
SSRG International Journal of Electronics and Communication Engineering Volume 11 Issue 10, 1-23, October 2024 
ISSN: 2348-8549/ https://doi.org/10.14445/23488549/IJECE-V11I10P101      © 2024 Seventh Sense Research Group® 
          

 This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 

Original Article 

Enhancing Satellite Communication through MANETs: 

A Comprehensive Analysis of Optimization Approaches 

and their Impact on Network Performance 

Tanay Jaiswal1, N.R. Kidwai2 

1,2Department of Electronics and Communication, Integral University, Uttar Pradesh, India. 

1Corresponding Author : mr.tanayjaiswal@gmail.com  

Received: 01 August 2024  Revised: 02 September 2024  Accepted: 01 October 2024  Published: 30 October 2024

Abstract - Satellite communication is critical in modern telecommunications, whereas Mobile Ad hoc Networks (MANETs) are 

a dynamic and decentralized wireless communication infrastructure used in both civilian and military settings. This article 

investigates the integration of MANETs with satellite communication systems to address the inherent issues that satellite 

networks provide. The goal is to identify the synergies between various technologies, categorize optimization techniques, and 
analyze their influence on network performance. The study emphasizes the development of a comprehensive approach that 

includes numerous optimization strategies in a hybrid manner. It delves into the continuous emphasis on interoperability among 

various systems, assessing how they complement one another and the potential performance trade-offs. The findings provide 

insights that promise to advance the field by giving innovative techniques for improvement. The study focuses on the creation of 

a complete methodology that incorporates several optimization techniques. It dives into the ongoing emphasis on the 

interoperability of different systems, evaluating how they complement one another and the potential performance trade-offs. The 

findings give insights that have the potential to progress the discipline by proposing novel ideas to improve the efficiency and 

reliability of satellite networks. Furthermore, the paper provides optimization issues for various performance characteristics, 

which are presented as a series of nonlinear optimization problems. These challenges seek to improve resource use and overall 

satellite network performance. The study recommends that future research prioritize compatibility, the lack of conflicts across 

techniques, and improvements over the present system. 
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1. Introduction  
1.1. Satellite Communication 

A vital component of contemporary technology, satellite 

communication offers global connectivity and supports a wide 

range of uses, including emergency communications, weather 

monitoring, television transmission, internet services, and 
navigation systems [1]. Because of its scalability and 

dependability, its long-distance connectivity makes it a 

preferred solution for both military and civilian applications.  

Even though satellite communication is essential to 

modern telecommunications, several challenges limit its 

effectiveness. These challenges require investigation and 

creative solutions. Propagation delay, scarce bandwidth, 

signal interference, high deployment costs, security flaws, 

dynamic topology, scalability issues, and power management 

are some of the difficulties that satellite communication must 

overcome [2]. These elements emphasize how difficult it is to 
optimize satellite networks for dependable and effective 

operation. 

1.2. Mobile Ad-hoc Networks 

MANETs are a type of decentralized wireless 

communication infrastructure that is perfect for scenarios 

where permanent infrastructure is impractical or expensive. 

Nodes can establish and break connections independently with 

the help of MANETs. They are adaptable and enable direct 

connections between nodes without requiring pre-existing 

network infrastructure. Because of their versatility, MANETs 

are especially helpful in military operations, disaster relief 

efforts, and remote locations where it is challenging to 

establish a reliable communication infrastructure [3]. For both 
military and civilian applications, MANETs provide cost-

effectiveness, flexibility, and mobility that allow for quick 

deployment in case of emergencies or transient events. They 

automatically realign themselves to sustain connectivity, 

thereby offering redundancy and enhanced reliability through 

self-healing. By complementing the characteristics of satellite 

communication, MANETs can enhance performance and 

efficiency in satellite communication. 

http://www.internationaljournalssrg.org/
http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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1.3. Rationale for Integration 

Because MANETs provide resource efficiency, dynamic 

topology management, and flexibility, they can enhance 

satellite communication systems [4]. These self-organizing 

networks are perfect in scenarios where terrestrial 

infrastructure is unstable or non-existent. By facilitating 
effective data routing and dissemination and guaranteeing 

efficient satellite bandwidth usage, MANETs also enhance 

resource utilization.  

By decreasing vulnerabilities and boosting network 

resilience, integrating MANETs with satellite communication 

adds layer of security. By addressing resource optimization, 

security, and flexibility, the integration gives satellite 

networks a dynamic and flexible element and enhances 

performance in a range of communication scenarios [5]. 

Additional analysis of optimization techniques will yield more 

insights into the benefits and effects of this integration on the 

performance of satellite communication networks. 

1.4. Research Gap and Objectives 

Though there is a large research gap in integrating 

MANETs to improve performance, satellite communication is 

essential for global connectivity. A thorough analysis of 

optimization techniques and how they affect network 

performance when coupled with MANETs is lacking in the 

literature. This disparity emphasizes the necessity of 

conducting a thorough study to comprehend the benefits of 

satellite communication and MANETs working together. 

With an emphasis on network performance, scalability, and 

adaptation issues, the study attempts to assess the limitations 
of satellite communication systems. It assesses how well 

MANETs integrate with satellite systems and examines how 

this affects flexibility, scalability, and performance.  

The study also examines optimization techniques, such as 

resource management, routing, and security, to improve 

satellite communication performance through MANET 

integration. Through MANET integration, the study offers 

creative ways to increase the effectiveness and dependability 

of satellite systems while concentrating on resource 

allocation, power consumption, and bandwidth usage. To 

evaluate the efficacy of optimization strategies, the study also 

establishes performance metrics. 

1.5. Significance of the Study 

The research aims to increase satellite communication 

capabilities, which will improve connectivity in underserved 

and remote areas. Through an analysis of optimization 

methodologies leveraging MANETs, the study also highlights 

the significance of promoting resilience in communication 

networks, especially those susceptible to intentional 

interference or disturbances from the environment.  

The study investigates optimization techniques to 

enhance satellite communication and offers practitioners, 

academics, and business experts a road map. By outlining the 

advantages and drawbacks of integrating MANETs, it also 

supports strategic decision-making by empowering 

stakeholders to create reliable, high-performing satellite 

networks. The research holds importance in mitigating 

obstacles, augmenting network efficiency, and establishing 
the foundation for enhanced communication systems, thereby 

bolstering worldwide connectivity and propelling 

technological progress. 

2. Literature Review 
2.1. Satellite Communication 

Due to issues with spectrum misuse, security flaws, 

design specifications, and convergence with terrestrial 
networks, satellite communication systems confront 

challenges related to efficiency, security, and reliability. They 

are susceptible to spectrum misuse because of their openness 

[1]. The high bit error rates and latency of satellite 

communications render traditional security methods 

inadequate. Convergence of terrestrial and satellite networks 

could resolve current problems with mobile communication 

systems [2]. Due to several difficulties, the security and 

dependability of satellite communication systems, in 

particular Physical Layer Security (PLS), have been major 

concerns [3].  

Complex problems arise from the heterogeneous nature 

of satellite networks and their lack of unified planning, 

dividing resources into categories such as processor, orbit, and 

communication [4]. There are security risks in data 

communication between satellites and within their internal 

structures due to the growing use of space-based wireless 

networks [5]. Service continuity, ubiquity, and scalability are 

provided by satellite communication; however, issues with 

resource management, network control, security, spectrum 

management, and energy consumption need to be resolved. It 

offers a thorough analysis of the risks, remedies, and 

difficulties associated with link-layer security when 
implementing and running SATCOM systems, especially 

concerning the physical layer [6].  

To reduce latency and maximize application performance 

over satellite IP networks, investigate methods like User 

Datagram Protocol, Performance Enhancement Proxies, and 

Delay-Tolerant Network Architecture [7]. The study [8] 

explains the history of satellite mobile communications, 

examines the difficulties in integrating satellite networks into 

5G cellular networks, and evaluates the current state of 

satellite networks and related technologies. Due to spectrum 

misuse, vulnerabilities, and design requirements, satellite 
communication systems confront challenges with reliability, 

security, and efficiency. One possible solution is convergence 

with terrestrial networks, but security at the physical layer is 

paramount. Strategies such as Delay-Tolerant Network 

Architecture and Performance Enhancement Proxies can be 

beneficial. 
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2.2. Mobile Ad-hoc Networks 

In the context of satellite communication, Mobile Ad Hoc 

Networks (MANETs) offer several key characteristics that 

enhance network performance, particularly in dynamic and 

resource-constrained environments [9]. One of the key 

characteristics of MANETs is their decentralized and self-
configuring architecture, which enables them to create 

communication links on their own without the assistance of 

pre-existing infrastructure. This feature is especially helpful 

for satellite networks, as fixed infrastructure is frequently 

impractical in remote locations or for disaster recovery plans. 

Furthermore, MANETs use multi-hop routing, which 

improves coverage and connectivity over wide geographic 

regions by allowing data transmission over multiple 

intermediary nodes in situations where direct communication 

with a satellite is impractical [10, 11].  

MANETs' dynamic topology, in which nodes can join and 

exit the network regularly, is like satellite communication's 
sporadic link availability, which can be disrupted by outside 

influences or user mobility. Because of their built-in adaptive 

routing protocols, MANETs are well-suited to the erratic 

conditions of satellite links, effectively adapting to these 

topological changes [12]. Energy efficiency is also very 

important because a lot of satellite communication nodes, 

especially mobile terminals that are based on the ground, run 

on limited power. In satellite systems with limited energy 

resources, MANETs' capacity to implement energy-aware 

routing guarantees longer operational times, which is pivotal 

[13]. 

Finally, the scalability and low infrastructure dependency 

of MANETs match the requirements of communication 

networks that cater to sizable, dispersed, and frequently 

mobile user bases. Because of these qualities, MANETs are a 

perfect match for communication systems, offering scalable, 

resilient, and adaptable solutions that can meet the ever-

changing demands of space-ground network integration [14, 

15]. 

2.3. Rationale for Integration with MANET 

Integrated Satellite-Terrestrial Networks (ISTNs) lessen 

dependency on terrestrial infrastructure while expanding 

network coverage. For architectural development and protocol 
upgrades, they have four stages. Tests indicate that ISTN can 

use low-Earth orbit satellite communication to enable 

industrial Internet applications. Programmable satellites and 

AI-powered networking are examples of future developments 

that will be compatible with MANETs [16]. Research on 

integrating MANETs with satellite systems found that ad-hoc 

routing protocols can be effectively used in a hybrid MANET-

satellite network to meet Quality of Service (QoS) criteria.  

Simulation results with NS3 show that the hybrid network 

can achieve QoS performance. The study highlights the 

importance of routing protocols in designing and 

implementing hybrid MANET-satellite networks for efficient 

and reliable communication [17]. According to the study, 

adding MANET technology to satellite networks can improve 

polar satellite missions, which will improve the flexibility, 

self-organization, and self-configuration of satellite systems 

[9].  

The study highlights SatSim's benefits as a user-friendly, 

modular tool for improving satellite network protocols, with 

potential applications in intelligent agents, terrestrial vehicles, 

and new protocols [18]. The article [19] addresses the use of 

MANETs in conjunction with satellite networks for military 

operations and disaster relief. It talks about the difficulties 

with QoS, energy management, routing, and gateway 

selection. The article also covers the functions of gateways, 

including security, multi-homing, handoffs, and load 

balancing. It looks at ongoing projects such as DUMBONET, 

MONET, SAVION, and P2PNET. Benefits of the integration 

include robust communication, global communication, quick 
response times, and spontaneous communication that can 

happen anywhere at any time.  

The articles [20-22] highlight the characteristics of 

MANETs that are compatible with satellite communication 

requirements. By reducing dependency on terrestrial 

infrastructure, integrated satellite-terrestrial networks can 

improve network coverage. They are appropriate for 

programmable satellites and artificial intelligence-based 

networking, and they can support industrial Internet 

applications. While maintaining Quality of Service standards, 

hybrid MANET-satellite networks can effectively employ ad-
hoc routing techniques. Protocols for routing are essential to 

effective communication. For emergency and disaster relief 

services, integrating MANET with satellite networks offers 

advantages like worldwide communication, robust 

communication, quick response, and spontaneous 

communication. 

2.4. Challenges and Proposed Solutions for Integration 

Long propagation delays, interference, and complex 

network dynamics are just a few of the difficulties that come 

with integrating satellite and terrestrial networks [23]. It is 

imperative to tackle these concerns to guarantee seamless 

communication and enduring relationships for individuals 
globally. The study [24] examines research projects on SDN 

satellite networks and talks about the difficulties in 

incorporating satellite communication networks into the 5G 

ecosystem, such as network virtualization, hardware 

compatibility, and satellite mobility. 

This paper [25] investigates a range of machine-learning 

methods for satellite networks. It also highlights the 

challenges faced, including limited and poor-quality data, a 

dynamic and complex environment, and communication and 

computational constraints in satellite communication. The 

hybrid MANET-cellular network [26] is intended for data 
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offloading, focusing on system architecture, data delivery 

techniques, privacy protection, and resource management. It 

highlights shared concerns and obstacles, such as network 

heterogeneity, mobility, scalability, dependability, and 

differing service needs and performance indicators.  

The article [27] examines the advantages and 
disadvantages of combining terrestrial and satellite 

components into a single telecom network, emphasizing gains 

in QoS, resilience, faster deployment, and enhanced service 

coverage. It also looks at how software-defined networking 

and network function virtualization can improve upon current 

satellite communication systems' drawbacks. The article [28] 

covers a variety of optimization methods for MANET routing 

protocols, such as artificial neural networks, bacterial foraging 

optimization, genetic algorithms, ant colony optimization, 

particle swarm optimization, and more. It summarizes the 

literature on these techniques, emphasizing both their 

advantages and disadvantages. Using measures like energy 
consumption, latency, overhead, and throughput, the article 

assesses these algorithms.  

The paper [29] examines how terrestrial networks can use 

satellites to provide redundant connections and data 

offloading, as well as to improve performance and overcome 

congestion. It suggests a framework for network simulation 

that makes use of ns3 to assess the need for load balancing and 

routing in dynamic hybrid networks. By extracting temporal 

and spatial variations from low-resolution images, a less 

parameterized MANET methodology outperforms traditional 

machine learning and deep learning fusion techniques, leading 
to more accurate prediction accuracy and precise fusion results 

[30].  

Integrating satellite and terrestrial networks is 

challenging due to propagation delays, interference, and 

complex architecture. Solutions include virtualization, 

hardware compatibility, and satellite mobility. Machine 

learning can address data shortages and quality concerns. 

Hybrid MANET-cellular networks address network 

heterogeneity, mobility, scalability, and dependability, 

increasing service coverage, deployment, resilience, and QoS. 

2.5. Recent Evaluation Metrics’ Optimization Strategies in 

ISTNs 
The study [31] looks at how much energy routing 

protocols use and how that affects the longevity and 

performance of MANETs. It shows that OLSR uses less 

energy than DSDV and that reactive procedures use less 

energy than proactive protocols. Additionally, the study looks 

at how routing protocols affect routing overhead, throughput, 

and end-to-end latency. It models and assesses routing 

strategies with the help of the network simulator ns2. The 

study [32] surveys, categorises and analyses current route 

optimization algorithms based on strategy, overhead, and 

performance.  

