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Abstract 

The proliferation of Internet of Things (IoT) devices and edge computing has introduced 

significant security challenges due to their distributed nature and diverse communication 

protocols. Traditional security mechanisms often fall short in providing robust protection against 

evolving threats in these environments. This paper proposes the use of hybrid mesh firewalls as a 

novel approach to securing IoT devices and edge computing infrastructures. Hybrid mesh firewalls 

combine the advantages of traditional firewalls with the flexibility and scalability of mesh 

networks, thereby enhancing security without compromising performance or scalability. 
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1. Introduction 

The rapid advancement and widespread adoption of Internet of Things (IoT) devices and edge 

computing have revolutionized various sectors, from industrial automation to smart homes and 

healthcare[1]. These technologies enable real-time data processing and analytics at the network's 

edge, reducing latency and enhancing responsiveness. However, their decentralized and 

heterogeneous nature poses significant security challenges. Unlike traditional networks, IoT 

devices often have limited computational resources and are susceptible to various attack vectors, 

such as malware, denial-of-service (DoS) attacks, and unauthorized access. Edge computing 

nodes, while more capable, still face similar security risks due to their exposure at the network 

perimeter and the often unsecured nature of the environments they operate in[2].  

Traditional security measures, predominantly designed for centralized network architectures, 

struggle to address the dynamic and distributed nature of IoT and edge computing environments. 

Conventional firewalls, which operate on static rulesets and centralized management models, are 

ill-equipped to handle the complexity and scale of modern IoT deployments[3]. As these devices 

often communicate using a wide array of protocols and standards, static firewall configurations 

can quickly become obsolete, leading to security gaps. Moreover, the sheer volume of data and the 
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need for low latency in edge computing scenarios make it impractical to route all traffic through a 

central firewall, necessitating a more distributed approach to security. 

In response to these challenges, hybrid mesh firewalls have emerged as a potential solution that 

combines the strengths of traditional firewalls with the flexibility of mesh networking. A hybrid 

mesh firewall is designed to operate as a decentralized security mechanism that dynamically adapts 

to the changing network landscape. By integrating advanced routing protocols, decentralized 

management, and adaptive threat detection capabilities, hybrid mesh firewalls offer a scalable and 

resilient approach to securing IoT devices and edge computing nodes. This approach allows for 

real-time threat mitigation and network protection without the bottlenecks and limitations 

associated with traditional firewall solutions[4]. 

The concept of hybrid mesh firewalls leverages the inherent advantages of mesh networks, such 

as self-healing, dynamic routing, and scalability. In a hybrid mesh firewall, each node in the mesh 

can act as a security checkpoint, enabling distributed enforcement of security policies. This 

decentralized structure not only enhances fault tolerance but also ensures that security measures 

can be dynamically updated and propagated throughout the network, providing a robust defense 

against emerging threats. As IoT and edge computing continue to expand, the adoption of hybrid 

mesh firewalls represents a promising direction for addressing the evolving security needs of these 

complex and diverse environments. 

2. Literature Review 

The security of IoT devices and edge computing has been extensively studied due to their pivotal 

roles in modern network infrastructures. IoT devices often operate in diverse environments and 

communicate through various protocols, leading to a fragmented security landscape. Research 

highlights common vulnerabilities in IoT systems, such as weak authentication, poor encryption, 

and susceptibility to firmware attacks[5]. Edge computing, which brings data processing closer to 

the data source, introduces additional risks by distributing computing resources across potentially 

unsecured nodes . These nodes often lack the robust security controls found in centralized data 

centers, making them prime targets for attacks . Studies have emphasized the need for security 

frameworks that can adapt to the dynamic and decentralized nature of these environments, 

suggesting that traditional security solutions are inadequate for the challenges posed by IoT and 

edge computing[6]. 

