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ABSTRACT   
This research paper investigates sophisticated methods for augmenting confidentiality in multi-hop wireless networks 
via cross-layer optimization, emphasizing Physical Layer Security (PLS) and Secrecy Rate Optimization. PLS utilizes 
the distinctive properties of wireless channels, including noise and fading, to safeguard messages from eavesdroppers by 
optimizing the secrecy capacity. Secrecy Rate Optimization further improves this by maximizing the disparity between 
the channel capabilities of authorized users and eavesdroppers, hence assuring strong protection. The research utilizes 
NS-3 (Network Simulator 3) software to simulate real-world settings and assess the efficacy of the proposed 
methodologies. This methodology employs cross-layer design methodologies to dynamically modify essential 
characteristics such as power distribution, routing protocols, and encryption methods, thereby enhancing network 
security. The findings indicate that the integration of PLS with Secrecy Rate Optimization markedly improves secrecy, 
hence increasing the resilience of multi-hop wireless networks against eavesdropping and malicious attacks. This 
technology offers a scalable and secure foundation for wireless communication. 
 
Keywords: Cross-layer optimization, Physical Layer Security (PLS), Secrecy Rate Optimization, multi-hop wireless 
networks, eavesdropping protection, NS-3 simulation, secure wireless communication. 

 
 

I. INTRODUCTION 

In the modern world, where everything is becoming more interconnected, wireless communication networks 
are facing an increasing number of security difficulties [1]. This is especially true for multi-hop wireless 
networks, in which data travels via a number of intermediate nodes. A strong method that can protect sensitive 
information without compromising performance is required in order to accomplish the task of securing these 
networks against eavesdropping and other malicious actions [2]. Cross-layer optimization is a strong approach 
that has arisen in recent years.  
It enables various layers in the network protocol stack, such as the physical, MAC, and network layers, to 
interact with one another in a manner that improves both the security and performance of the network [3]. The 
objective of this research article is to improve the level of confidentiality in multi-hop wireless networks by 
means of cross-layer optimization. The two primary techniques that are utilized in this process are Physical 
Layer Security (PLS) and Secrecy Rate Optimization. For protecting messages from being snooped on by 
eavesdroppers, PLS takes advantage of the distinctive qualities of wireless channels, such as interference, 
fading, and noise [4].  
It is possible to further maximize the capacity for secrecy with Secrecy Rate Optimization, which guarantees a 
safe and effective flow of communication throughout the network [5]. As a result of the integration of these 
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methods, real-time dynamic adjustments may be made to power allocation, routing protocols, and encryption, 
which dramatically improves the network's resistance to attacks. This research makes use of the Network 
Simulator 3, often known as NS-3, in order to simulate various network scenarios and assess the efficiency of 
the cross-layer optimization strategies that have been suggested. This research intends to create a scalable and 
secure solution for wireless communication in multi-hop networks by merging PLS with Secrecy Rate 
Optimization inside a cross-layer framework. This will allow for the transfer of wireless signals [6]. 

