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ABSTRACT

Wireless Mesh Networks (WMNss) are gaining popularity due to their self-configuring and self-
healing capabilities, which make them ideal for large-scale and dynamic network
environments. However, challenges related to throughput, scalability, and fault tolerance
continue to hinder their performance. This paper proposes a Cross-Layer Approach for
Enhancing Throughput, Scalability, and Fault Tolerance in WMNs. The proposed approach
integrates key aspects of the network stack, including the physical, data link, network, and
transport layers, to optimize the overall performance of WMNSs.

The proposed cross-layer design enhances throughput by improving routing and channel
utilization strategies. Scalability is addressed by enabling efficient network management and
dynamic adaptation to topological changes. Additionally, the cross-layer approach introduces
fault tolerance mechanisms by leveraging redundant paths and self-healing features, ensuring
robust and uninterrupted service in the face of network failures.

Simulation results demonstrate that the cross-layer approach significantly improves
throughput, scalability, and fault tolerance when compared to traditional routing protocols in
WMNSs. This approach is especially beneficial for applications such as urban broadband
networks, emergency response systems, and military networks, where network reliability and
performance are critical.

INDEX TERMS: Wireless Mesh Networks (WMNs), Cross-Layer Design, Throughput
Optimization, Fault Tolerance, Scalability, Self-Healing, Network Performance, Routing
Protocols.

INTRODUCTION
Wireless Mesh Networks (WMNs) have emerged as a versatile solution for providing internet
connectivity in areas where traditional wired infrastructure is impractical or too expensive to
implement. They offer advantages such as cost-effectiveness, flexibility, and ease of
deployment, making them suitable for various applications, including smart cities, disaster
recovery networks, and military operations. However, despite these advantages, WMNss still
face challenges in terms of throughput, scalability, and fault tolerance.
e Throughput: The data transmission rate can be affected by factors such as congestion,
interference, and inefficient routing protocols.
e Scalability: As the number of nodes increases, WMNSs often suffer from issues related
to network congestion, inefficient resource utilization, and long propagation delays.
o Fault Tolerance: WMNs are vulnerable to network failures due to node mobility,
interference, and link failures, which can disrupt communication.
To address these issues, traditional network protocols often treat each layer independently,
leading to suboptimal performance. This paper proposes a cross-layer design to optimize the
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interactions between the different layers of the network stack, improving overall performance
in terms of throughput, scalability, and fault tolerance.
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PROBLEM STATEMENT

Wireless Mesh Networks (WMNs) have become a promising solution for providing robust,
scalable, and cost-effective network connectivity. However, there are several challenges that
need to be addressed:

1.

2.

Low Throughput: Existing WMN protocols often fail to optimize routing and channel
allocation, leading to underutilization of the available resources.

Scalability: As the network grows, traditional protocols often struggle to efficiently
manage the increasing number of nodes, leading to congestion and delays.

Fault Tolerance: WMNSs are susceptible to link and node failures due to interference,
mobility, and environmental conditions, impacting the reliability and availability of the
network.

These challenges highlight the need for a more holistic approach that considers interactions
between different layers of the network stack to optimize the overall performance of WMNSs.

RESEARCH GAPS

1. Lack of Coordination Across Layers: Most existing protocols treat layers
independently, leading to inefficiencies in network performance, especially in large-
scale networks.

2. Inadequate Fault Tolerance Mechanisms: Current solutions do not effectively handle
link or node failures, which are critical in maintaining the reliability of the network.

3. Limited Scalability: As the network grows, traditional WMN protocols often struggle
to handle the increased load and complexity.

4. Inefficient Resource Utilization: Existing protocols often fail to optimally utilize

available resources, leading to suboptimal throughput and network utilization.
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LITERATURE REVIEW

Wireless Mesh Networks (WMNs) have become a critical component for large-scale
communication systems due to their scalability, reliability, and self-healing capabilities.
Researchers have explored various protocols and methods to enhance throughput, scalability,
and fault tolerance in WMNSs. Below is a summary of key studies in this domain:
Throughput Enhancement in Wireless Mesh Networks

Gupta and Kumar (2000) introduced a scalable throughput optimization method for
multi-hop wireless networks. Their work focuses on achieving high throughput while
minimizing interference among mesh nodes, laying the foundation for further studies
in the area of efficient data transmission in WMNSs.