The study [33] looks at how five different routing 

protocols operate in a MANET system with node number. 

Utilizing NS2, the study has between 50 and 150 nodes. The 

simulation tool is used, and the results are shown in tables and 

graphs. According to the study, OLSR is the optimal routing 

protocol for end-to-end latency, while AODV is the best for 
throughput and packet delivery ratio. The report makes 

recommendations for future directions in research to enhance 

the performance of routing protocols in MANET systems.  

The study [34] emphasizes the significance of putting 

forward novel metrics to measure route performance in 

MANETs using the Path Change Factor (PCF) and Route 

Repair Effect (RRI) to assess connection failure, which is 

frequently brought on by high mobility. The paper [35] offers 

a hybrid routing method that keeps data transport inside the 

MANET while outsourcing routing to a MANET-Controller 

(MC). Based on QoS requirements and network conditions, 

the MC can schedule flows.  

In comparison to conventional MANET techniques, 

Omnet++ simulations demonstrate that the method can 

identify congested segments, improve packet delivery, and 

reduce end-to-end latency. But the report also covers 

constraints and roadblocks. Federated Satellite Systems can 

make use of the Optimized Link State Routing (OLSR) 

protocol, a viable option for enhancing polar mission 

monitoring [36].  

Future networks can benefit greatly from Federated 

Learning (FL) over wireless communication networks, 

especially for low-Earth orbit-based satellite communication. 
On the MNIST dataset, combining FL with LEO satellite 

systems results in realistic accuracy and reduced 

communication overheads. FL-based SatCom lowers 

communication overheads and traffic costs by supporting 

massively networked devices and improving communication 

efficiency [37]. 

To enhance inter-satellite optical wireless communication 

performance, research has looked into optimizing satellite 

communication overhead [38]. Rebroadcasting and route 

maintenance are two tactics for lowering traffic and overhead 

[39]. A proposed technique aims to optimize the frequency 

plan and bandwidth allocation in the return links of broadband 
satellite networks.  

[40], to reduce bandwidth usage in networks that use 

continuous coding and modulation schemes. The evaluation of 

two heuristic- and integer-based linear programming-based 

solutions revealed only slight reductions in total bandwidth 

consumption. A hybrid metaheuristic combining Particle 

Swarm Optimization (PSO) and Genetic Algorithm (GA) was 

proposed [41], significantly reducing power consumption and 

service rate. 
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The study [39] identifies three strategies to increase 

MANET performance in military environments: concentrating 

on critical nodes with high connectedness and centrality in the 

network, utilizing twin cluster heads to divide the workload 

and conserve energy. Moreover, it provides a traffic 

categorization routing algorithm that considers energy when 
meeting the quality of service standards in a microsatellite 

network with limited energy [42].  

Numerous research projects, including multibeam 

satellite systems, have been undertaken to increase the energy 

efficiency of satellite communication systems [43] and Low 

Earth Orbit (LEO) satellite communication systems [44]. 

These works concentrate on improving a Ka-Band Multi-

Beam LEO Satellite Communication System and Secure 

Energy Efficient (SEE) beamforming in multibeam satellite 

systems. They also created a technique that makes use of 

enhanced Cooperative Spectrum Sensing (CSS) techniques to 

improve energy economy in cognitive communication 
scenarios.  

[45] and investigated collecting data from IoT gateways 

via LEO satellites in an energy-efficient manner via Lyapunov 

optimization [46]. The studies [47, 48] emphasize the value of 

satellite communication in relieving traffic on terrestrial 

wireless networks and the potential of Reconfigurable 

Intelligent Surfaces (RISs) to improve communication 

efficiency and service quality for small satellites that require 

less power [49].  

The methodologies introduced in the study [50] optimize 

overall energy efficiency under two distinct scenarios: Ideal 
Environment (IE) and Non-Ideal Environment (NIE), thereby 

helping to improve energy efficiency in satellite-to-ground 

communication systems. In the IE scenario, the research aims 

to maximize power reception by precisely regulating each RIS 

element's phase shift and utilizing Selective Diversity to 

identify the RIS element that is producing the greatest amount 

of power. To achieve energy efficiency, these studies conclude 

by emphasizing the need for energy optimization in satellite 

communication systems and by proposing several methods, 

including beamforming, spectrum sensing, power allocation, 

and intelligent surface technologies. 

The study [51] examines performance metrics, QoS-
influencing factors, and the architecture of satellite networks 

for internet access with support for Quality of Service (QoS). 

It identifies factors to consider when creating a quality-of-

service policy as well as performance indicators for customer 

satisfaction. The study [52] discusses QoS features in satellite 

networks, including jitter, packet loss, and delay, and how 

they impact the Quality of Experience (QoE) of multimedia 

services. The study [53] presents the QoS-aware Routing 

Algorithm (QoSRA), which uses a variety of satellite network 

types to distinguish between services. It provides Software-

Defined Satellite Networking (SDSN) with an intelligent 

Quality of Service routing strategy [54], which provides fine-

grained QoS guarantees. This strategy improves network 

integration and reduces costs in satellite networks.  

The study [55] explains why different QoS standards are 

necessary for satellite networks and provides an adaptive 

routing technique to meet those standards. It [56] suggests a 
multi-QoS routing approach to meet complex and different 

QoS needs. The study [57] provides fybrrLink, a novel QoS-

aware routing algorithm for satellite networks made to satisfy 

different QoS requirements for a range of uses. The study [58] 

draws attention to problems with high-throughput satellite 

communications, in particular the need for efficient signal 

processing to reduce interference. 

A hybrid protocol is proposed [39] that integrates 

proactive and reactive routing techniques, modifying settings 

according to the direction and speed of node mobility. 

Compared to traditional protocols, this one can carry 1.41 per 

cent more packets. The study [59] offers BO-CL-DBA, a 
dynamic bandwidth allocation technique based on bee colony 

optimization, which is intended to allocate bandwidth 

resources in broadband satellite communication systems in the 

most efficient way possible.  

The simulation model assessed the proposed algorithm's 

performance in terms of utility value, user happiness, and 

throughput and found that the allocation is highly efficient and 

meets numerous QoS criteria. The articles examine 

performance metrics, factors that impact the quality of service, 

and satellite network architecture. They cover adaptive 

algorithms, multi-QoS strategies, QoS-aware routing 
algorithms, intelligent QoS routing schemes, high-throughput 

satellite communications, signal processing, and adaptive 

design. Additionally, they suggest a mechanism for dynamic 

bandwidth allocation based on the optimization of bee 

colonies. 

In satellite communications, Physical-Layer Security 

(PLS), which depends on randomness to maintain 

confidentiality and authentication, is a potential substitute 

security paradigm. However, there are special security 

challenges associated with the integration of satellite and 

terrestrial networks in next-generation communication 

systems, especially for critical infrastructures like space 
stations, autonomous ships, and aeroplanes.  

A survey [60] highlights several research challenges in 

PLS for satellite communications and makes 

recommendations for possible directions for further study. 

This paper discusses how to implement PLS in an integrated 

satellite-terrestrial network, looks at how these challenges 

affect an ISTN's security performance, and offers suitable 

solutions. A study [61] offers challenges to maximize the sum 

secrecy rate of satellite users, a framework for symbiotic 

secure transmission between satellites and terrestrial devices, 
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and a method for secure key agreement that is both efficient 

and verifiable for satellite communication networks. The 

proposed scheme [62] provides anonymity by substituting the 

user's genuine identity with a temporary identity updated 

throughout each session. The study [63] focuses on utilizing 

artificial noise at the transmitter and creating optimization 
problems to reduce the Signal-to-Noise Ratio (SNR) received 

at radar targets while maintaining the signal-to-noise ratio 

requirement at legitimate users to provide transmission 

secrecy in a MIMO dual-functional radar-communication 

system. For satellite communications, Physical-Layer 

Security (PLS) is a workable solution. However, the 

limitations of merging satellite and terrestrial networks create 

unique security risks, particularly for critical infrastructure 

such as space stations and autonomous ships. 

2.6. Gaps in the Literature and Research Questions 

 Scarcity of studies on the resilience and reliability of 

MANET-satellite communication systems: The literature 
does not provide a thorough study of how MANET 

integration might improve the resilience and 

dependability of satellite communication systems, 

particularly in demanding conditions or during 

catastrophe recovery operations [64, 65]. What effect do 

MANETs have on the resilience and dependability of 

satellite communication systems, particularly in 

demanding situations or during disaster recovery efforts? 

 Resource allocation and management: Efficient resource 

allocation and management are critical in MANET-

satellite communication, as resources are restricted and 
shared by several users. Dynamic resource allocation, 

resource sharing, and traffic management are some of the 

optimization methodologies proposed in the study [66]. 

How can MANETs be integrated with satellite 

communication systems to handle networking, data 

transmission, and connection concerns in remote or 

inaccessible locations? 

 Network performance metrics: There is a limited 

understanding of how different optimization 

methodologies affect certain network performance 

indicators in MANETs and satellite communication [67]. 
What performance indicators are most important for 

assessing the efficacy of optimization techniques in this 

context, and how do various approaches influence these 

metrics? 

 Limitations of existing approaches: While numerous 

optimization approaches have been developed to improve 

the performance of satellite communication-MANET 

networks, it is critical to recognise their limits and devise 

tactics to overcome them [6]. This research might shed 

light on the most successful optimization approaches for 

this sort of network. 

 Understanding the trade-off among approaches: There is 
still a lack of research on the trade-offs between different 

optimization strategies for improving satellite 

communication via MANETs. While some techniques 

concentrate on energy efficiency, others enhance 

throughput or lower latency [68]. The challenge is to 

know how to strike a balance between these conflicting 

goals because pursuing one at the expense of another 

often prompts additional research. 

3. Key Performance Parameters and 

Optimization Approaches 
MANET performance optimization is inherently 

challenging because of MANETs’ characteristics. Research 

aims to improve design and implementation by evaluating 

routing protocol performance to tackle these problems. 

Routing protocols are assessed based on performance metrics, 

which include energy consumption, overhead, QoS metrics 

(e.g., packet delivery ratio, end-to-end delay), network 

dynamics, mobility, bandwidth restrictions, and energy 

constraints. 

3.1. Overhead Optimization Approaches 

A crucial factor that impacts network performance in 

MANETs is overhead, which raises data transmission and 
contributes to congestion, packet loss, delay, and congestion. 

Routing protocols, control messages, and neighbour discovery 

mechanisms are some of the factors that affect it. Researchers 

can improve network performance by managing overhead. 

Given that overhead optimization has a major impact on 

network efficiency and performance, it is an essential 

component of MANET design. The requirements of the 

application and the properties of the network determine which 

optimization technique is most suited. Consequently, when 

designing and implementing MANET protocols, careful 

consideration of these overhead factors is crucial. The 
following are a few typical MANET overhead optimization 

techniques: 

3.1.1. Broadcasting Optimization 

In MANETs, broadcasting is essential for distributing 

information to numerous nodes. On the other hand, excessive 

broadcasting can result in high overhead and energy 

consumption, which lowers network lifetime and 

performance. Reducing overhead and increasing energy 

efficiency require optimizing broadcasting. Location-based 

broadcasting, multi-hop broadcasting, probabilistic 

broadcasting, and selective broadcasting are methods for 
optimizing broadcasting in MANETs. 

By only broadcasting a message to nodes within a 

particular geographic region, location-based broadcasting 

lowers overhead. To ascertain whether nodes are in the 

broadcast region and can receive the message, this method 

makes use of their location data. By limiting the number of 

hops in the broadcasting process, multi-hop broadcasting 

lowers the total number of broadcasts while increasing energy 

efficiency. Using probabilistic models, probabilistic 
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broadcasting chooses a subset of nodes at random based on 

factors like energy consumption and network topology to 

determine which nodes receive the message. Selective 

broadcasting chooses a subset of nodes to receive the message 

based on heuristics such as connectivity or distance. 

To sum up, optimizing broadcasting is crucial for 
lowering overhead and raising MANET energy efficiency. 

The network topology, node, and other factors determine 

which broadcasting optimization technique is most suitable. 

3.1.2. Cluster-Based Routing 

In MANETs, cluster-based routing is one method for 

optimizing overhead. It entails partitioning the network into 

clusters, each headed by a cluster head who handles 

communication inside the cluster. Lowering the number of 

transmissions lowers overhead. Cluster-Based Forwarding 

(CBF), Hybrid Energy-Efficient Distributed (HEED) 

clustering, Low Energy Adaptive Clustering Hierarchy 

(LEACH), and Power-Efficient Gathering in Sensor 
Information Systems (PEGASIS) are a few cluster-based 

routing techniques. 

By sending packets to their cluster heads, who 

subsequently forward them to the destination node, CBF 

employs a cluster-based technique. By lowering the number 

of transmissions and increasing the energy efficiency of the 

network, this lowers overhead. HEED uses a hybrid approach, 

selecting cluster heads based on node density and residual 

energy. Designed for energy-efficient communication in 

MANETs, LEACH is a well-liked cluster-based routing 

protocol that forms clusters around a cluster head in charge of 
gathering and aggregating data. PEGASIS is a chain-based 

clustering algorithm that forms a chain of nodes from sensor 

nodes to the base station, reducing overhead by minimizing 

transmissions and improving network energy efficiency. 

In conclusion, cluster-based routing is an effective 

technique for overhead optimization in MANETs, but the 

choice depends on network topology, node mobility, and 

energy constraints. 

3.1.3. Location-Based Routing 

By making use of nodes' location data, location-based 

routing reduces overhead in MANET architectures. This 

method extends the lifetime of the network, increases network 
efficiency, and decreases the number of transmissions. 

Geographic routing, grid-based routing, position-based 

routing, and zone-based routing are a few location-based 

routing methods. 

Geographic routing ensures that every node keeps a 

routing table with the location data of its neighbours by using 

node location information to make routing decisions. This 

increases MANET energy efficiency and lowers the overhead 

of flooding. Grid-based routing creates grids within the 

network and gives each one a special number. This increases 

the efficiency of MANETs and lowers the overhead associated 

with maintaining routing tables. Position-Based Routing 

routes the packet to the closest neighbour after calculating the 

distance to the destination node. Zone-Based Routing creates 

distinct identifiers for each zone while dividing the network 
into them. 

To sum up, location-based routing is a useful technique 

for cutting overhead and boosting MANET performance. The 

topology of the network, node mobility, and node energy 

constraints all influence the selection of an appropriate 

location-based routing technique. 

3.1.4. Multicasting 

With multicasting, a single transmission can 

simultaneously reach several receivers in a MANET, thereby 

reducing overhead. Through fewer transmissions and more 

effective use of available bandwidth, this technique increases 

the energy efficiency of MANETs. 

Because of the broadcast storm issue, flooding-based 

multicasting results in high overhead and decreased network 

efficiency. Flooding is a technique that uses flooding to 

multicast packets to all nodes in the network. By building a 

mesh network among nodes, mesh-based multicasting sends 

packets to every node in the mesh. This method increases the 

efficiency of MANETs while lowering the overhead of 

flooding. By building a tree structure among nodes, tree-based 

multicasting distributes packets to every node in the network. 