II. RELATED WORK 

Given the rising reliance on wireless communication and the increased hazards of cyberattacks and 
eavesdropping, research on improving secrecy in multi-hop wireless networks has received a lot of interest [7]. 
Early research in this field mostly concentrated on using conventional encryption techniques to safeguard 
private data, but these approaches were unable to adequately handle the unique problems brought on by multi-
hop wireless networks' dynamic nature. Because of this, scientists started looking at Physical Layer Security 
(PLS) as a better method of communication security. PLS improves security by preventing eavesdroppers from 
precisely receiving the broadcast signals by taking advantage of the special characteristics of wireless channels, 
such as fading, noise, and interference [8]. 
Research conducted not too long ago has demonstrated that the combination of PLS and Secrecy Rate 
Optimization can further improve the security of a network. research have shown, for instance, that by 
maximizing the difference between the channel capacity of the legal users and the eavesdroppers, it is possible 
to significantly raise the secrecy rate and strengthen the network's resistance against attempts to eavesdrop on 
what is being transmitted across the network [9]. Cross-layer optimization, which enables dynamic parameter 
adjustments and communication between different network levels, is one method that can be utilized to 
effectively implement these security measures. By ensuring that security procedures are smoothly integrated 
across the physical, MAC, and network layers, this technique improves both the throughput and the 
confidentiality of real-time activities through its implementation [10]. 
In order to evaluate these methods, a number of simulation tools have been utilized. Among these tools, NS-3 
(Network Simulator 3) has emerged as the most effective platform for testing and validating security protocols 
in multi-hop wireless networks [11]. Researchers are able to simulate complex network configurations using 
NS-3, which allows them to evaluate the effectiveness of cross-layer optimization tactics in enhancing 
confidentiality. Previous research has centered on power allocation, relay selection, and routing protocol 
optimization within this framework; however, further inquiry is required to refine these strategies and evaluate 
their efficacy in larger-scale, more dynamic environments. This research expands on previous research by 
leveraging NS-3 to combine PLS and Secrecy Rate Optimization into a cross-layer optimization model for 
improved network security [12]. This model results in improved network surveillance 

III. RESEARCH METHODOLOGY 

This paper employs a comprehensive simulation-based methodology to increase security performance through 
Physical Layer Security (PLS) and Secrecy Rate Optimization. The methodology is designed to assess the 
efficacy of these techniques using the NS-3 (Network Simulator 3) platform, which facilitates realistic 
simulations of wireless network settings. The subsequent sections delineate the essential elements of the 
methodology, encompassing system modeling, simulation configuration, performance measurements, and 
outcomes analysis [13]. 

 
Figure1.Shows the technical complexity in Enhancing Secrecy using cross-layer optimization 

Simulation Evaluation

Performance Evaluation

NS-3 Simulation Setup
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A. System Modelling 
 
The initial phase of the research technique entails simulating the multi-hop wireless network. This network 

comprises various nodes, including a source, destination, relays, and possible eavesdroppers. Each node 
engages in wireless communication via a shared media, with data transmitted across many hops from the source 
to the destination. The physical layer is defined by factors including signal-to-noise ratio (SNR), interference, 
and fading, which are crucial for assessing the network's secrecy capacity [14]. The cross-layer design facilitates 
communication among the physical, MAC, and network layers. The physical layer is tasked with implementing 
PLS measures, including jamming and power allocation, to obfuscate eavesdroppers. The MAC layer is 
designed for network access and node coordination, whereas the network layer emphasizes routing protocols 
and relay selection to improve security [15]. 

 
B. Physical Layer Security (PLS) Techniques 
 
In this research, PLS is crucial in safeguarding the network. PLS approaches utilize the intrinsic characteristics of 

wireless channels, including noise, fading, and interference, to safeguard transmitted signals from 
eavesdropping [16]. The principal methodologies utilized in the research encompass: 

Artificial Noise Injection: Artificial noise is introduced into the communication channel to impair signal quality for 
eavesdroppers while preserving the integrity for legitimate users. Beamforming: Beamforming focuses the 
signal on the intended recipient, reducing signal leakage to potential eavesdroppers. Controlled jamming is 
employed to obstruct eavesdroppers from deciphering sent signals while enabling genuine users to sustain 
communication. These strategies are adaptively modified according to real-time channel conditions, enhancing 
the network's secrecy capacity. 

 
C. Secrecy Rate Optimization 
 
Secrecy Rate Optimization is utilized to enhance the disparity between the channel capacity of the legitimate user 

and that of the eavesdropper. This is accomplished by optimizing parameters like transmission power, relay 
selection, and routing protocols. The optimization problem is structured as a maximization problem with the 
secrecy rate as the objective function [17]. The limitations encompass power restrictions, channel conditions, 
and the number of hops from the source to the destination. 

 
The secrecy rate Cs is defined as: 
Cs = max (0, Cb - Ce) 
Where: 
𝐶𝑏 denotes the channel capacity of the legal user (Bob) 
 𝐶𝑒 represents the channel capacity of the eavesdropper (Eve). 
The objective is to optimize the network parameters to maximize Cs while guaranteeing efficient and secure 

communication over the multi-hop wireless network. 
 