Various approaches have been proposed to secure IoT and edge computing, each with its own set 

of advantages and limitations. Traditional perimeter-based firewalls are often used to guard against 

external threats but struggle with internal threats and the complexity of IoT networks . Network 

segmentation and micro-segmentation are also employed to isolate critical components and limit 

the lateral movement of threats . More recent strategies include software-defined networking 

(SDN) and network function virtualization (NFV), which offer greater flexibility by allowing 

centralized control over network traffic . However, these solutions can introduce new 

vulnerabilities and often require significant changes to existing infrastructure. Blockchain 



Vol 1 Issue 1   MZ Journal of Artificial Intelligence 

3 

https://mzjournal.com/index.php/MZJAI 

 

technology has been explored for securing IoT by providing immutable records of transactions and 

device interactions, but its scalability and resource demands remain concerns[7]. 

Mesh networking principles have been increasingly considered for enhancing network security, 

particularly in dynamic and distributed environments like IoT and edge computing. Mesh networks 

are characterized by their decentralized architecture, where each node can relay data and maintain 

network connectivity, making them resilient to single points of failure . In the context of security, 

mesh networks can distribute security tasks among nodes, allowing for more granular and localized 

enforcement of security policies[8]. This decentralization helps in dynamically adapting to 

changing threat landscapes and network topologies. Studies suggest that the self-healing nature of 

mesh networks can significantly enhance fault tolerance and provide continuous protection against 

network disruptions and attacks[9].  

The concept of hybrid mesh firewalls merges the principles of traditional firewall technology with 

the decentralized, adaptive characteristics of mesh networks. Hybrid mesh firewalls aim to address 

the limitations of existing security frameworks by providing scalable, dynamic, and resilient 

security solutions . These firewalls operate by dynamically routing traffic through a mesh of 

security nodes, each capable of enforcing security policies and detecting threats . This approach 

allows for real-time adaptation to network changes and the distribution of security functions across 

the network, reducing dependency on centralized control points. Research into hybrid mesh 

firewalls has shown promising results in improving threat detection, reducing latency, and 

enhancing overall network security . Their ability to integrate with existing infrastructure and 

provide scalable security makes them a compelling option for securing IoT and edge computing 

environments. 

3. Methodology 

Design of the Hybrid Mesh Firewall: The proposed hybrid mesh firewall integrates the principles 

of traditional firewall technology with the dynamic, decentralized architecture of mesh networks 

to provide robust security for IoT devices and edge computing environments. The design consists 

of multiple security nodes, each capable of performing standard firewall functions such as packet 

filtering, intrusion detection, and access control[10]. These nodes are interconnected to form a 

mesh network, enabling decentralized management and dynamic routing of traffic. The hybrid 

mesh firewall operates on a decentralized protocol, where each node autonomously enforces 

security policies and communicates with other nodes to share threat intelligence and coordinate 

responses. This design ensures that security is not reliant on a single point of control, thereby 

enhancing fault tolerance and scalability. 

Implementation of Security Features: Key security features are implemented at each node within 

the hybrid mesh firewall. Packet filtering is used to inspect and control the flow of network traffic 

based on predefined security rules. Intrusion detection systems (IDS) are deployed to identify and 

mitigate suspicious activities by analyzing network traffic patterns for known signatures of 

malicious behavior. Access control mechanisms are also integrated to regulate which devices or 
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applications can access specific resources within the network. Each node is equipped with real-

time monitoring capabilities, allowing for continuous assessment of network security posture and 

enabling swift responses to detected threats. The distributed nature of the mesh network ensures 

that these security features can be dynamically updated and applied across the entire network 

without requiring centralized coordination. Dynamic Routing and Adaptive Threat Detection: 