A node's forwarding of a multicast packet to its parent and all 

its offspring lowers the overhead of flooding and boosts the 
effectiveness of MANETs. Zone-based multicasting creates 

distinct identifiers for each zone within the network. To lower 

the overhead of flooding and increase the efficiency of 

MANETs, a node forwards a multicast packet to all other 

nodes in its zone as well as to nodes in nearby zones. 

In summary, multicasting is a useful method for cutting 

overhead and raising the effectiveness of MANETs. The 

network topology, node mobility, and node energy constraints 

all play a role in choosing the best multicasting technique. 

3.1.5. Neighbour Coverage-Based Optimization 

One method for lowering MANET overhead is neighbour 

coverage-based optimization. To minimize control overhead, 
it entails grouping nodes according to the coverage of their 

neighbours and optimizing the routing protocol. Within a 

given transmission range, neighbour coverage is the number 

of neighbouring nodes that a given node can reach. 

Adaptive control packet transmission, which modifies the 

frequency of control packet transmission based on the node's 

neighbour coverage, and grouping nodes according to their 

neighbour coverage are two methods to carry out this 

optimization. By doing this, you can preserve the routing table 
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and maximize the overhead. Another method for distributing 

control packets in MANETs is optimized broadcast. This 

method minimizes the number of nodes that must receive the 

broadcast and lowers overhead by optimizing the broadcast to 

target nodes with poor neighbour coverage.  

Another method for spreading control packets in 
MANETs is reduced flooding. However, this can result in 

excessive overhead and congestion. By limiting flooding to 

nodes with poor neighbour coverage, this technique lowers 

overhead while guaranteeing that all nodes receive the 

required control packets. In conclusion, neighbour coverage-

based optimization is a useful method for cutting down on 

MANET overhead. 

3.2. Energy Optimization Approaches 

Energy consumption is an important performance 

parameter in MANETs because it affects the network's 

longevity and performance. Overconsumption of energy can 

lead to node fatigue and network partitioning, which reduces 
QoS and dependability. The factors that affect energy 

consumption are node mobility, traffic load, transmission 

power, and node distance. To improve network stability, each 

node in a MANET should be energy aware, regularly 

calculating and reporting how much energy it still has left. As 

a result of the limited battery life of mobile nodes, energy 

optimization is an important issue in MANETs. Typical 

techniques for energy optimization in MANETs include the 

following: 

3.2.1. Cross-Layer Optimization 

Cross-layer optimization is a technique for maximizing 
energy consumption in MANETs. Multiple network protocol 

stack tiers work together to optimize energy consumption. 

Through improved coordination and communication between 

layers, this approach increases energy efficiency and 

optimizes network resources. 

Adaptive Modulation and Coding (AMC) increases 

energy efficiency by adapting modulation and coding schemes 

according to channel quality in response to changing channel 

conditions. Cross-layer power control enhances MAC and 

physical layer coordination by reducing transmission power 

when not needed. Cross-layer scheduling synchronizes data 

transmission scheduling with network layer routing decisions 
to minimize idle nodes and packet delays.  

Further optimization of multiple layers (physical, MAC, 

and routing layers) is also possible by considering the 

properties of each layer. This allows for increased energy 

efficiency. Cross-layer optimization that considers quality-of-

service considers the requirements of different network 

applications when allocating resources, prioritizing traffic, 

and optimizing energy consumption. All things considered, 

cross-layer optimization is a practical technique for MANET 

energy optimization. Enhancing coordination and 

communication among the different layers of the protocol 

stack prolongs the network's life and boosts its efficiency. 

3.2.2. Energy-Aware Data Aggregation 

Energy-aware data aggregation is one technique for 

MANET energy optimization. It entails gathering data at 

intermediate nodes before forwarding it to the destination 
node, extending the network lifetime, and reducing energy 

consumption during data transmission. Applications for this 

technique include location-based data aggregation, load-

balancing data aggregation, hybrid data aggregation, energy-

aware routing with data aggregation, and threshold-based data 

aggregation. 

Data aggregation-based energy-conscious routing 

minimizes the number of hops and avoids nodes that consume 

a lot of energy. Hybrid data aggregation optimizes energy 

consumption by merging these techniques, allowing nodes to 

tailor their data aggregation to the characteristics of the 

network. Load-balancing data aggregation reduces energy 
consumption during data transmission and avoids network 

congestion by distributing the load uniformly throughout the 

network. Location-based data aggregation minimizes 

unnecessary data aggregation over long distances by only 

aggregating data when nodes are physically close to one 

another. 

Threshold-based data aggregation aggregates data only if 

the quantity received exceeds a predefined threshold, 

preventing unnecessary data aggregation and consuming less 

energy during data transmission. All things considered, 

energy-aware data aggregation is a helpful technique for 
optimizing MANET energy, leading to increased network 

performance and lifetime. 

3.2.3. Energy-Efficient Data Dissemination 

Because MANETs self-organize and their network 

topology changes quickly, efficient data dissemination is 

essential for energy optimization. Cluster-based routing, 

cross-layer design, geographic routing, and power-aware 

routing are some methods for disseminating data in an energy-

efficient manner. 

By dividing the network into clusters and choosing a 

cluster head for each cluster, cluster-based routing optimizes 

network traffic and reduces redundant packet transmission, 
hence saving energy. By considering physical layer 

parameters, MAC layer protocols, and network-layer routing 

protocols, cross-layer design maximizes communication 

between various network layers. By using node coordinates to 

forward packets, geographic routing prevents flooding and 

uses less energy. To prevent premature node failure and lower 

energy consumption, power-aware routing takes node residual 

energy levels into account when choosing a data transmission 

path. 
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Finally, the choice of protocol relies on network topology, 

node mobility, and energy constraints. Energy-efficient data 

dissemination is crucial for energy optimization in MANETs. 

3.2.4. Energy-Efficient Localization 

A key component of MANETs is localization, which 

allows nodes to pinpoint their location without the aid of 
outside infrastructure. Applications in MANETs that require 

routing, tracking, and monitoring depend on it. However, 

localization can require a large amount of energy and 

resources. Thus, energy optimization requires the use of 

energy-efficient localization techniques. 

By minimizing the use of GPS or other location-based 

services, cooperative localization minimizes energy 

consumption by allowing multiple nodes to work together to 

estimate each other's locations. By utilizing data shared among 

nearby nodes, distributed localization reduces the need for 

GPS and other location-based services to determine the 

location. By allocating more tasks to nodes with higher energy 
levels, energy-aware localization minimizes workload and 

hence cuts down on energy consumption. By doing away with 

the need for pricey range measurement equipment, range-free 

localization minimizes energy consumption by estimating 

node locations without measuring distance. 

To sum up, energy-efficient localization is crucial for 

energy optimization in MANETs, and the network topology, 

node mobility, and node energy constraints all influence 

which technique is best. 

3.2.5. Power-Aware Routing 

By choosing the optimal path based on factors like node 
residual energy, transmission power needed to forward 

packets, and destination distance, power-aware routing helps 

MANETs use less energy. This method increases the lifetime 

of the network and balances node energy consumption. 

Adaptive Power-aware Routing Protocol (APRP), 

Energy-Aware Routing Protocol (EARP), Location-based 

Energy-aware Routing Protocol (LEAP), and Minimum 

Energy Routing (MER) are a few methods for power-aware 

routing in MANETs. To balance energy consumption among 

nodes, APRP modifies the transmission power of nodes based 

on residual energy and distance to the destination. Intending 

to save energy for nodes with lower energy levels, EARP 
chooses the path that uses the least amount of energy based on 

residual energy and the distance to the destination. To 

minimize energy consumption and enhance network 

performance, LEAP makes use of node location data to 

estimate the energy consumption of possible routes to the 

destination. 

In conclusion, network topology, node mobility, and 

energy constraints all influence the choice of power-aware 

routing, an efficient method for energy optimization in 

MANETs. Through the appropriate selection of power-aware 

routing techniques, MANETs can maximize both their 

lifetime and energy consumption. 

3.3. Packet Delivery Ratio Optimization Approaches 

A critical performance factor in MANETs that influences 

QoS and network dependability is the packet delivery ratio or 
PDR. Having a high PDR guarantees that data will reach its 

intended audience. Node mobility, link quality, interference, 

network congestion, and routing protocol efficiency are some 

of the factors that affect PDR. Depending on the specifications 

of the application and the properties of the network, several 

methods are available for PDR optimization. In MANETs, the 

following are some typical techniques for optimizing packet 

delivery ratio: 

3.3.1. Fuzzy Logic Approaches 

MANETs can maximize the packet delivery ratio by 

implementing Forward Error Correction (FEC). To recover 

lost or corrupted packets at the recipient without 
retransmission, FEC adds redundant data to packets. This can 

lower the amount of lost or corrupted packets, which will 

increase the packet delivery ratio. 

FEC can be applied in a variety of ways to optimize the 

packet delivery ratio in MANETs. By adding redundant data 

to each packet, packet-level FEC lowers the amount of lost or 

corrupted packets. Block-level FEC helps to improve the ratio 

by appending redundant data to a block of packets, particularly 

when there are multiple packet losses. With fountain coding, 

a limited number of source packets can produce an endless 

stream of packets, offering an infinite quantity of redundant 
packets for recovery. Hybrid FEC provides an infinite stream 

of redundant packets in addition to packet-level redundancy 

by combining several FEC techniques, such as fountain 

coding and packet-level FEC. 

In conclusion, by appending redundant data to packets, 

FEC is a useful technique for maximizing the packet delivery 

ratio in MANETs. 

3.3.2. Geographic Routing 

In MANETs, geographic routing is a method that 

maximizes the packet delivery ratio. It entails cutting down on 

hop counts, decreasing the effect of link failures, and 

forwarding packets based on node location data. 

Energy-efficient routing, GPS-free routing, greedy 

forwarding, hybrid routing, and perimeter forwarding are 

some of the methods for maximizing the packet delivery ratio. 

Enhancing the packet delivery ratio, extending network 

lifetime, and considering node energy consumption during 

packet forwarding are all goals of energy-efficient routing. 

GPS-free routing is useful in situations where GPS signals are 

erratic or unavailable because it uses connectivity information 

to determine the next hop. Greedy forwarding lowers the 
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number of hops needed to reach the destination by forwarding 

packets to the closest neighbour. When geographic routing is 

insufficient, hybrid routing a combination of geographic 

routing and other routing techniques can increase the packet 

delivery ratio. By sending packets around barriers, such as 

local minima, perimeter forwarding helps to minimize packet 
loss. 

All things considered, geographic routing is an effective 

technique for maximizing packet delivery in MANETs. 

3.3.3. Link Quality-Based Routing 

To maximize the packet delivery ratio in MANETs, a 

variety of link quality-based routing techniques are available. 

The energy levels of nodes in a network control the selection 

of paths and, consequently, the link quality metric. 

Energy-based routing makes sure the network stays up 

and running. Link stability-based routing prioritizes link 

stability, which denotes a decreased probability of failure or 

disconnect. Mobility-based routing avoids frequent 
disconnections by choosing routes with reliable nodes. 

Routing based on packet delivery ratio chooses the paths with 

the highest ratio, which denotes dependable and steady links. 

Signal strength-based routing identifies the most dependable 

links by concentrating on the signal strength between two 

nodes. These techniques support preserving the stability and 

dependability of the network. 

To further optimize the packet delivery ratio in MANETs, 

link quality-based routing techniques can be combined with 

other strategies like geographic routing or fuzzy logic-based 

routing. Depending on the particulars of the MANET, 
including its topology, traffic patterns, and resource 

availability, the chosen approach will vary. 

3.3.4. Reliable Transmission 

In MANETs, reliable transmission is a technique that 

helps to maximize the packet delivery ratio by making sure 

every packet gets sent and received at its intended location. 

Congestion control, forward error correction, quality of 

service, error detection and correction, and retransmission are 

important mechanisms. 

To avoid congestion and guarantee effective 

transmission, congestion control manages the packet flow 

within the network. Errors in transmitted data are found and 
fixed by error detection and correction codes, such as CRC. 

To reconstruct lost or corrupted packets without 

retransmission, forward error correction adds redundant 

information to the transmitted data. To reduce latency and 

packet loss, quality of service gives priority to some types of 

traffic over others, such as multimedia traffic that occurs in 

real-time. Replacing lost or corrupted packets during 

transmission is known as retransmission. Retransmitting lost 

or corrupted packets is possible with the use of Automatic 

Repeat Request (ARQ) techniques. To further optimize the 

packet delivery ratio in MANETs, reliable transmission 

techniques can be combined with other strategies, such as 

fuzzy logic-based routing or link quality-based routing. 

3.3.5. Trust-Based Routing Protocols 

Trust-based routing protocols are a class of routing 
techniques that choose the most dependable and trustworthy 

nodes for packet forwarding based on trust metrics. Using 

these protocols in MANETs can help to maximize the packet 

delivery ratio. 

It is possible to modify nodes' trust values according to 

their network behaviour by using dynamic trust management 

techniques. Only the most reliable nodes are chosen for packet 

forwarding because unreliable nodes are punished, and 

reliable nodes are rewarded. Malicious nodes cannot disrupt 

the network by using secure routing techniques like 

cryptographic authentication and key management. To 

determine the most dependable paths for packet forwarding, 
one can employ trust-based multipath routing, which employs 

multiple paths to forward packets to the destination node. 

Reputation, history, and recommendation are examples of 

trust-based routing metrics that assess nodes' reliability and 

choose the ones with the highest trust values for packet 

forwarding. 

In conclusion, trust-based routing protocols have the 

potential to greatly increase the network's efficiency and 

dependability in MANETs. 

3.4. End-to-End Delay Optimization Approaches 

In MANETs, end-to-end latency is an essential 
performance metric that affects user experience and quality of 

service. Reduced throughput, higher packet loss, and worse 

application performance can all result from excessive delay. 

The length of the route, congestion, packet size, and efficiency 

of the routing protocol are the factors that determine the end-

to-end delay. Application requirements and network 

characteristics determine the selected approach. The following 

are a few typical methods for end-to-end delay optimization in 

MANETs. 

3.4.1. Congestion Control 

To optimize MANETs and avoid network congestion, 

which can result in lower performance, higher packet loss, and 
higher latency, congestion control is an essential technique. 

To guarantee the effective and equitable use of the resources 

at hand, it attempts to control traffic flow. 

To control traffic flow and avoid congestion, several 

network protocol stack layers work together in cross-layer 

congestion control. It is possible to modify sending rates 

because the routing layer informs the transport layer about 

congestion levels and available bandwidth. Using a unique 

flag to indicate network congestion is another method known 
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as Explicit Congestion Notification (ECN). The sender can 

lower the sending rate to avoid congestion when it receives a 

packet with the ECN flag. Queue-based congestion control 

modifies the sending rate in response to queue size, 

monitoring the size of the network queue. To avoid 

overloading and congestion, rate-based congestion control 
adjusts data transfer rates based on network conditions. To 

minimize the number of packets that must wait for an 

acknowledgement, window-based congestion control 

modifies the sender's window size in response to feedback 

from the network or receiver. When the sender detects 

congestion, it can avoid overloading the network and prevent 

congestion by reducing the window size. 