D.NS-3 Simulation Setup 
 
The NS-3 network simulator is employed to model multi-hop wireless networks and simulate cross-layer 

optimization approaches [18]. NS-3 offers a platform for the implementation of the network stack, facilitating 
the simulation of physical, MAC, and network layers. The simulation configuration comprises: 

Network Architecture: A multi-hop wireless network is constructed using diverse quantities of nodes, relays, and 
eavesdroppers. 

Traffic Model: Constant Bit Rate (CBR) traffic is produced to replicate the data transmission between the source 
and destination. 

Channel Model: The wireless channels are represented under realistic conditions, encompassing fading, route loss, 
and interference. 

Performance Indicators: Essential criteria such secrecy capacity, outage probability, energy efficiency, and delay 
are evaluated. 

 
E. Performance Evaluation 
 
The efficacy of the suggested methodology is assessed utilizing various performance metrics: 
Secrecy Capacity: The principal metric for assessing security, determined by the disparity between the legitimate 

user's channel capacity and that of the eavesdropper. 
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Outage Probability: The likelihood that the secrecy rate diminishes beneath a set level. 
Energy Efficiency: The quantity of secure information conveyed per unit of energy expended. 
End-to-End Delay: The cumulative duration required for data to traverse from the source to the destination, 

encompassing both processing and transmission delays. 
 
F. Simulation Evaluation 
 
Following the conclusion of the simulation, the outcomes are analyzed in order to determine whether or not the 

cross-layer optimization strategies are successful in enhancing the level of confidentiality [19]. PLS and Secrecy 
Rate Optimization are examined for their effectiveness in a variety of network configurations, which include 
varying numbers of eavesdroppers, relays, and transmission power levels. The impact that a number of different 
routing protocols and relay selection techniques have on the capacity for secrecy and the efficiency of energy 
consumption is evaluated [20]. 

 
IV.  RESULTS AND DISCUSSION 

 
According to the conclusions of the research conducted on the utilization of cross-layer optimization to enhance 
confidentiality in multi-hop wireless networks, Table 1 demonstrates significant progress made in the field of 
secure communication. When compared to conventional security methods, the capacity for maintaining 
confidentiality increased by around 35 percent when Physical Layer Security (PLS) techniques such as 
controlled jamming, artificial noise injection, and beamforming were utilized.  
 
Secrecy Rate Optimization greatly enhanced network performance and guaranteed secure and dependable data 
transport even in the presence of eavesdroppers. It also reduced the risk of an outage by twenty-five percent, 
which was a major improvement. Simulations conducted with NS-3 (Network Simulator 3) shown that the 
selection of relays and the distribution of power in an appropriate manner led to a 20% increase in energy 
efficiency, which enabled secure communication while consuming a minimal amount of energy. 
 
Table1.Depicts performance in enhancing secrecy using cross-layer optimization 

Metrics 
Value
s 

Discussion 

Secrecy Capacity 
Improvement 

35% 
Secrecy capacity increased significantly due to PLS and cross-layer 
optimization. 

Outage Probability 
Reduction 

25% Outage probability reduced, ensuring secure data transmission. 

Energy Efficiency 
Improvement 

20% 
Improved energy efficiency with optimal power allocation and relay 
selection. 

End-to-End Delay Reduction 15% Reduced delays improve overall network communication efficiency. 

 
As an additional benefit, cross-layer optimization reduced the end-to-end latency by fifteen percent, which 
resulted in an increase in the overall communication efficiency of the network. Additionally, the analysis proved 
that the capability for secrecy was maintained in networks that contained a large number of eavesdroppers, 
which demonstrates the practicability of this technique. PLS and Secrecy Rate Optimization collaborated to 
develop a system that was both scalable and efficient. This approach guaranteed the confidentiality of data 
transmitted via multi-hop wireless networks, which resulted in better security and performance. In conclusion, 
the table presented the pertinent metrics, values, and debates that were derived from the findings of the 
investigation into the enhancement of secrecy through the utilization of cross-layer optimization in multi-hop 
wireless networks. The enhancements in key metrics that have been achieved by cross-layer optimization in 
multi-hop wireless networks are displayed in Figure 1. Secrecy capacity, outage likelihood, energy efficiency, 
and end-to-end latency are some of the parameters that are taken into consideration. 
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Figure2.Shows the performance comparison using NS-3 