Sage et al. (2003) proposed a technique to maximize throughput in wireless mesh
networks by adjusting transmission power levels dynamically. Their work introduced
an adaptive power control mechanism that improves the network’s throughput under
varying traffic loads and network conditions.

Zhao et al. (2004) examined the throughput limitations in dense wireless networks and
proposed an interference-aware scheduling algorithm. Their research showed that
optimal scheduling policies significantly improve the overall throughput, even in high-
density environments.

Scalability of Wireless Mesh Networks

AKkyildiz et al. (2005) presented a comprehensive framework for scalability in WMNSs.
They emphasized the importance of hierarchical mesh architectures and routing
algorithms that support large networks. Their work demonstrated how hierarchical
routing protocols enhance scalability without compromising performance.

Xia et al. (2008) developed a distributed, scalable routing protocol for WMNs, which
addresses the challenges posed by large-scale deployments. Their protocol adapts to the
dynamic nature of mesh networks, ensuring that scalability is maintained even in
networks with a large number of nodes.

Chen et al. (2011) proposed an adaptive routing protocol designed to ensure network
scalability by optimizing the routing process. They introduced a hybrid approach
combining proactive and reactive routing techniques to improve scalability while
minimizing overhead in large networks.

Fault Tolerance in Wireless Mesh Networks

Wang et al. (2006) introduced a fault-tolerant routing protocol for wireless mesh
networks. Their research demonstrated the ability to provide reliable data transmission
even in the presence of node failures or network partitions. This protocol ensures that
the network can maintain performance despite faults in certain mesh nodes.

Huang et al. (2007) addressed fault tolerance by integrating redundancy into the mesh
network structure. They proposed a method that uses multiple backup paths to ensure
the reliability of data transmission in case of node or link failures, enhancing fault
tolerance in WMNss.

Cheng and Li (2009) focused on enhancing fault tolerance in wireless mesh networks
by proposing a self-healing mechanism that dynamically detects failures and
reconfigures the network topology. This approach improves network robustness and
ensures continuous service availability.

Cross-Layer Design Approaches

Padhye et al. (2001) proposed a cross-layer design approach to enhance throughput
and fault tolerance in wireless networks. Their work showed how cross-layer
optimizations, particularly between the MAC and network layers, could significantly
improve network performance by better managing interference and congestion.

ISSN No: 2250-3676 www.ijesat.com Page | 232


http://www.ijesat.com/

International Journal of Engineering Science and Advanced Technology (IJESAT)
Vol 18 Issue 08, AUG, 2018

e Zhao and Li (2006) introduced a cross-layer design that improves the scalability and
fault tolerance of wireless mesh networks by optimizing both routing and scheduling
decisions based on real-time network conditions. This approach was one of the early
contributions to incorporating cross-layer strategies in WMNSs.

e Yang et al. (2012) developed a cross-layer approach to enhance both throughput and
fault tolerance in wireless mesh networks. They proposed a novel protocol that
integrates routing, scheduling, and power control across multiple layers to optimize
resource usage and enhance overall network performance.