To sum up, congestion control is an essential method for 

MANET optimization that guarantees equitable and effective 

use of the available resources. 

3.4.2. Load Balancing 

To maximize network performance, end-to-end 
optimization in MANETs focuses on optimizing elements like 

load distribution, data transfer, and routing. One way to 

accomplish this is by using load-balancing techniques. 

Adapting load distribution choices in response to shifting 

network circumstances, such as node mobility, availability, 

and topology changes, is known as adaptive load balancing. A 

centralized entity controls network traffic and routes it to the 

right nodes in a centralized load-balancing system. Given that 

MANETs function in a decentralized manner, this method 

might not be appropriate. By dividing up load-balancing 

decisions among several nodes, distributed load balancing 
enables each node to keep an eye on loads of both its own and 

its neighbours’ nodes and adjust its strategy as necessary. 

Because it is decentralized and does not rely on a single point 

of failure, this method is better suited for MANETs. QoS-

based load balancing prioritizes traffic according to variables 

such as latency, jitter, and throughput. It takes QoS 

requirements into account when making load-balancing 

decisions. 

In conclusion, load balancing is essential for MANETs, 

and because distributed and adaptive load-balancing 

techniques are more flexible and decentralized, they work 

better in changing network environments. Optimizing the 
network for application requirements is another use for QoS-

based load balancing. 

3.4.3. Localized Route Repair 

In MANETs, localized route repair is a decentralized 

method for mending broken routes without the need for a 

centralized organization like a network controller. Through 

the ability to quickly recover from routing failures and 

maintain effective data transfer, this technique enhances end-

to-end optimization. 

It is possible to minimize control overhead and improve 

route repair delay by using localized flooding to quickly 

spread information about link or node failures. Notifying 

impacted nodes of a link failure via neighbour notification can 

also lower control overhead and increase network scalability. 

Route caching enables the fast repair of interrupted routes in 
the event of a link failure by storing previously found routes 

to a destination node. 

In addition to being more scalable and efficient than 

centralized route repair techniques, localized route repair can 

adapt to changes in network topology and traffic patterns and 

reduce packet loss and latency caused by routing failures. 

These benefits make localized route repair an excellent choice 

for end-to-end optimization in MANETs. This guarantees that 

the network is always configured to maximize the available 

resources. 

3.4.4. Multi-Channel and Multi-Interface Approaches 

Techniques for maximizing the performance of MANETs 
include multi-channel and multi-interface approaches. These 

techniques improve data transfer reliability, decrease 

interference, and expand network capacity. 

Using multiple channels for data transfer, channel 

hopping entails nodes periodically switching between 

channels to prevent interference. Using intelligent radios, 

cognitive radio dynamically detects available channels and 

chooses the optimal channel for data transfer. This maximizes 

resource usage by adjusting to shifting network conditions. 

Hybrid approaches offer a flexible and adaptable solution by 

combining several techniques to optimize network 
performance. Using multiple paths for data transfer, multi-

path routing chooses them based on reliability, latency, and 

bandwidth measurements. This lowers the chance of a 

network failure and improves data transfer reliability. Nodes 

with multiple radio interfaces can send and receive data 

simultaneously on various channels thanks to multi-radio 

interfaces. Through capacity expansion, interference 

reduction, and interference reduction, these methods can 

enhance network performance. In conclusion, multi-channel 

and multi-interface techniques are useful for improving 

network capacity, decreasing interference, and improving data 

transfer reliability in MANETs, as well as for end-to-end 
optimization. 

3.4.5. Quality-of-Service Routing 

A key technique in MANETs to guarantee the network 

satisfies the QoS requirements of the applications operating on 

it is quality-of-service routing. It entails deciding which data 

transfer path is optimal given the application's QoS 

requirements and the network resources at hand. There are 

several applications for QoS routing, including multi-

objective optimization, energy-efficient routing, bandwidth-

aware routing, delay-sensitive routing, and reliability-aware 

routing. 
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By choosing the data transfer path with the maximum 

available bandwidth, bandwidth-aware routing makes sure the 

application has enough bandwidth to meet its needs. To 

guarantee that the application's delay requirements are 

satisfied, delay-sensitive routing chooses the path with the 

lowest end-to-end delay. Energy-efficient routing preserves 
battery life, satisfies QoS requirements, and reduces network 

energy consumption over time. By simultaneously optimizing 

several goals, multi-objective optimization improves network 

performance overall and empowers nodes to choose the best 

data transfer path. Reliability-aware routing chooses the data 

transfer path with the best reliability, guaranteeing error-free 

data delivery to the application. 

To sum up, QoS routing ensures that the network satisfies 

the QoS requirements of the applications that operate on it. It 

is a useful technique for end-to-end optimization in MANETs. 

3.5. Security Optimization Approaches 

In MANETs, security is a crucial performance factor that 
influences the dependability and efficiency of the network. 

Preventing denial-of-service attacks, illegal access, and data 

manipulation is crucial. Measures such as Packet Delivery 

Ratio (PDR), overhead, energy consumption, and end-to-end 

delay can be used to assess security. Low latency denotes 

effective data transfer, while high PDR denotes secure 

operations. Increased overhead may result from the extra data 

that security measures introduce. High energy usage can lead 

to node power outages, which lowers network dependability. 

To determine the efficacy of security mechanisms and 

implement the necessary changes to enhance network 
security, it is imperative to evaluate security as a performance 

parameter. For an evaluation to be impartial and accurate, 

network security performance must be the primary focus of 

the evaluation. Here are some of the different security 

optimization approaches in MANET: 

3.5.1. Anomaly Detection 

MANETs, which are dynamic networks with frequent 

node changes and are therefore susceptible to attacks and 

security threats, use anomaly detection as a technique for 

security optimization. By spotting unusual or suspicious 

network behaviour, it aids in the detection and prevention of 

security breaches. 

Machine learning, rule-based, signature-based, and 

statistical analysis are methods for detecting anomalies in 

MANETs. While rule-based detection makes use of 

predefined rules based on known attack scenarios, machine 

learning uses historical data to train models to identify 

abnormal behaviour. By comparing node behaviour with 

known attack signatures, signature-based detection flags 

suspicious behaviour when it does. Finally, statistical analysis 

examines network behaviour using metrics like variance, 

mean, and standard deviation and marks unusual behaviour as 

suspicious. Overall, anomaly detection optimizes security in 

MANETs by detecting abnormal or suspicious behaviour, 

preventing attacks, and reducing the risk of security breaches. 

3.5.2. Authentication 

Authentication is necessary in MANETs to guarantee 

security because it confirms nodes' identities and stops illegal 

access to network resources. There are many ways to 
implement authentication, such as public-key cryptography, 

password-based, biometric, and certificate-based methods. 

Biometric features, which can be stored on safe gadgets like 

smart cards or mobile phones, are used in biometric 

authentication to verify nodes. These features include 

fingerprints, facial recognition, and voice recognition. 

Using digital certificates from reputable authorities, 

nodes can authenticate one another using certificate-based 

authentication. For nodes to access network resources through 

password-based authentication, they must input a password or 

shared secret, which can be shared via physical exchange or 

secure channels like encryption. Public-key cryptography 
verifies network nodes using two keys: a public key and a 

private key. Every node has its pair of public and private keys. 

To authenticate itself to another node, a node encrypts a 

message using the public key of that node, which can only be 

unlocked with the matching private key. All things 

considered, authentication helps maximize security in 

MANETs by confirming nodes' identities and thwarting illegal 

access to network resources. 

3.5.3. Cryptography-Based Approaches 

Techniques based on cryptography are essential for 

optimizing security in MANETs. These techniques convert 
data into a format that is only accessible to authorized parties 

by using mathematical algorithms. They guarantee the 

authenticity of messages in MANETs by offering data 

confidentiality, integrity, and authentication. 

Message authenticity is confirmed via digital signatures 

that are created with the sender's private key. Data integrity is 

maintained by hash functions, which convert data into a fixed-

size output and check that the data hasn't been altered in 

transit. Key public to encrypt and decrypt data, cryptography 

uses a pair of keys: a public key and a private key. Every node 

shares a distinct pair of public and private keys with other 

nodes. Data is encrypted and decrypted using a shared secret 
key in symmetric key cryptography. Secure channels, such as 

physical exchange or encryption, are used to transfer data 

between communicating nodes. Overall, by ensuring data 

confidentiality, integrity, and authentication, cryptography-

based techniques can maximize security in MANETs. 

3.5.4. Intrusion Detection and Prevention Approaches 

The use of Intrusion Detection and Prevention (IDP) 

techniques is essential for improving MANET security. These 

strategies can be either proactive or reactive, with the former 

emphasizing the prevention of attacks before their occurrence. 
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Conversely, reactive IDP uses network traffic analysis and 

malicious activity identification to find and stop ongoing 

attacks. 

Anomaly-based IDP, which examines network traffic and 

spots anomalies in node behaviour, is one IDP technique for 

security optimization in MANETs. It can detect assaults like 
insider threats, zero-day attacks, and novel iterations of pre-

existing attacks. To enhance security performance and lower 

false positives and false negatives, hybrid IDP combines 

signature-based and anomaly-based techniques. Reputation-

based IDP stops attacks such as black hole and grey hole 

attacks by giving nodes trust scores based on their prior 

network behaviour. Using a database of recognized attack 

signatures, signature-based intrusion detection protects 

against threats such as viruses, worms, and denial-of-service 

attacks. 

In conclusion, IDP techniques can enhance network 

security in MANETs by identifying and stopping malicious 
activity that jeopardizes network resource availability, 

confidentiality, and integrity. The needs and limitations of the 

MANET, such as network topology, size, and traffic patterns, 

determine which IDP technique is best. 

3.5.5. Reputation-Based Systems 

Reputation-based systems are an essential technique for 

MANET security optimization. By using historical node 

behaviour to gauge a node's trustworthiness, these systems 

improve network security by identifying and isolating 

malicious nodes and thwarting attacks. Collaborative filtering, 

which assesses a node's reputation based on the opinions of 
other nodes, is a feature of some of these systems that can help 

stop attacks like routing and packet dropping. 

As an additional reputation-based system, distributed 

Bayesian reputation evaluates a node's reputation based on its 

historical behaviour by utilizing Bayesian statistics. In 

addition to preventing attacks like black holes and selective 

forwarding, this can assist in identifying malicious nodes. 

Eigen Trust is an additional reputation-based system that 

assesses a node's reputation based on its interactions with 

other nodes using a global trust metric. This can assist in 

locating malicious nodes and thwarting assaults such as Sybil 

attacks. Peer Trust is an additional reputation-based system 
that assesses a node's reputation using direct feedback from its 

neighbours. This technique can assist in locating malicious 

nodes and stop assaults such as routing attacks. 

The selection of a reputation-based system is contingent 

upon the needs of the MANET, including traffic patterns, 

network topology, and size. One way to maximize security in 

MANETs and guarantee the network's ongoing security and 

dependability is to combine reputation-based systems with 

other security measures like cryptography and intrusion 

detection. 

4. Selection of Optimization Approach 
4.1. Neighbour-Based Probabilistic Rebroadcast (NCPR) 

Approach 

The Neighbour-Based Probabilistic Rebroadcast 

technique was intentionally chosen for its distinct qualities 

and benefits that coincide with specific network needs. It 

employs a combination of Neighbour coverage-based and 

broadcasting optimization methods [61].  

One important component of the NCPR strategy is its 

reliance on information on neighbour coverage. The technique 

disseminates knowledge throughout the network by using 

information about surrounding nodes' coverage. This 

distribution is especially beneficial since it may be used in 
different ways, establishing a collaborative and synergistic 

atmosphere inside the network. 

The NCPR technique integrates Rebroadcast Delay and 

Rebroadcast Probability, which adds intricacy to packet 

transmission management. This strategic use of 

retransmission delay and computed probability allows the 

strategy to prevent duplicate retransmission of control 

packets, maximizing network resource use. The introduction 

of Rebroadcast Delay allows for a more regulated and efficient 

retransmission procedure, whilst the computed probability 

adds a probabilistic aspect to guarantee prudent packet 
redistribution. 

However, the NCPR technique necessitates node-level 

processing because of its dependence on neighbour coverage 

information and the use of Rebroadcast Delay and 

Rebroadcast Probability. This indicates that each node in the 

network must do processing activities to carry out these 

characteristics, resulting in a more localized and dispersed 

decision-making process. 

One advantage of the NCPR technique is its 

appropriateness for bandwidth-sensitive applications. NCPR 

is especially useful in circumstances where bandwidth saving 

is crucial, as it reduces unnecessary retransmissions and 
optimizes control packet dispersal depending on neighbour 

coverage. This makes these techniques ideal for applications 

and situations where effective bandwidth usage is critical to 

reaching peak network performance. 

In conclusion, the Neighbour-Based Probabilistic 

Rebroadcast approach was chosen for its emphasis on 

leveraging neighbour coverage knowledge, strategic use of 

Rebroadcast Delay and Rebroadcast Probability to avoid 

redundancy, node-level processing capabilities, and 

applicability to bandwidth-sensitive applications. These traits 

combine to establish NCPR as a beneficial optimization 
strategy for solving specific network requirements while also 

adding to the network's overall efficiency and performance. 
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4.2. Adaptive Hello (AH) Messaging Approach 

The Adaptive HELLO message technique stands out as a 

strategic and well-supported solution for network 

optimization, particularly in situations where energy 

conservation is crucial. Unlike standard periodic HELLO 

message exchange techniques, AH implements a dynamic 
modification in the periodicity of HELLO messages based on 

the predicted activity of the node and the network [62]. It is 

like the duty cycling methods mentioned in energy 

optimization approaches. This adaptive feature is critical for 

tailoring communication frequency to the actual needs of the 

network environment. 

By decreasing the frequency of control packet exchanges, 

AH effectively reduces the routing overhead associated with 

HELLO messages. This optimization aims to improve the 

network's overall efficiency by preserving important 

resources. The reduced requirement for exchanges not only 

reduces routing costs but also shortens node activity time. This 
reduction in activity time is an important aspect of the energy 

optimization of individual nodes in the network. 

Energy optimization at the node level is very important 

since it has a direct influence on the network's total lifespan. 

By saving energy resources, AH increases the lifetime of 

individual nodes, hence contributing to the overall network 

infrastructure's sustainability and resilience. This is especially 

important in cases when energy-sensitive applications are 

deployed, and battery power is constrained. 

In practice, the Adaptive HELLO technique becomes the 

favoured option for situations where power conservation is 
critical. For example, in wireless sensor networks or Internet 

of Things (IoT) deployments, where devices are frequently 

battery-powered and might be placed in remote or inaccessible 

areas, the ability to adaptively regulate HELLO message 

exchanges ensures that energy is spent wisely. This flexibility 

is consistent with the unique requirements of energy-sensitive 

applications, making AH an appropriate and justifiable 

optimization strategy for scenarios where effective power 

management and conservation are critical. As a result, the 

Adaptive HELLO messaging technique tackles not only the 

immediate need to lower routing overhead but also the larger 

issues of energy management and network sustainability. 

