSNs with edge computing architectures, healthcare providers 

can monitor patients' health status in real-time and provide timely interventions when 

necessary. This integration also enables more efficient management of medical assets, such as 

equipment and supplies, by tracking their location and usage in real-time. 

Smart Cities 

In smart city applications, WSNs are used to collect data on various aspects of urban life, such 

as traffic congestion, air quality, and waste management. By integrating WSNs with edge 
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computing architectures, city planners can analyze this data in real-time to improve the 

efficiency of urban services and infrastructure. For example, traffic data collected by WSNs 

can be used to optimize traffic flow and reduce congestion in real-time. 

Industrial IoT 

In industrial IoT applications, WSNs are used to monitor and control industrial processes, 

such as manufacturing and logistics. By integrating WSNs with edge computing architectures, 

industrial operators can analyze sensor data in real-time to improve process efficiency and 

reduce downtime. For example, WSNs can be used to monitor equipment condition and 

predict maintenance needs, enabling proactive maintenance and minimizing costly 

downtime. 

 

6. Case Studies and Real-world Examples 

Smart Agriculture 

In smart agriculture, WSNs are used to monitor soil moisture, temperature, and other 

environmental factors to optimize crop production. By integrating WSNs with edge 

computing architectures, farmers can receive real-time data on crop conditions and make 

informed decisions about irrigation, fertilization, and pest control. For example, WSNs can be 

used to detect early signs of plant disease or nutrient deficiencies, enabling timely intervention 

to prevent crop loss. 

Structural Health Monitoring 

In structural health monitoring, WSNs are used to monitor the condition of buildings, bridges, 

and other infrastructure. By integrating WSNs with edge computing architectures, engineers 

can analyze sensor data in real-time to detect signs of structural damage or deterioration. For 

example, WSNs can be used to monitor the vibration of a bridge and detect any abnormal 

patterns that may indicate a potential failure. 

Traffic Management 

In traffic management, WSNs are used to monitor traffic flow, vehicle speed, and road 

conditions. By integrating WSNs with edge computing architectures, traffic managers can 
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analyze this data in real-time to optimize traffic flow and reduce congestion. For example, 

WSNs can be used to detect traffic accidents or road closures and reroute traffic to minimize 

delays. 

These case studies and real-world examples demonstrate the practical implementation of 

WSNs in edge computing and highlight the benefits of this integration in various applications. 

By leveraging the capabilities of WSNs and edge computing, organizations can improve 

efficiency, reduce costs, and enhance the quality of services in a wide range of domains. 

 

7. Future Directions and Challenges 

Advancements in WSNs 

Future advancements in WSNs are expected to focus on improving energy efficiency, 

scalability, and reliability. Researchers are exploring new communication protocols, energy 

harvesting techniques, and sensor technologies to enhance the capabilities of WSNs and make 

them more suitable for edge computing applications. Additionally, advancements in machine 

learning and AI algorithms are expected to enable more intelligent data processing at the 

edge, further improving the efficiency and effectiveness of WSNs. 

Scalability and Reliability 

Scalability and reliability are key challenges in the integration of WSNs with edge computing 

architectures. As the number of sensor nodes and edge nodes increases, managing the 

network becomes more complex, and ensuring reliable data transmission becomes more 

challenging. Future research efforts are focused on developing scalable and reliable 

networking protocols and algorithms that can handle the growing demands of edge 

computing applications. 

Energy Efficiency 

Energy efficiency is another critical challenge in WSNs, especially in the context of edge 

computing where sensor nodes are often powered by batteries or energy harvesting devices. 

Researchers are exploring new energy-efficient algorithms and techniques, such as duty 

cycling and data aggregation, to reduce the energy consumption of sensor nodes and prolong 

https://sydneyacademics.com/
https://sydneyacademics.com/index.php/ajmlra


Australian Journal of Machine Learning Research & Applications  
By Sydney Academics  229 
 

 
Australian Journal of Machine Learning Research & Applications  

Volume 3 Issue 2 
Semi Annual Edition | Jul - Dec, 2023 

This work is licensed under CC BY-NC-SA 4.0. 

their operational lifetime. Additionally, advancements in energy harvesting technologies, 

such as solar panels and kinetic energy harvesters, are expected to further improve the energy 

efficiency of WSNs. 

Security and Privacy 

Security and privacy are major concerns in the integration of WSNs with edge computing 

architectures. Sensor nodes are often deployed in remote and unattended environments, 

making them vulnerable to cyber-attacks and unauthorized access. Future research efforts are 

focused on developing robust security mechanisms, such as encryption, authentication, and 

access control, to protect data processed at the edge. Additionally, ensuring the privacy of 

sensitive data collected by WSNs is crucial, and researchers are exploring new privacy-

preserving techniques to address this challenge. 

 

8. Conclusion 

The integration of Wireless Sensor Networks (WSNs) with edge computing architectures 

offers numerous benefits, including reduced latency, improved bandwidth usage, and 

enhanced energy efficiency. By deploying edge nodes at the network edge, where they can 

process data from WSNs in real-time, organizations can leverage the capabilities of WSNs and 

edge computing to enable innovative applications in various domains. 

In this paper, we have explored the architecture of WSNs in edge computing, highlighting the 

role of edge nodes, data processing techniques, and security considerations. We have also 

discussed the applications of WSNs in edge computing, including environmental monitoring, 

healthcare, smart cities, and industrial IoT, and presented case studies and real-world 

examples to illustrate the practical implementation of WSNs in edge computing. 

Looking ahead, future research efforts should focus on addressing the challenges of 

scalability, reliability, energy efficiency, and security in the integration of WSNs with edge 

computing architectures. By developing new technologies and methodologies, we can unlock 

the full potential of WSNs in edge computing and pave the way for a more efficient and 

intelligent future. 
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