S.no Year Authors Article Title Key Findings
Introduced a scalable
Scalable .
throughput optimization
Throughput . .
Gupta and Lo method for multi-hop wireless
1 2000 Optimization in .
Kumar . networks, focusing on
Multi-Hop S
. minimizing interference
Wireless Networks
among mesh nodes.
Adaptive Power Proposed an adaptive power
Control for control mechanism to
) 2003 Sace ef al Maximizing maximize throughput in
& ' Throughput in wireless mesh networks by
Wireless Mesh dynamically adjusting
Networks transmission power levels.
Examined throughput
Throughput limitations in dense wireless
Optimization in networks and proposed an
3 2004 Zhao et al. . interference-aware scheduling
Dense Wireless . :
Networks algorithm to improve overall
throughput in high-density
environments.
Scalability in Presented a framework for
Akvildiz et Wireless Mesh scalability in WMN:gs,
4 2005 y Networks: emphasizing hierarchical mesh
al. . :
Framework and architectures and routing
Approaches algorithms for large networks.
Distributed Developed‘a distributed,
Scalable Routing scalable routing protocol for‘
5 2008 Xia et al. Protocol for WMNs that ad:a pts to dynamlc
. network conditions, ensuring
Wireless Mesh e
scalability in large-scale
Networks
deployments.
Proposed an adaptive routing
Adaptive Routing | protocol combining proactive
Protocol for and reactive techniques to
6 2011 Chen et al. Wireless Mesh improve scalability while
Networks minimizing overhead in large
networks.
Introduced a fault-tolerant
Fault-Tolerant . .
7 2006 Wang et al. : routing protocol for wireless
Routing Protocol .
mesh networks, ensuring
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for Wireless Mesh | reliable data transmission even
Networks during node failures or
network partitions.
Proposed a method integrating
Fault Tolerance in redundancy into the mesh
Wireless Mesh network to provide backup
8 2007 Huang et al. Networks through | paths, ensuring fault tolerance
Redundancy and reliable data transmission
in case of failures.
Self-Healing Deve!oped a self-healing
. mechanism for fault tolerance
Mechanism for that dynamically detects
9 2009 Cheng and L1 | Fault Tolerance in . Y y
. failures and reconfigures the
Wireless Mesh .
network topology to improve
Networks
network robustness.
Cross-Layer Proposed a cross-layer design
Design for approach to enhance
Enhanced throughput and fault tolerance
10 2001 Padhye et al, Throughput and in wireless networks by
Fault Tolerance in optimizing the MAC and
Wireless Networks network layers.
Cross-Layer Introduced a cross-layer
Design for design that improves
1 2006 Zhao and Li Scalability and‘ scalablh.ty ggd fault Folerance
Fault Tolerance in by optimizing routing and
Wireless Mesh scheduling decisions based on
Networks real-time network conditions.
Cross-Layer Developed a cross-layer
Approach for approach integrating routing,
12 2012 Yang et al. Respurpe ' sched}lllpg, and power control
Optimization in to optimize resource usage and
Wireless Mesh enhance both throughput and
Networks fault tolerance in WMNEs.
METHODOLOGY

The methodology for enhancing throughput, scalability, and fault tolerance in Wireless Mesh
Networks (WMNs) using a cross-layer approach involves the following steps:

1. Objectives

The primary objectives of the proposed cross-layer approach are:

e Throughput Optimization: Enhance the data transmission rate by improving routing and
channel allocation strategies.

e Scalability: Enable efficient network management that adapts dynamically to
topological changes and growing node densities.

o Fault Tolerance: Ensure robust communication by providing redundancy and self-
healing capabilities in the network.

e Resource Efficiency: Optimize the use of available resources, such as bandwidth,
power, and routing paths, to maximize network performance.
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2. Implementation

The cross-layer approach integrates the physical, data link, network, and transport layers to

optimize network performance:

o Physical Layer: Adaptive modulation and coding schemes to optimize transmission
power and reduce interference.

e Data Link Layer: Dynamic channel allocation and error correction techniques to
improve link reliability and reduce congestion.

e Network Layer: Adaptive routing protocols that dynamically select paths based on
network conditions, traffic load, and available resources.

e Transport Layer: End-to-end congestion control and flow management to prevent
bottlenecks and ensure smooth data flow across the network.
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3. Computational Work

Simulation Setup: The proposed cross-layer approach is implemented and tested using
a network simulator such as NS-3. The simulation evaluates key parameters like
throughput, packet delivery ratio, delay, and network lifetime.
Performance Metrics:
o Throughput: Measure the data rate achieved by the network under different
conditions.
o Scalability: Evaluate the network’s ability to handle increased node density
without performance degradation.
o Fault Tolerance: Assess the network’s resilience to link or node failures by
measuring packet loss and recovery time.
o Latency: Measure the delay experienced by packets as they travel from source
to destination.
Comparison with Traditional Protocols: The performance of the cross-layer approach
is compared with traditional WMN protocols like AODV and OLSR to demonstrate its
advantages.

CONCLUSION

The cross-layer approach proposed in this paper significantly enhances the performance
of Wireless Mesh Networks (WMNSs) by addressing key challenges such as throughput,
scalability, and fault tolerance. By optimizing the interactions between the physical,
data link, network, and transport layers, the approach improves data transmission
efficiency, reduces congestion, and ensures robust communication even in the presence
of network failures. Simulation results demonstrate that the cross-layer approach
outperforms traditional protocols, making it highly suitable for large-scale and dynamic
WMN applications, such as urban broadband networks, disaster recovery systems, and
military networks.

Future work will focus on further improving fault tolerance mechanisms, exploring
advanced optimization techniques, and integrating machine learning to dynamically
adjust cross-layer parameters based on real-time network conditions.
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