4.3. Trust-Based Secure and QoS Routing Scheme (TSQRS) 

Approach 

The Trust-Based Secure and QoS Routing Scheme was 

chosen as an optimization strategy because it focuses on 

improving network security and quality of service. It [63] 

utilizes trust-based and fuzzy logic methods. The trust-based 

method used by TSQRS is particularly intriguing since it 

incorporates a full and multidimensional examination of trust 

characteristics. Trust is calculated using characteristics such 

as faithfulness, connection quality, residual energy, and 

closeness degree. This multifaceted trust calculation allows 

for a more sophisticated assessment of network node 

dependability and trustworthiness. 

The use of welcome messages to exchange trust 

information between neighbouring nodes is an important 

aspect of TSQRS. The network keeps track of the 

trustworthiness of its nodes in real-time thanks to frequent 
updates of trust information. This dynamic and adaptive trust 

management technique enables TSQRS to respond efficiently 

to changes in the network environment, ensuring that trust 

evaluations stay reliable over time. 

One significant advantage of TSQRS is its ability to avoid 

untrustworthy nodes, resulting in a more secure 

communication environment. By selectively routing data 

through nodes with proven trust, TSQRS reduces the danger 

of data breach or manipulation by malevolent actors. 

This emphasis on security is especially important in 

situations where data confidentiality and integrity are critical, 

making TSQRS ideal for applications with bandwidth and 
data security requirements. 

Furthermore, the TSQRS technique goes beyond security 

by helping to prioritize data lines. This capability is useful for 

applications that require differentiated services based on 

parameters like bandwidth or data sensitivity. TSQRS may 

improve data routing to favor safe and reliable pathways, 

hence improving the overall quality of service for network 

users. 

In summary, the Trust-Based Secure and QoS Routing 

Scheme was chosen because of its complete trust-based 

methodology, dynamic trust management via welcome 
messages, and subsequent increase in network security and 

QoS. The ability to avoid untrustworthy nodes, together with 

the ability to prioritize data lines, distinguishes TSQRS as a 

strategic choice for applications that require both secure 

communication and high service quality. 

4.4. Cross-Layer (CL) Approach 

The Cross-Layer technique stands out as a strategic 

alternative for network optimization, especially in cases where 

signal quality is prioritized above the standard minimal hop 

count criterion for selecting data lines. By emphasizing signal 

strength, the CL method recognizes that a stronger signal 

frequently translates into a more dependable and efficient 
communication channel. This deviation from the usual hop 

count statistic enables a more nuanced selection of data 

connections that meet the network's unique quality of service 

needs. It is a mix of cross-layer, QoS-based traffic engineering 

techniques [64]. 

One of the CL approach's distinguishing qualities is its 

capacity to pick more than one data channel for 

communication based on signal strength, which encourages 
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the use of multipath routing. This multipath routing approach 

improves network fault tolerance and dependability by using 

many pathways for data transfer. While multipath capability 

adds complexity to the routing process, the potential benefits 

of higher QoS and data connection priority make it a 

worthwhile trade-off. 

The CL approach's major goal is to increase QoS, 

highlighting its potential for applications that require real-time 

performance and are intolerant of delays. In circumstances 

requiring minimal end-to-end latency, the CL method shines 

by optimizing data connection selection depending on signal 

strength. This prioritization not only allows for speedier data 

transfer but also assures that the network can fulfil the rigorous 

timing requirements of time-critical applications. 

Furthermore, the CL method is useful in situations where 

priority of data channels is required. By using signal strength 

as a major criterion, the strategy coincides with optimizing 

network resources for greater overall performance. This 
prioritizing is especially important in cases where specific data 

lines are allocated for vital or high-priority communication, 

resulting in a more efficient and responsive network. 

In conclusion, the Cross-Layer strategy was chosen 

because it diverged from typical hop count metrics, emphasis 

on signal strength for data connection selection, and ability to 

accommodate multipath routing. These qualities address the 

unique demands of applications that require improved QoS, 

data link priority, and low end-to-end delay, making the CL 

method an effective optimization technique in a variety of 

network situations. 

4.5. Security Enhancement Approach (SE) Using a Trust-

Based Approach 

The Security Enhancement strategy, which employs trust-

based methodologies, is an intelligent choice for networks in 

which security is a crucial qualitative performance criterion. 

SE's trust-based strategy improves network dependability and 

security. In this context, trust is formed and maintained by 

evaluating the Packet Delivery Ratio (PDR), a statistic that 

measures the success of packet delivery in the network. By 

allocating weightage to nodes based on their PDR, the SE 

method assures that nodes with a history of regularly 

delivering packets are considered more trustworthy [65]. 

One major element of the SE method is the ability to ban 

nodes based on repeat offender criteria. This technology 

improves the network's capacity to detect and isolate rogue 

nodes, helping to prevent black holes, grey holes, and Denial-

of-Service (DoS) assaults. By proactively identifying and 

eliminating nodes with a compromised PDR, the SE method 

dramatically increases the network's resistance to possible 

security attacks. Furthermore, the SE technique is especially 

useful in data-sensitive applications where the secrecy, 

integrity, and dependability of sent information are critical. 

SE's trust-based solutions fit with the necessity for strong 

security measures in circumstances where sensitive data is 

transmitted. The method improves not just the network's 

security posture but also the general trustworthiness of the 

communication infrastructure. 

In conclusion, the Security Enhancement strategy using 
Packet Delivery Ratio and the option to blacklist nodes based 

on their previous behaviour is deliberately chosen for its 

ability to strengthen network security. Its use is well-suited for 

environments with data-sensitive applications, where 

preventing various forms of attacks is critical for ensuring the 

integrity and confidentiality of transmitted data. 

5. Results 
5.1. Simulation Parameters 

The study focuses on assessing protocol performance in 

terms of energy, end-to-end latency, packet delivery ratio, and 

overhead. The study does not address security since it is a 

qualitative criterion that calls for additional research. To take 

into consideration its impact on other factors, an optimization 

technique is added. 

The number of nodes in the first network scenario ranges 

from 20 to 100, while all other parameters stay the same. 

Similar loads and environmental conditions will be used to test 

the procedures; each run will need scenario files that precisely 
detail the movements of every node. A direct comparison of 

performance outcomes is possible because all procedures have 

a 500-second time interval.  

This is followed by comparing the performance of each 

approach with the AODV routing protocol to assess its relative 

influence. The LINUX operating system's Network Simulator 

2 (NS 2.35), along with the Tool Command Language (TCL) 

to implement routing protocols, will be used for the 

simulations. Using the AWK tool, performance indicators will 

be extracted from trace files and displayed in Microsoft Excel 

2019. 

The simulation parameters for the study are as follows: 
There were five different values for the number of nodes: 20, 

40, 60, 80, and 100. The simulation lasted 500 seconds, during 

which time each node travelled at a steady pace of 10 meters 

per second within a topology measuring 1200 by 1200 meters. 

There were 25 Source-Destination (S-D) pairs. Constant Bit 

Rate (CBR), with a bandwidth of 0.4 Mbps and a packet size 

of 512 bytes, was the applied traffic.  

The Random Waypoint mobility model and the TwoRay 

Ground propagation model were both put into practice. The 

configuration of the queue files was Queue/Drop Tail/Prique, 

with a queue length of 50. The channel type was wireless. 
IEEE 802.11 was the foundation for the MAC layer, and an 

Omni Antenna was employed for the antenna type. 
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5.2. Results 

5.2.1. Routing Overhead 

The Neighbour Coverage-based Probabilistic 

Rebroadcast (NCPR) optimization technique provides many 

routing efficiency benefits. First, it significantly reduces 

routing overhead, resulting in a more streamlined and 
resource-efficient network. This is especially important in 

improving the overall performance and responsiveness of the 

communication infrastructure.  

Second, the NCPR technique shows increased bandwidth 

usage, which leads to higher data rates. The optimization not 

only reduces the routing burden but also increases the 

network's data-carrying capacity, resulting in a more stable 

and fast communication environment. 

In contrast, the Adaptable Hello (AH) optimization 

strategy focuses on reducing routing overhead caused by Hello 

messages or control packets. By carefully lowering the 

frequency and effect of these control packets, AH 
optimization reduces wasteful network signals while 

increasing overall efficiency. This focused optimization 

guarantees that network resources are utilised more 

efficiently, resulting in increased dependability and 

responsiveness. 

The Trust-based Secure and QoS Routing Scheme 

(TSQRS) optimization technique makes a complex trade-off. 

While the distribution of trust-based data via welcome 

messages improves network security and dependability, it also 

results in a minor increase in routing cost due to the additional 

control packets required. This technique highlights the 
relevance of security issues while balancing them against the 

necessity for fast routing in a dynamic network environment. 

In the context of the Cross-Layer (CL) optimization 

technique, which includes multipath routing, the trade-off is 

visible in the increased routing overhead. The frequent 

requirement to pick different pathways adds greatly to the 

routing overhead. Although multipath routing improves 

dependability and fault tolerance, it comes at the price of more 

control packet broadcasts, emphasising the importance of 

smart network prioritisation. 

Finally, the Security Enhancement (SE) optimization 

strategy prioritises the removal of harmful nodes to improve 
network security. This systematic elimination of possible 

threats prevents wasteful rebroadcasting of control messages, 

lowering routing overhead. SE optimization aims to improve 

network security and efficiency by removing the disruptive 

effect of hostile entities.  

In summary, each optimization technique offers a distinct 

set of benefits and trade-offs, stressing the necessity of picking 

the best strategy based on the network's requirements and 

goals. 

 
Fig. 1 Routing overhead comparison with varying number of nodes 

5.2.2. Energy Consumption 

The Neighbour Coverage-based Probabilistic 

Rebroadcast (NCPR) optimization strategy, although 

improving routing efficiency, increases node energy 

consumption. This increased energy demand is due to the 

increased processing needs associated with the adoption of 

NCPR. Unfortunately, this increase in energy demand reduces 

the network's overall lifetime. The NCPR optimization 

strategy, while beneficial in certain ways, presents issues in 
sustaining a sustainable and energy-efficient network 

environment, necessitating rigorous trade-off analysis. 

In contrast, the Adaptive Hello (AH) optimization method 

turns out to be more energy-efficient. The reduced energy 

usage is a direct outcome of AH's optimised control packet 

transfers. This strategy not only reduces superfluous signals 

but also increases the network's total longevity. The AH 

optimization finds a compromise between energy efficiency 

and network lifetime, making it an attractive option for 

contexts where resource preservation is a top priority. 

The Trust Based Secure and QoS Routing Scheme 
(TSQRS) optimization strategy adds functionality to improve 

security and quality of service but at the expense of slightly 

increased energy usage. The use of trust-based procedures 

needs more processing, which contributes to a small increase 

in energy consumption. Despite this, the TSQRS method 

provides improved security features while balancing more 

functionality and energy economy. 

In the Cross-Layer (CL) optimization strategy, including 

more nodes in the data delivery process results in a large 

increase in energy usage. While CL optimization improves 

reliability and fault tolerance, it also increases energy demand 

owing to the involvement of more nodes. This underscores the 
importance of carefully weighing energy factors when 

pursuing CL optimization, particularly in circumstances 

where energy efficiency is crucial. 
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In contrast, the Security Enhanced (SE) optimization 

technique does not optimise energy. Despite its emphasis on 

network security by removing rogue nodes, the SE technique 

does not reduce energy usage. This emphasises the necessity 

of considering both security and energy efficiency needs when 

selecting optimization methodologies since the SE strategy 
may be better suited for scenarios that prioritise security above 

energy conservation. Finally, network designers must 

carefully consider the energy implications of each 

optimization strategy with their network requirements to 

achieve an optimal balance of performance and resource 

sustainability. 

 
Fig. 2 Energy consumption comparison with varying numbers of nodes 

5.2.3. Packet Delivery Ratio 

The Neighbour Coverage-based Probabilistic 

Rebroadcast (NCPR) optimization technique is notable for its 

favourable effect on packet delivery performance. By 

enhancing bandwidth usage, NCPR optimises network 

resources, resulting in a greater Packet Delivery Ratio (PDR). 

This increased efficiency guarantees that a greater proportion 

of transmitted packets reach their intended destinations, 
improving the overall dependability of the communication 

network. 

In contrast, the Adaptive Hello (AH) optimization 

strategy poses a problem linked to the selective availability of 

connections. The practice of carefully picking accessible links 

increases the possibility of data transmission across an 

unavailable link, thereby impacting the Packet Delivery Ratio 

(PDR). This demonstrates the tight balance between 

improving network characteristics and the potential negative 

repercussions for data delivery when utilising the AH 

technique. 

The Trust-Based Secure and QoS Routing Scheme 
(TSQRS) optimization strategy uses trust-based routing, 

resulting in a significant increase in data delivery. By reducing 

the likelihood of data transmission over an expired route, 

TSQRS improves network dependability. This trust-based 

mechanism guarantees that data is continually routed via 

dependable pathways, resulting in a higher Packet Delivery 

Ratio (PDR) and better overall network performance. 

The Cross-Layer (CL) optimization strategy makes use of 

the availability of numerous pathways for data transmission, 

resulting in a significant boost in throughput. With more 
routes at its disposal, CL optimization significantly increases 

data delivery capacity, resulting in higher throughput.  

This technique highlights the need to use cross-layer 

knowledge to optimise routing decisions, hence increasing 

network data transmission efficiency. In conclusion, each 

optimization technique has its own set of benefits and 

considerations, underlining the necessity of choosing the best 

strategy based on the network's individual goals and 

requirements. 

In the Security Enhanced (SE) optimization strategy, the 

eradication of rogue nodes acts as a crucial aspect in 

improving the Quality of Service (QoS). By eliminating 
possible risks, SE optimization dramatically enhances the 

network's integrity and resilience. This leads to a significant 

boost in QoS, guaranteeing that supplied data meets or 

exceeds the required level of service. 

 

Fig. 3 Packet delivery ratio comparison with varying number of nodes 

5.2.4. End-to-End Delay 

The Neighbour Coverage-based Probabilistic 

Rebroadcast (NCPR) optimization strategy has a remarkable 

property in terms of end-to-end latency, which remains 

relatively constant. This implies that while the NCPR 

approach focuses on increasing rebroadcasting efficiency 

through neighbour coverage and probabilistic processes, it has 

no substantial influence on the overall time it takes for data to 

travel throughout the network from source to destination. The 

constancy in end-to-end latency demonstrates the success of 
the NCPR strategy in meeting its rebroadcasting goals while 

maintaining fast data delivery. 
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The Adaptive Hello (AH) optimization strategy has an 

undesirable effect on the end-to-end latency, which mirrors 

the reported impact on the Packet Delivery Ratio (PDR). This 

means that the AH approach's strategic modifications, which 

are most likely intended to reduce control packet overhead, 

come at the expense of increasing data transmission delays. 
As a result, the trade-off between control packet optimization 

and end-to-end latency in the AH method emphasises the 

importance of carefully considering network priorities and 

trade-offs. 