Table 2 compares Traditional Encryption, Physical Layer Security (PLS), and Secrecy Rate Optimization based 
on their ability to improve Wireless Sensor Network (WSN) metrics like Secrecy Capacity, Outage Probability 
Reduction, Energy Efficiency, and End-to-End Delay Reduction. Traditional encryption improves by 15% in 
secrecy capacity, 10% in outage probability, 10% in energy efficiency, and 5% in end-to-end delay. These 
modest increases show that typical encryption methods provide basic security but cannot meet WSNs' dynamic 
nature and resource restrictions. With 35% higher secrecy capacity, 25% less outage likelihood, 20% more 
energy efficiency, and 15% less end-to-end delays, PLS is more robust. PLS optimizes power consumption, 
communication latency, and data security by utilizing wireless channel physical properties. Secrecy Rate 
Optimization beats PLS and classical encryption. The largest secret capacity enhancement of 45%, 30% outage 
probability reduction, 25% energy efficiency improvement, and 20% end-to-end latency reduction are achieved. 
The best balance between secrecy, performance, and energy consumption in WSNs is achieved by optimizing 
secure data transmission. Secrecy Rate Optimization is the most efficient way for ensuring security and system 
performance in dynamic, resource-constrained contexts like WSNs. 
Table2.Depicts performance in comparing different methods 

Methods 

Secrecy 
Capacity 

Outage 
Probability 

Energy 
Efficiency 

End-to-
End 
Delay 

Improvement 
(%) 

Reduction 
(%) 

Improvement 
(%) 

 
Reduction 
(%) 

Traditional Encryption 15% 10% 10% 5% 

Physical Layer Security (PLS) 35% 25% 20% 15% 

Secrecy Rate Optimization 45% 30% 25% 20% 

 
 Figure2 shows the various 
techniques-Physical Layer Security (PLS), Secrecy Rate Optimization, and Traditional Encryption—perform 
in relation to important metrics like improved secrecy capacity, decreased outage probability, increased energy 
  

efficiency, and decreased end-to-end delay. This gives an unambiguous visual depiction of how well each 
technique enhances privacy in multi-hop wireless networks.

0% 10% 20% 30% 40%

Secrecy Capacity
Improvement

Outage Probability
Reduction

Energy Efficiency
Improvement

End-to-End Delay
Reduction



 Vinod Kumar Saroha, V.Naveen, Madhu Kumar Vanteru ,Kishore Kumar M , Nilesh Patil,S B G Tilak 
Babu 
 

Library Progress International| Vol.44 No.3 | Jul-Dec 2024                                                14882 

 
 
 

Figure 2. shows the performance comparison in important metrics 
. 

V. CONCLUSION 

In this research has demonstrated that enhancing secrecy in multi-hop wireless networks can be effectively 
achieved through cross-layer optimization techniques, specifically Physical Layer Security (PLS) and Secrecy 
Rate Optimization. By employing these advanced methods, the secrecy capacity of the network can be 
significantly improved while simultaneously reducing the outage probability and energy consumption. The use 
of NS-3 (Network Simulator 3) facilitated the simulation and performance analysis, confirming that PLS and 
Secrecy Rate Optimization provide substantial gains in terms of security without compromising network 
performance. PLS leveraged the inherent characteristics of the wireless channel to secure communications, 
while Secrecy Rate Optimization further enhanced the transmission rates of secure data. Together, these 
methods create a robust framework for securing multi-hop wireless networks, making them resistant to 
eavesdropping and other security threats. This research highlights the importance of integrating multi-layer 
security techniques and provides a foundation for future research on optimizing secrecy in wireless 
communication systems. 
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