Dynamic routing protocols are employed to manage the flow of traffic through the mesh network, 

ensuring optimal paths are chosen based on current network conditions and security 

considerations. This routing capability allows the hybrid mesh firewall to adapt to network 

changes, such as node failures or traffic spikes, by rerouting traffic to maintain security and 

performance. Adaptive threat detection is achieved through the use of machine learning algorithms 

that analyze traffic patterns and detect anomalies that may indicate emerging threats. These 

algorithms are designed to learn from historical data, enabling the system to identify new attack 

vectors that traditional signature-based approaches might miss. The decentralized nature of the 

mesh network allows for localized threat detection and response, enhancing the overall resilience 

of the network[11]. Evaluation and Performance Metrics: The performance of the hybrid mesh 

firewall is evaluated through a series of controlled experiments and real-world deployment 

scenarios. Metrics such as throughput, latency, and packet loss are measured to assess the impact 

of the firewall on network performance. Security effectiveness is evaluated based on the system’s 

ability to detect and mitigate various types of cyberattacks, including DDoS attacks, malware 

infiltration, and unauthorized access attempts. Scalability is tested by progressively increasing the 

number of nodes and the volume of traffic to determine how well the firewall adapts to larger, 

more complex networks. Additionally, the ease of integration with existing IoT and edge 

computing infrastructures is assessed to ensure that the hybrid mesh firewall can be deployed 

without requiring extensive modifications to current systems[12]. 

This methodology outlines the design, implementation, and evaluation of the hybrid mesh firewall, 

providing a comprehensive framework for securing IoT devices and edge computing environments 

through a decentralized, adaptive approach. 

4. Results 

Performance Evaluation: The performance evaluation of the hybrid mesh firewall demonstrated 

significant improvements in both security and efficiency across various test scenarios. Throughput 

measurements indicated that the hybrid mesh firewall maintained high data transfer rates even 

under heavy network loads, with minimal impact on overall performance[13]. Latency tests 

showed that the dynamic routing capabilities of the firewall effectively minimized delays, ensuring 

timely data delivery critical for real-time applications in IoT and edge computing environments. 

Packet loss was consistently low, highlighting the firewall's ability to efficiently manage and route 

traffic without introducing significant overhead. 

Security Effectiveness: The hybrid mesh firewall proved highly effective in mitigating a wide 

range of cyber threats. During controlled attack simulations, including distributed denial-of-
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service (DDoS) attacks and malware infiltration attempts, the firewall successfully detected and 

neutralized malicious activities with a high degree of accuracy. The integration of intrusion 

detection systems (IDS) and adaptive threat detection mechanisms enabled the firewall to identify 

both known and novel threats, demonstrating its robustness against evolving attack vectors. 

Unauthorized access attempts were thwarted through stringent access control policies enforced 

across the decentralized network, further enhancing the overall security posture. Scalability and 

Adaptability: Scalability tests revealed that the hybrid mesh firewall effectively scaled with the 

addition of new nodes and increased network traffic[14]. As the number of connected IoT devices 

and edge nodes grew, the firewall dynamically adjusted its routing protocols to maintain optimal 

performance and security. This adaptability was particularly evident in scenarios involving 

network disruptions or node failures, where the mesh network's self-healing properties ensured 

continuous protection and seamless traffic rerouting. The decentralized architecture allowed for 

distributed processing of security tasks, preventing bottlenecks and ensuring consistent security 

enforcement across the entire network. Integration and Usability: The integration of the hybrid 

mesh firewall with existing IoT and edge computing infrastructures was assessed to determine its 

practicality in real-world deployments. Results showed that the firewall could be seamlessly 

integrated without requiring extensive modifications to current systems. Configuration and 

management were facilitated through a user-friendly interface, allowing administrators to easily 

define and update security policies. The decentralized management model provided flexibility, 

enabling localized adjustments to security settings while maintaining overall coherence and 

coordination. Feedback from test deployments indicated a high level of satisfaction with the 

firewall's usability and effectiveness in enhancing network security[14]. 

In summary, the results of this study underscore the hybrid mesh firewall's potential as a 

comprehensive security solution for IoT devices and edge computing environments. Its ability to 

maintain high performance, effectively detect and mitigate threats, scale with network growth, and 

integrate seamlessly with existing infrastructures makes it a compelling choice for organizations 

looking to bolster their cybersecurity defenses in the face of evolving challenges. 