The Trust-Based Safe and QoS Routing Scheme 

(TSQRS) optimization technique, which focuses on trust-

based data dissemination and secure routing, results in no 

substantial change in end-to-end latency. This implies that 

while security measures are taken, they are carried out in such 

a way that data delivery remains efficient. The TSQRS 

technique finds a balance between network security and timely 

communication while creating minimal latency. 

In contrast, the Cross-Layer (CL) optimization technique, 

which uses a multipath strategy, greatly lowers the time it 

takes for data to reach target nodes. The multipath method to 

CL optimization improves data delivery efficiency by 

exploiting different channels to reduce latency. This faster 

data transmission demonstrates the benefits of the CL 

approach in scenarios where reducing end-to-end delay is an 

important performance metric despite the complexity of 

managing multiple paths. The Security Enhanced (SE) 

optimization strategy is said to have an end-to-end latency 

comparable to the Ad-hoc On-Demand Distance Vector 
(AODV) routing protocol. This implies that the security 

enhancements supplied by the SE technique do not 

significantly affect the time it takes for data to arrive. 

Fig. 4 End-to-end delay comparison with varying number of nodes 

6. Result Analysis 
Based on the results discussed in the previous section, 

Table 1 compares five optimization algorithms (NCPR, AH, 
TSQRS, CL, and SE) with AODV based on four metrics (end-

to-end latency, packet delivery ratio, routing overhead, and 

energy consumption). Additionally, it displays the overall 

outcome and impact of various methods, with percentages 

denoting variations from a baseline. While the net impact 

assesses the overall influence of the techniques on the 

measures, the net result offers a summary. A net positive 

impact denotes a favourable influence, whereas a net negative 

impact denotes an unfavourable outcome. 

Table 1. Impact of optimisation approaches on the performance of the network 

Optimisation 

Approach 

Routing 

Overhead 

Energy 

Consumption 

Packet Delivery 

Ratio 

End-to-End 

Delay 

NCPR -15.78% 30.82% 4.20% -0.44% 

AH -8.03% -9.06% -3.19% 7.05% 

TSQRS 8.39% 16.10% 8.27% 3.87% 

CL 8.16% 22.83% 4.10% -12.99% 

SE -2.75% -0.81% 4.61% -2.41% 

Net Result -10.02% 59.87% 18.00% -4.91% 

Net Impact 
Positive 

(Desired) 

Negative 

(Undesired) 

Positive 

(Desired) 

Positive 

(Desired) 

6.1. Observation, Cause and Impact 

6.1.1. Routing Overhead 

 Observation: NCPR shows a significant reduction in 

routing overhead (-15.78%). 

Cause: This is expected as the NCPR approach 

specifically targets to optimize the routing overhead. 

Impact: This suggests an increase in the efficiency of 

routing procedures. 

 Observation: AH also demonstrates a decrease in routing 

overhead, but to a lesser level (-8.03 per cent). 
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Cause: The reduction in routing overhead results from the 

adaptive and controlled dissemination of control packets 

(Hello messages). 

Impact: This indicates a beneficial effect on the network's 

resource consumption and signalling efficiency. 

 Observation: TSQRS and CL show similar and positive 
percentages (8.39 per cent and 8.16 per cent, 

respectively), indicating a rise in routing overhead. 

Cause: The increase in routing overhead is due to high 

processing needs. 

Impact: This implies that these techniques may impose 

extra signalling or computational loads on the network. 

 Observation: SE optimization decreases routing overhead 

marginally (-2.75 per cent), which contributes to 

increased efficiency, but to a smaller extent than NCPR 

and AH. 

Cause: Due to the trust-based strategy in SE and enhanced 
security, the overall overhead is reduced by eliminating 

untrustworthy nodes that would otherwise cause issues 

like denial of service and flooding. 

Impact: Slight improvement in routing overhead. 

6.1.2. Energy Consumption 

 Observation: NCPR causes a large increase in energy 

consumption (30.82 per cent), suggesting a trade-off 

between routing efficiency and energy efficiency. 

Cause: Higher processing at the node level may 

contribute to this increase. 

Impact: High computational requirements come at the 

cost of higher energy requirements. 

 Observation: AH comes up as an energy-efficient 

optimization strategy, with a negative percentage (-9.06 

per cent), signifying a decrease in energy use. 

Cause: This is expected as the AH approach is specifically 

designed for energy optimization. 

Impact: AH is the most effective at reducing needless 

energy-intensive network processes. 

 Observation: TSQRS and CL have positive energy 

consumption percentages (16.10 per cent and 22.83 per 

cent, respectively). 

Cause: The major cause of energy inefficiencies of these 
methods is their intensive resource requirements. 

Impact: Both techniques are highly energy inefficient. 

 Observation: SE optimization results in a minor reduction 

in energy consumption (-0.81 per cent). 

Cause: Due to the inherent architecture of the SE 

approach, it maintains energy neutrality. 

Impact: The SE approach has no substantial energy 

optimization impact. 

6.1.3. Packet Delivery Ratio 

 Observation: NCPR and CL have a favourable influence 

on the packet delivery ratio (4.20 per cent and 4.10 per 
cent, respectively). 

 

Cause: This is due to robust architecture in terms of 

throughput by both strategies. 

Impact: Better throughput is achieved. 

 Observation: AH has an unfavourable impact on the 

packet delivery ratio (-3.19 %) 

Cause: Due to the selective forwarding of control packets, 
the chances of sending data through an unavailable path 

increase. 

Impact: There is a trade-off between energy efficiency 

and packet delivery ratio in this approach. 

 Observation: TSQRS and SE have the most beneficial 

influence on the packet delivery ratio (8.27 per cent and 

4.61%, respectively). 

Cause: These approaches are inherently focused on 

quality of service, which in turn increases the throughput. 

Impact: Increased dependability in packet delivery. 

6.1.4. End-to-End Delay 

 Observation: AH produces a positive end-to-end delay 

(7.05 per cent). 

Cause: Due to the selective exchange of hello messages, 

the chances of misdetection of a broken link are higher. 

This results in increased delays. 

Impact: An increase in the time required for data to travel 

the network. 

 Observation: TSQRS had an unfavourable influence on 

end-to-end delay, and SE had a favourable influence on 

end-to-end delay (3.87 per cent and -2.41 per cent, 

respectively). 

Cause: Though both approaches prioritise the quality of 
service, the trust-based approach is more prone to delays 

as compared to the SE approach. 

Impact: TSQRS leads to a longer delay, and SE indicates 

a decrease, almost negating each other’s impact. 

 Observation: NCPR and CL have negative percentages of 

end-to-end latency (-0.44 per cent and -12.99 per cent, 

respectively). 

Cause: NCPR’s insignificant impact and CL’s significant 

impact are understandable, as CL is a dedicated approach 

to improve end-to-end delay. 

Impact: NCPR has an insignificant impact on delays, 
while Cl provides significantly improved data delivery 

timing. 

6.2. Net Result and Net Impact 

 A 10.02% decrease in routing overhead indicates 

increased control message overhead efficiency within the 

network. This is advantageous because it lessens the 

additional load on the network, which may result in 

increased throughput and decreased congestion. 

 The notable rise in energy consumption (by 59.87%) 

suggests that although routing efficiency may have 

increased, total energy consumption has increased. This 
might be the result of increased activity or the energy 

expenditures incurred by applying specific optimization 
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techniques. Higher energy consumption can result in 

higher operating costs and shorter battery life for devices 

with limited energy, so this is an undesirable outcome. 

 The network can now successfully deliver packets to their 

destinations because of the significant improvement in 

the packet delivery ratio of 18.00%. This enhancement is 
essential because it directly affects the network's efficacy 

and dependability, improving user experience and 

reducing data loss. 

 The 4.91% decrease in end-to-end latency indicates that 

packets are getting to their destination faster. Reduced 

latency is essential for real-time communication 

applications like VoIP and streaming. This enhancement 

suggests that the network is now more responsive, which 

enhances performance. 

 Positive results include a decrease in end-to-end delay, an 

increase in packet delivery ratio, and a reduction in 
routing overhead. When taken as a whole, these elements 

improve user experience, dependability, and network 

efficiency. On the other hand, the rise in energy usage is 

a serious worry. Higher energy costs may outweigh some 

of these benefits, even though other metrics indicate 

improvement. To achieve a more sustainable network 

operation, future optimizations should strive to strike a 

balance between energy efficiency and performance 

improvements. The results demonstrate the trade-offs and 

various implications linked to each optimization 

technique, highlighting the necessity of considering a 

variety of metrics in a balanced way when deciding which 
course of action is optimal for a given network scenario. 

7. Conclusion 
Research has produced a more sophisticated knowledge 

of network reactions to different routing schemes, shedding 

light on both strengths and limitations. By investigating trade-

offs and inherent flaws, researchers may make more educated 
judgments regarding their uses. Analysing each approach's 

effect on routing performance allows researchers to 

extrapolate its usefulness in improving certain parameters or 

addressing specific network situations. This complete 

examination provides insights into the synergies between 

various techniques, which may lead to the construction of an 

ideal set of interconnected strategies for an efficient routing 

protocol while ensuring that no performance criteria are 

negatively impacted. 

Optimization techniques in routing protocols provide 

adequate performance for specified parameters, matching the 

demands of critical applications. The integration of various 

techniques as modules demonstrates a feasible strategy for 

unique application requirements. For example, in real-time 

applications that prioritise end-to-end latency, a customised 

combination of modules can be used, even at the expense of 

bandwidth. However, depending entirely on a solo strategy 

fails to provide comprehensive routing performance.  

This highlights the rising demand for hybrid routing 

protocols that smoothly incorporate several components, 

resulting in an overall improvement in routing performance. 

The possible trade-offs between these techniques, which 

reflect the rising complexity of the routing process, necessitate 

careful selection and integration.While the use of several 

techniques improves routing performance, it also increases 

processing demands and energy consumption. As a result, 

there should be more focus on energy optimization. 

Furthermore, application flexibility emerges as critical, 

underlining the importance of flexible techniques in the 

dynamic world of network routing. 

For overall routing performance, various and complete 

sets of techniques are required, which necessitates the 

establishment of a central authority to manage these 

approaches. This central authority is required for system-wide 

implementation and correlation among approaches. Hello 

messages, which act as control messages in network nodes, 

allow a periodic interchange of information while keeping 

track of the current topology and other relevant parameters. 

Their periodic nature guarantees stability and flexibility in the 

network, making them an appropriate correlation factor. This 

correlation factor allows for the employment of different 
techniques in a single complete hybrid routing protocol, 

resulting in application universality. 

When it comes to impact analysis, the interoperability of 

approaches how they complement one another and the level of 

performance trade-offs is always a priority. Future research 

should focus on application universality, compatibility, the 

lack of conflicting techniques, and enhancements over the 

current system. 

Acknowledgements  
The authors are sincerely thankful to the anonymous 

reviewers for their critical comments and suggestions to 

improve the quality of the paper. The authors are thankful to 

Integral University, Lucknow, for providing the necessary 

facilities to conduct this research and the Manuscript 

Communication Number (MCN) for this manuscript is 

IU/R&D/2024-MCN0002868.

References  
[1] Yuan Liu et al., “Detection of Spectrum Misuse Behavior in Satellite-Terrestrial Spectrum Sensing Based on Multi-Hypothesis Tests,” 

IEEE Access, vol. 8, pp. 50399-50413, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[2] Peng Wang et al., “Convergence of Satellite and Terrestrial Networks: A Comprehensive Survey,” IEEE Access, vol. 8, pp. 5550-5588, 

2020. [CrossRef] [Google Scholar] [Publisher Link] 

https://doi.org/10.1109/ACCESS.2020.2980418
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Detection+of+Spectrum+Misuse+Behavior+in+Satellite-Terrestrial+Spectrum+Sensing+Based+on+Multi-Hypothesis+Tests&btnG=
https://ieeexplore.ieee.org/abstract/document/9033962
https://doi.org/10.1109/ACCESS.2019.2963223
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Convergence+of+Satellite+and+Terrestrial+Networks%3A+A+Comprehensive+Survey&btnG=
https://ieeexplore.ieee.org/abstract/document/8946626


Tanay Jaiswal & N.R. Kidwai / IJECE, 11(10), 1-23, 2024 

 

21 

[3] Yeqiu Xiao, Jin Liu, and Shuangrui Zhao, “Security-Reliability Tradeoffs for Dual-Hop Satellite Communication Systems with AF 

Relaying Protocol,” Journal of Networking and Network Applications, vol. 2, no. 2, pp. 68-77, 2022.  [CrossRef] [Google Scholar] 

[Publisher Link] 

[4] Debin Wei et al., “Satellite Network Resource Association Analysis and Collaborative Optimization Method,” Proceedings of the 3rd 

International Conference on Computer Engineering, Information Science & Application Technology (ICCIA 2019), vol. 90, pp. 42-52, 

2019. [CrossRef] [Google Scholar] [Publisher Link] 

[5] Hayder Al-Hraishawi, Symeon Chatzinotas, and Björn Ottersten, “Broadband Non-Geostationary Satellite Communication Systems: 

Research Challenges and Key Opportunities,” 2021 IEEE International Conference on Communications Workshops (ICC Workshops), 

Montreal, QC, Canada, pp. 1-6, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[6] Pietro Tedeschi, Savio Sciancalepore, and Roberto Di Pietro, “Satellite-based Communications Security: A Survey of Threats, Solutions, 

and Research Challenges,” Computer Networks, vol. 216, pp. 1-18, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[7] Anas A. Bisu et al., “A Framework for End-to-End Latency Measurements in a Satellite Network Environment,” 2018 IEEE International 

Conference on Communications (ICC), Kansas City, MO, USA, pp. 1-6, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[8] Riccardo De Gaudenzi, Marco Luise, and Luca Sanguinetti, “The Open Challenge of Integrating Satellites into (Beyond-) 5G Cellular 

Networks,” IEEE Network, vol. 36, no. 2, pp. 168-174, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[9] Joan A. Ruiz-De-Azúa, Adriano Camps, and Anna Calveras Augé, “Benefits of Using Mobile Ad-Hoc Network Protocols in Federated 

Satellite Systems for Polar Satellite Missions,” IEEE Access, vol. 6, pp. 56356-56367, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[10] Xiushe Zhang et al., “Virtual Agent Clustering Based Mobility Management over the Satellite Networks,” IEEE Access, vol. 7, pp. 89544-

89555, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[11] Jia Liu, Yang Xu, and Zhao Li, “Resource Allocation for Performance Enhancement in Mobile Ad Hoc Networks,” IEEE Access, vol. 7, 

pp. 73790-73803, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[12] Néstor J. Hetnández Marcano, Jonas Gabs Fugl Nørby, and Rune Hylsberg Jacobsen, “On Ad hoc On-Demand Distance Vector Routing 

in Low Earth Orbit Nanosatellite Constellations,” 2020 IEEE 91st Vehicular Technology Conference (VTC2020-Spring), Antwerp, 

Belgium, pp. 1-6, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[13] Sunil Kumar Singh, and Jay Prakash, “Energy Efficiency and Load Balancing in MANET: A Survey,” 2020 6th International Conference 

on Advanced Computing and Communication Systems (ICACCS), Coimbatore, India, pp. 832-837, 2020. [CrossRef] [Google Scholar] 

[Publisher Link] 

[14] Sudhir K. Routray, and Habib Mohammed Hussein, “Satellite Based IoT Networks for Emerging Applications,” arXiv, pp. 1-5, 2018. 

[CrossRef] [Google Scholar] [Publisher Link] 

[15] Gilles Charbit et al., “Space-Terrestrial Radio Network Integration for IoT,” 2020 2nd 6G Wireless Summit (6G SUMMIT), Levi, Finland, 

pp. 1-5, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[16] Yaohua Sun et al., “Integrated Satellite-Terrestrial Networks: Architectures, Key Techniques, and Experimental Progress,” IEEE Network, 

vol. 36, no. 6, pp. 191-198, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[17] Xiaoye Xie et al., “Performance Evaluation of Ad-hoc Routing Protocols in Hybrid MANET-Satellite Network,” Machine Learning and 

Intelligent Communications, vol. 251, pp. 500-509, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[18] Andre-Jan Merts, and Arno Barnard, “Simulating MANETS: A Study Using Satellites with AODV and AntHocNet,” 2016 Pattern 

Recognition Association of South Africa and Robotics and Mechatronics International Conference (PRASA-RobMech), Stellenbosch, 

South Africa, pp. 1-5, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

[19] Naveen Kumar Chaudhary, “MANET-Satellite Network Interoperability Issues and Challenges : An Overview,” International Journal of 

Trend in Research and Development, vol. 3, no. 3, pp. 537-539, 2016. [Google Scholar] [Publisher Link] 

[20] Ye Miao et al., “Study on Research Challenges and Optimization for Internetworking of Hybrid MANET and Satellite Networks,” Lecture 

Notes of the Institute for Computer Sciences, Social Informatics and Telecommunications Engineering, vol. 123, pp. 90-101, 2013. 

[CrossRef] [Google Scholar] [Publisher Link] 

[21] Monia Hamdi, Laurent Franck, and Xavier Lagrange, “Gateway Placement in Hybrid MANET-Satellite Networks,” 2012 IEEE Vehicular 

Technology Conference (VTC Fall), Quebec City, QC, Canada, pp. 1-5, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[22] F.L.C. Ong et al., “Fusion of Digital Television, Broadband Internet and Mobile Communications- Part I : Enabling Technologies,” 

International Journal Satellite Communication and Networking, vol. 25, no. 4, pp. 363-407, 2007. [CrossRef] [Google Scholar] [Publisher 

Link] 

[23] Ijaz Ahmad et al., “Security of Satellite-Terrestrial Communications: Challenges and Potential Solutions,” IEEE Access, vol. 10, pp. 

96038-96052, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[24] Luca Boero et al., “Satellite Networking Integration in the 5G Ecosystem: Research Trends and Open Challenges,” IEEE Network, vol. 

32, no. 5, pp. 9-15, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[25] Kun Lu et al., “Applications and Prospects of Artificial Intelligence in Covert Satellite Communication: A Review,” Science China 

Information Sciences, vol. 66, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

https://doi.org/10.33969/J-NaNA.2022.020202
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Security-Reliability+Tradeoffs+for+Dual-Hop+Satellite+Communication+Systems+with+AF+Relaying+Protocol&btnG=
https://iecscience.org/jpapers/106
https://doi.org/10.2991/iccia-19.2019.7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Satellite+Network+Resource+Association+Analysis+and+Collaborative+Optimization+Method&btnG=
https://www.atlantis-press.com/proceedings/iccia-19/125913099
https://doi.org/10.1109/ICCWorkshops50388.2021.9473786
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Broadband+Non-Geostationary+Satellite+Communication+Systems%3A+Research+Challenges+and+Key+Opportunities&btnG=
https://ieeexplore.ieee.org/abstract/document/9473786
https://doi.org/10.1016/j.comnet.2022.109246
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Satellite-based+communications+security%3A+A+survey+of+threats%2C+solutions%2C+and+research+challenges&btnG=
https://www.sciencedirect.com/science/article/pii/S138912862200319X
https://doi.org/10.1109/ICC.2018.8422913
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Framework+for+End-to-End+Latency+Measurements+in+a+Satellite+Network+Environment&btnG=
https://ieeexplore.ieee.org/abstract/document/8422913
https://doi.org/10.1109/MNET.011.2100116
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Open+Challenge+of+Integrating+Satellites+into+%28Beyond-%29+5G+Cellular+Networks&btnG=
https://ieeexplore.ieee.org/abstract/document/9743960
https://doi.org/10.1109/ACCESS.2018.2871516
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Benefits+of+Using+Mobile+Ad-Hoc+Network+Protocols+in+Federated+Satellite+Systems+for+Polar+Satellite+Missions&btnG=
https://ieeexplore.ieee.org/abstract/document/8468973
https://doi.org/10.1109/ACCESS.2019.2926432
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Virtual+Agent+Clustering+Based+Mobility+Management+over+the+Satellite+Networks&btnG=
https://ieeexplore.ieee.org/abstract/document/8753499
https://doi.org/10.1109/ACCESS.2019.2921075
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Resource+Allocation+for+Performance+Enhancement+in+Mobile+Ad+Hoc+Networks&btnG=
https://ieeexplore.ieee.org/abstract/document/8731903
https://doi.org/10.1109/VTC2020-Spring48590.2020.9128736
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=On+Ad+hoc+On-Demand+Distance+Vector+Routing+in+Low+Earth+Orbit+Nanosatellite+Constellations&btnG=
https://ieeexplore.ieee.org/abstract/document/9128736
https://doi.org/10.1109/ICACCS48705.2020.9074398
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Energy+Efficiency+and+Load+Balancing+in+MANET%3A+A+Survey&btnG=
https://ieeexplore.ieee.org/abstract/document/9074398
https://doi.org/10.48550/arXiv.1904.00520
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Satellite+Based+IoT+Networks+for+Emerging+Applications&btnG=
https://arxiv.org/abs/1904.00520
https://doi.org/10.1109/6GSUMMIT49458.2020.9083854
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Space-terrestrial+radio+network+integration+for+IoT&btnG=
https://ieeexplore.ieee.org/abstract/document/9083854
https://doi.org/10.1109/MNET.106.2100622
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Integrated+Satellite-Terrestrial+Networks%3A+Architectures%2C+Key+Techniques%2C+and+Experimental+Progress&btnG=
https://ieeexplore.ieee.org/abstract/document/9839623
https://doi.org/10.1007/978-3-030-00557-3_49
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Performance+evaluation+of+ad-hoc+routing+protocols+in+hybrid+MANET-satellite+networ&btnG=
https://link.springer.com/chapter/10.1007/978-3-030-00557-3_49
https://doi.org/10.1109/RoboMech.2016.7813192
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Simulating+MANETS%3A+A+study+using+satellites+with+AODV+and+AntHocNet&btnG=
https://ieeexplore.ieee.org/abstract/document/7813192
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=MANET-Satellite+Network+Interoperability+Issues+and+Challenges%E2%80%AF%3A+An+Overview&btnG=
https://www.ijtrd.com/papers/IJTRD3909.pdf
https://doi.org/10.1007/978-3-319-02762-3_8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+on+research+challenges+and+optimization+for+internetworking+of+hybrid+MANET+and+satellite+networks&btnG=
https://link.springer.com/chapter/10.1007/978-3-319-02762-3_8
https://doi.org/10.1109/VTCFall.2012.6399355
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gateway+Placement+in+Hybrid+MANET-Satellite+Networks+&btnG=
https://ieeexplore.ieee.org/abstract/document/6399355
https://doi.org/10.1002/sat.879
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fusion+of+digital+television%2C+broadband+Internet+and+mobile+communications%E2%80%94Part+I%3A+Enabling+technologies&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/sat.879
https://onlinelibrary.wiley.com/doi/abs/10.1002/sat.879
https://doi.org/10.1109/ACCESS.2022.3205426
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Security+of+Satellite-Terrestrial+Communications%3A+Challenges+and+Potential+Solutions&btnG=
https://ieeexplore.ieee.org/abstract/document/9882109
https://doi.org/10.1109/MNET.2018.1800052
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Satellite+Networking+Integration+in+the+5G+Ecosystem%3A+Research+Trends+and+Open+Challenges&btnG=
https://ieeexplore.ieee.org/abstract/document/8473415
https://doi.org/10.1007/s11432-022-3566-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Applications+and+prospects+of+artificial+intelligence+in+covert+satellite+communication%3A+a+review&btnG=
https://link.springer.com/article/10.1007/s11432-022-3566-4


Tanay Jaiswal & N.R. Kidwai / IJECE, 11(10), 1-23, 2024 

 

22 

[26] Ye Miao et al., “Comparison Studies of MANET-Satellite and MANET-Cellular Networks Integrations,” 2015 International Conference 

on Wireless Communications & Signal Processing (WCSP), Nanjing, China, pp. 1-5, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[27] Ramon Ferrús et al., “Enhancing Satellite & Terrestrial Networks Integration through NFV / SDN Technologies,” Multimedia 

Communications Technical Committee, IEEE Communications Society E-letter, vol. 10, no. 4, pp. 17-21, 2015. [Google Scholar] 

[Publisher Link] 

[28] Kamaldeep Kaur, and Lokesh Pawar, “Review of Various Optimization techniques in MANET Routing Protocols,” International Journal 

of Science, Engineering and Technology Research, vol. 4, no. 8, pp. 2830-2833, 2015. [Google Scholar] 

[29] Xavier Artiga et al., “Terrestrial-Satellite Integration in Dynamic 5G Backhaul Networks,” 2016 8th Advanced Satellite Multimedia Systems 

Conference and the 14th Signal Processing for Space Communications Workshop (ASMS/SPSC), Palma de Mallorca, Spain, pp. 1-6, 2016. 

[CrossRef] [Google Scholar] [Publisher Link] 

[30] Huimin Cao et al., “MANet: A Network Architecture for Remote Sensing Spatiotemporal Fusion Based on Multiscale and Attention 

Mechanisms,” Remote Sensing, vol. 14, no. 18, pp. 1-21, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[31] Nahid Ebrahimi Majd et al., “Evaluation of Parameters Affecting the Performance of Routing Protocols in Mobile Ad Hoc Networks 

(MANETs) with a Focus on Energy Efficiency,” Advances in Information and Communication, vol. 70, pp. 1210-1219, 2020. [CrossRef] 

[Google Scholar] [Publisher Link] 

[32] Abu Zafar M. Shahriar, Mohammed Atiquzzaman, and William Ivancic, “Route Optimization in Network Mobility: Solutions, 

Classification, Comparison, and Future Research Directions,” IEEE Communications Surveys & Tutorials, vol. 12, no. 1, pp. 24-38, 2010. 

[CrossRef] [Google Scholar] [Publisher Link] 

[33] Hussein M. Haglan et al., “Analyzing the Impact of the Number of Nodes on the Performance of the Routing Protocols in Manet 

Environment,” Bulletin of Electrical Engineering and Informatics, vol. 10, no. 1, pp. 434-440, 2021. [CrossRef] [Google Scholar] 

[Publisher Link] 

[34] Younes Ben Chigra, Abderrahim Ghadi, and Mohammed Bouhorma, “Novel Metric for Performance Evaluation of Routing in MANETs,” 

Proceedings of the 3rd International Conference on Smart City Applications, Tetouan, Morocco, pp. 1-4, 2018. [CrossRef] [Google 

Scholar] [Publisher Link] 

[35] Klement Streit et al., “Wireless SDN for Highly Utilized MANETs,” International Conference on Wireless and Mobile Computing, 

Networking and Communications (WiMob), Barcelona, Spain, pp. 226-234, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[36] Stanislav Sobolevsky et al., “General Optimization Technique for High-Quality Community Detection in Complex Networks,” Physics 

Review E: Covering Statistical, Nonlinear, Biological, and Soft Matter Physics, vol. 90, pp. 1-8, 2014. [CrossRef] [Google Scholar] 

[Publisher Link] 

[37] Hao Chen, Ming Xiao, and Zhibo Pang, “Satellite-Based Computing Networks with Federated Learning,” IEEE Wireless 

Communications, vol. 29, no. 1, pp. 78-84, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[38] Sushank Chaudhary, Abhishek Sharma, and Vishal Singh, “Optimization of High Speed and Long Haul Inter-Satellite Communication 

Link by Incorporating Differential Phase Shift Key and Orthogonal Frequency Division Multiplexing Scheme,” Optik, vol. 176, pp. 185-

190, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[39] J. Sandeep, and J. Satheesh Kumar, “Efficient Packet Transmission and Energy Optimization in Military Operation Scenarios of MANET,” 

Procedia Computer Science, vol. 47, pp. 400-407, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[40] C. Lacoste et al., “Optimization of the Return Link Carrier Planning for a Constant Coding and Modulation Satellite Network,” Frontiers 

in Communications and Networks, vol. 2, pp. 1-12, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[41] Nils Pachler et al., “Allocating Power and Bandwidth in Multibeam Satellite Systems Using Particle Swarm Optimization,” 2020 IEEE 

Aerospace Conference, Big Sky, MT, USA, pp. 1-11, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[42] Linchun Hao, Pinyi Ren, and  Qinghe Du, “Satellite QoS Routing Algorithm Based on Energy Aware and Load Balancing,” 2020 

International Conference on Wireless Communications and Signal Processing (WCSP), Nanjing, China, pp. 685-690, 2020. [CrossRef] 

[Google Scholar] [Publisher Link] 

[43] Zhi Lin et al., “SLNR-Based Secure Energy Efficient Beamforming in Multibeam Satellite Systems,” IEEE Transactions on Aerospace 

and Electronic Systems, vol. 59, no. 2, pp. 2085-2088, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[44] Qingbi Liao, and Megumi Kaneko, “Global Energy Efficiency Optimization of a Ka-Band Multi-Beam LEO Satellite Communication 

System,” IEEE Access, vol. 9, pp. 55232-55243, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[45] Rugui Yao et al., “Green Integrated Cooperative Spectrum Sensing for Cognitive Satellite Terrestrial Networks,” IET Communications, 

vol. 17, no. 14, pp. 1665-1682, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[46] Gaofeng Cui et al., “Latency and Energy Optimization for MEC Enhanced SAT-IoT Networks,” IEEE Access, vol. 8, pp. 55915-55926, 

2020. [CrossRef] [Google Scholar] [Publisher Link] 

[47] Shengchao Sh et al., “Energy-Efficient Optimal Power Allocation in Integratedwireless Sensor and Cognitive Satellite Terrestrial 

Networks,” Sensors, vol. 17, no. 9, pp. 1-16, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