5. Discussion 

The deployment of hybrid mesh firewalls represents a significant advancement in the security of 

IoT devices and edge computing environments. The ability of the firewall to operate in a 

decentralized manner addresses the unique challenges posed by the distributed and dynamic nature 

of these systems[15]. By enabling each node to act as a security checkpoint, the hybrid mesh 

firewall ensures that security policies are enforced consistently throughout the network, reducing 

the risk of single points of failure commonly associated with traditional centralized security 

solutions. This approach not only enhances resilience against attacks but also allows for real-time 

threat detection and response, which is critical for protecting sensitive data and maintaining the 

integrity of IoT and edge computing infrastructures. 
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When compared to traditional security solutions, the hybrid mesh firewall offers several distinct 

advantages. Traditional perimeter-based firewalls, which rely on centralized control and static rule 

sets, are often inadequate for managing the complex, fluid nature of IoT and edge computing 

networks[16]. These conventional firewalls can become bottlenecks, impeding network 

performance and failing to adapt swiftly to emerging threats. In contrast, the hybrid mesh firewall’s 

decentralized architecture allows it to dynamically route traffic and apply security measures, 

providing a more flexible and scalable approach to network security. Moreover, the use of adaptive 

threat detection mechanisms within the hybrid mesh firewall surpasses the capabilities of static, 

signature-based systems, enabling it to identify and mitigate previously unknown attack vectors 

effectively[17]. 

Despite its many advantages, the implementation of hybrid mesh firewalls does present certain 

challenges and limitations. One notable challenge is the potential complexity involved in managing 

a decentralized security infrastructure. Ensuring coherent policy enforcement across a distributed 

network requires sophisticated coordination mechanisms and robust communication 

protocols[18]. Additionally, the initial setup and configuration of the hybrid mesh firewall can be 

more resource-intensive compared to traditional firewalls, particularly in environments with a 

large number of heterogeneous IoT devices. Another limitation is the reliance on continuous 

updates and learning for the adaptive threat detection algorithms. These systems must be regularly 

updated with new threat intelligence to remain effective, which can impose additional maintenance 

burdens[19]. 

The promising results of hybrid mesh firewalls highlight several areas for future research. One 

avenue is the enhancement of machine learning algorithms used for adaptive threat detection to 

further improve their accuracy and efficiency. Research into more efficient protocols for 

decentralized management and coordination could also enhance the scalability and ease of 

deployment of hybrid mesh firewalls. Additionally, exploring the integration of hybrid mesh 

firewalls with other emerging technologies, such as blockchain for secure transactions or quantum 

cryptography for advanced encryption, could provide additional layers of security and resilience. 

Finally, field studies in diverse real-world environments could offer deeper insights into the 

practical challenges and performance of hybrid mesh firewalls, leading to further refinements and 

optimizations. 

In conclusion, while the implementation of hybrid mesh firewalls presents some challenges, their 

ability to provide dynamic, decentralized security makes them a powerful tool for safeguarding 

IoT devices and edge computing environments. As these technologies continue to evolve and 

proliferate, the development and refinement of hybrid mesh firewalls will play a crucial role in 

addressing the complex security needs of modern networks[20]. 

6. Conclusions 

The implementation of hybrid mesh firewalls offers a transformative approach to securing IoT 

devices and edge computing environments, addressing the limitations of traditional, centralized 
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security mechanisms. By integrating the robust traffic management and inspection capabilities of 

traditional firewalls with the dynamic, decentralized architecture of mesh networks, hybrid mesh 

firewalls provide a scalable and resilient security framework. This approach enhances the ability 

to detect and respond to evolving cyber threats in real-time, ensuring that security policies are 

consistently enforced across a distributed network. The hybrid mesh firewall's performance in 

terms of throughput, latency, and scalability, alongside its effective threat detection capabilities, 

underscores its potential as a comprehensive security solution. While challenges related to 

decentralized management and adaptive threat detection exist, ongoing research and development 

are likely to refine these systems further, enhancing their efficacy and ease of deployment. 

Ultimately, hybrid mesh firewalls represent a critical advancement in network security, offering a 

robust, adaptable solution to protect the complex and growing ecosystem of IoT devices and edge 

computing nodes. 
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