 

https://doi.org/10.1109/WCSP.2015.7341337
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparison+studies+of+MANET-satellite+and+MANET-cellular+networks+integrations&btnG=
https://ieeexplore.ieee.org/abstract/document/7341337
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enhancing+Satellite+%26+Terrestrial+Networks+Integration+through+NFV+%2F+SDN+technologies&btnG=
https://upcommons.upc.edu/handle/2117/101303
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Review+of+Various+Optimization+techniques+in+MANET+Routing+Protocols&btnG=
https://doi.org/10.1109/ASMS-SPSC.2016.7601470
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Terrestrial-satellite+integration+in+dynamic+5G+backhaul+networks&btnG=
https://ieeexplore.ieee.org/abstract/document/7601470
https://doi.org/10.3390/rs14184600
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=MANet%3A+A+Network+Architecture+for+Remote+Sensing+Spatiotemporal+Fusion+Based+on+Multiscale+and+Attention+Mechanisms&btnG=
https://www.mdpi.com/2072-4292/14/18/4600
https://doi.org/10.1007/978-3-030-12385-7_85
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+parameters+affecting+the+performance+of+routing+protocols+in+mobile+Ad+Hoc+networks+%28MANETs%29+with+a+focus+on+energy+efficiency&btnG=
https://link.springer.com/chapter/10.1007/978-3-030-12385-7_85
https://doi.org/10.1109/SURV.2010.020110.00087
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Route+optimization+in+network+mobility%3A+Solutions%2C+classification%2C+comparison%2C+and+future+research+directions&btnG=
https://ieeexplore.ieee.org/abstract/document/5415862
https://doi.org/10.11591/eei.v10i1.2516
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analyzing+the+impact+of+the+number+of+nodes+on+the+performance+of+the+routing+protocols+in+manet+environment&btnG=
https://beei.org/index.php/EEI/article/view/2516
https://doi.org/10.1145/3286606.3286855
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Novel+metric+for+performance+evaluation+of+routing+in+MANETs&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Novel+metric+for+performance+evaluation+of+routing+in+MANETs&btnG=
https://dl.acm.org/doi/abs/10.1145/3286606.3286855
https://doi.org/10.1109/WiMOB.2019.8923172
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wireless+SDN+for+Highly+Utilized+MANETs&btnG=
https://ieeexplore.ieee.org/abstract/document/8923172
https://doi.org/10.1103/PhysRevE.90.012811
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=General+optimization+technique+for+high-quality+community+detection+in+complex+networks&btnG=
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.90.012811
https://doi.org/10.1109/MWC.008.00353
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Satellite-Based+Computing+Networks+with+Federated+Learning&btnG=
https://ieeexplore.ieee.org/abstract/document/9749193
https://doi.org/10.1016/j.ijleo.2018.09.037
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimization+of+high+speed+and+long+haul+inter-satellite+communication+link+by+incorporating+differential+phase+shift+key+and+orthogonal+frequency+division+multiplexing+scheme&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0030402618313408
https://doi.org/10.1016/j.procs.2015.03.223
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Efficient+packet+transmission+and+energy+optimization+in+military+operation+scenarios+of+MANET&btnG=
https://www.sciencedirect.com/science/article/pii/S1877050915004913
https://doi.org/10.3389/frcmn.2021.744998
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimization+of+the+Return+Link+Carrier+Planning+for+a+Constant+Coding+and+Modulation+Satellite+Network&btnG=
https://www.frontiersin.org/journals/communications-and-networks/articles/10.3389/frcmn.2021.744998/full
https://doi.org/10.1109/AERO47225.2020.9172694
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Allocating+Power+and+Bandwidth+in+Multibeam+Satellite+Systems+using+Particle+Swarm+Optimization&btnG=
https://ieeexplore.ieee.org/abstract/document/9172694
https://doi.org/10.1109/WCSP49889.2020.9299827
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Satellite+QoS+Routing+Algorithm+Based+on+Energy+Aware+and+Load+Balancing&btnG=
https://ieeexplore.ieee.org/abstract/document/9299827
https://doi.org/10.1109/TAES.2022.3190238
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=SLNR-Based+Secure+Energy+Efficient+Beamforming+in+Multibeam+Satellite+Systems&btnG=
https://ieeexplore.ieee.org/abstract/document/9827562
https://doi.org/10.1109/ACCESS.2021.3071475
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Global+Energy+Efficiency+Optimization+of+a+Ka-Band+Multi-Beam+LEO+Satellite+Communication+System&btnG=
https://ieeexplore.ieee.org/abstract/document/9395587
https://doi.org/10.1049/cmu2.12642
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+integrated+cooperative+spectrum+sensing+for+cognitive+satellite+terrestrial+networks&btnG=
https://ietresearch.onlinelibrary.wiley.com/doi/full/10.1049/cmu2.12642
https://doi.org/10.1109/ACCESS.2020.2982356
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Latency+and+energy+optimization+for+MEC+enhanced+SAT-IoT+networks&btnG=
https://ieeexplore.ieee.org/abstract/document/9043505
https://doi.org/10.3390/s17092025
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Energy-efficient+optimal+power+allocation+in+integratedwireless+sensor+and+cognitive+satellite+terrestrial+networks&btnG=
https://www.mdpi.com/1424-8220/17/9/2025


Tanay Jaiswal & N.R. Kidwai / IJECE, 11(10), 1-23, 2024 

 

23 

[48] Vahid Joroughi, Miguel Ángel Vázquez, and Ana I. Pérez-Neira, “Generalized Multicast Multibeam Precoding for Satellite 

Communications,” IEEE Transactions on Wireless Communications, vol. 16, no. 2, pp. 952-966, 2017. [CrossRef] [Google Scholar] 

[Publisher Link] 

[49] Kürşat Tekbiyik et al., “Reconfigurable Intelligent Surfaces Empowered THz Communication in LEO Satellite Networks,” IEEE Access, 

vol. 10, pp. 121957-121969, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[50] Muhammad Ihsan Khalil, “Power Optimization in Satellite Communication Using Multi-Intelligent Reflecting Surfaces,” Arxiv, pp. 1-13, 

2023. [CrossRef] [Google Scholar] [Publisher Link] 

[51] Kyu-Hwan Lee, and Kyoung Youl Park, “Overall Design of Satellite Networks for Internet Services with QoS Support,” Electronics, vol. 

8, no. 6, pp. 1-21, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[52] Shuang Xu, Xingwei Wang, and Min Huang, “A Study on QoE-QoS Relationship for Multimedia Services in Satellite Networks,” 2018 

IEEE 22nd International Conference on Computer Supported Cooperative Work in Design (CSCW), Nanjing, China, pp. 229-234, 2018. 

[CrossRef] [Google Scholar] [Publisher Link] 

[53] Junzhou Zhang et al., “QoSRA: A QoS-Aware Routing Algorithm for Software Defined Satellite Networks,” 2021 2nd Information 

Communication Technologies Conference (ICTC), Nanjing, China, pp. 165-171, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[54] Shuai Wu et al., “Intelligent Quality of Service Routing in Software-Defined Satellite Networking,” IEEE Access, vol. 7, pp. 155281-

155298, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[55] Xiaodong Shi et al., “Multi-QoS Adaptive Routing Algorithm based on SDN for Satellite Network,” IOP Conference Series: Materials 

Science and Engineering, vol. 768, pp. 1-7, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[56] Yang Wu et al., “Multi-Objective Optimisation in Multi-QoS Routing Strategy for Software-Defined Satellite Network,” Sensors, vol. 21, 

no. 19, pp. 1-17, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[57] Prashant Kumar et al., “FybrrLink: Efficient QoS-Aware Routing in SDN Enabled Future Satellite Networks,” IEEE Transactions on 

Network and Service Management, vol. 19, no. 3, pp. 2107-2118, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[58] Ana I. Perez-Neira et al., “Signal Processing for High-Throughput Satellites,” IEEE Signal Processing Magazine, vol. 36, no. 4, pp. 112-

131, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[59] Yeqi Liu et al., “Dynamic Bandwidth Allocation for Multi-QoS Guarantee Based on Bee Colony Optimization,” 2020 IEEE Computing, 

Communications and IoT Applications (ComComAp), Beijing, China, pp. 1-5, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[60] Bin Li et al., “Physical-Layer Security in Space Information Networks: A Survey,” IEEE Internet of Things Journal, vol. 7, no. 1, pp. 33-

52, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[61] Zhisheng Yin et al., “Green Interference Based Symbiotic Security in Integrated Satellite-Terrestrial Communications,” IEEE 

Transactions on Wireless Communications, vol. 21, no. 11, pp. 9962-9973, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[62] Yuanyuan Zhang, and Zhibo Zhai, “An Efficient and Provably Secure Key Agreement Scheme for Satellite Communication Systems,” 

PLoS One, vol. 16, no. 4, pp. 1-15, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[63] Nanchi Su, Fan Liu, and Christos Masouros, “Secure Radar-Communication Systems with Malicious Targets: Integrating Radar, 

Communications and Jamming Functionalities,” IEEE Transactions on Wireless Communications, vol. 20, no. 1, pp. 83-95, 2021. 

[CrossRef] [Google Scholar] [Publisher Link] 

[64] Seunghwa Jung, and Jihwan P. Choi, “Reliability of Small Satellite Networks with Software-Defined Radio and Enhanced Multiple Access 

Protocol,” IEEE Transactions on Aerospace and Electronic Systems, vol. 57, no. 3, pp. 1891-1902, 2021. [CrossRef] [Google Scholar] 

[Publisher Link] 

[65] Ningji Wei et al., “A Resiliency Analysis of Information Distribution Policies Over Mobile Ad Hoc Networks,” Optimization Letters, vol. 

15, pp. 1081-1103, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[66] Lei Cao, and Xing Yang, “Research on the Convergence Application of Satellite Mobile Communication and Wireless Ad Hoc Network,” 

Journal of Physics: Conference Series, vol. 2187, pp. 1-7, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[67] Zipeng Ye, and Qingrui Zhou, “Performance Evaluation Indicators of Space Dynamic Networks under Broadcast Mechanism,” Space: 

Science Technology, vol. 2021, pp. 1-11, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[68] Ata Khalili, Mohammad Robat Mili, and Derrick Wing Kwan Ng, “Performance Trade-off between Uplink and Downlink in Full-Duplex 

Communications,” ICC 2020 - 2020 IEEE International Conference on Communications (ICC), Dublin, Ireland, pp. 1-6, 2020. [CrossRef] 

[Google Scholar] [Publisher Link] 

https://doi.org/10.1109/TWC.2016.2635139
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Generalized+Multicast+Multibeam+Precoding+for+Satellite+Communications&btnG=
https://ieeexplore.ieee.org/abstract/document/7765141
https://doi.org/10.1109/ACCESS.2022.3223086
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reconfigurable+Intelligent+Surfaces+Empowered+THz+Communication+in+LEO+Satellite+Networks&btnG=
https://ieeexplore.ieee.org/abstract/document/9954397
https://doi.org/10.48550/arXiv.2310.16625
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Power+Optimization+in+Satellite+Communication+Using+Multi-Intelligent+Reflecting+Surfaces&btnG=
https://arxiv.org/abs/2310.16625
https://doi.org/10.3390/electronics8060683
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Overall+design+of+satellite+networks+for+internet+services+with+QoS+support&btnG=
https://www.mdpi.com/2079-9292/8/6/683
https://doi.org/10.1109/CSCWD.2018.8465275
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+study+on+QoE-QoS+relationship+for+multimedia+services+in+satellite+networks&btnG=
https://ieeexplore.ieee.org/abstract/document/8465275
https://doi.org/10.1109/ICTC51749.2021.9441632
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=QoSRA%3A+A+QoS-Aware+Routing+Algorithm+for+Software+Defined+Satellite+Networks&btnG=
https://ieeexplore.ieee.org/abstract/document/9441632
https://doi.org/10.1109/ACCESS.2019.2949375
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Intelligent+quality+of+service+routing+in+software-defined+satellite+networking&btnG=
https://ieeexplore.ieee.org/abstract/document/8882276
10.1088/1757-899X/768/5/052035
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Multi-QoS+adaptive+routing+algorithm+based+on+SDN+for+satellite+network&btnG=
https://iopscience.iop.org/article/10.1088/1757-899X/768/5/052035/meta
https://doi.org/10.3390/s21196356
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Multi-objective+optimisation+in+multi-qos+routing+strategy+for+software-defined+satellite+network&btnG=
https://www.mdpi.com/1424-8220/21/19/6356
https://doi.org/10.1109/TNSM.2021.3129876
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=FybrrLink%3A+Efficient+QoS-Aware+Routing+in+SDN+Enabled+Future+Satellite+Networks&btnG=
https://ieeexplore.ieee.org/abstract/document/9625013
https://doi.org/10.1109/MSP.2019.2894391
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Signal+Processing+for+High-Throughput+Satellites&btnG=
https://ieeexplore.ieee.org/abstract/document/8746876
https://doi.org/10.1109/ComComAp51192.2020.9398879
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dynamic+bandwidth+allocation+for+multi-QoS+guarantee+based+on+bee+colony+optimization&btnG=
https://ieeexplore.ieee.org/abstract/document/9398879
https://doi.org/10.1109/JIOT.2019.2943900
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physical-Layer+Security+in+Space+Information+Networks%3A+A+Survey&btnG=
https://ieeexplore.ieee.org/abstract/document/8850067
https://doi.org/10.1109/TWC.2022.3181277
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+Interference+Based+Symbiotic+Security+in+Integrated+Satellite-Terrestrial+Communications&btnG=
https://ieeexplore.ieee.org/abstract/document/9797229
https://doi.org/10.1371/journal.pone.0250205
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+efficient+and+provably+secure+key+agreement+scheme+for+satellite+communication+systems&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0250205
https://doi.org/10.1109/TWC.2020.3023164
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Secure+Radar-Communication+Systems+with+Malicious+Targets%3A+Integrating+Radar%2C+Communications+and+Jamming+Functionalities&btnG=
https://ieeexplore.ieee.org/abstract/document/9199556
https://doi.org/10.1109/TAES.2021.3050652
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reliability+of+Small+Satellite+Networks+with+Software-Defined+Radio+and+Enhanced+Multiple+Access+Protocol&btnG=
https://ieeexplore.ieee.org/abstract/document/9319263
https://doi.org/10.1007/s11590-021-01717-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+resiliency+analysis+of+information+distribution+policies+over+mobile+ad+hoc+networks&btnG=
https://link.springer.com/article/10.1007/s11590-021-01717-0
https://doi.org/10.1088/1742-6596/2187/1/012056
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Research+on+the+Convergence+Application+of+Satellite+Mobile+Communication+and+Wireless+Ad+Hoc+Network&btnG=
https://iopscience.iop.org/article/10.1088/1742-6596/2187/1/012056/meta
https://doi.org/10.34133/2021/9826517
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Performance+Evaluation+Indicators+of+Space+Dynamic+Networks+under+Broadcast+Mechanism&btnG=
https://spj.science.org/doi/full/10.34133/2021/9826517?adobe_mc=MCMID%3D23000605405683999525849378418609464876%7CMCORGID%3D242B6472541199F70A4C98A6%2540AdobeOrg%7CTS%3D1689033600
https://doi.org/10.1109/ICC40277.2020.9148981
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Performance+Trade-off+between+Uplink+and+Downlink+in+Full-Duplex+Communications&btnG=
https://ieeexplore.ieee.org/abstract/document/9148981

