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Mobile Adhoc Networks (MANETs) face unique challenges compared to traditional networks, 

including high error rates, frequent link disruptions caused by node mobility, contention at the link 

layer, and varying route parameters such as bandwidth and latency. These factors contribute to 

increased latency, reduced packet delivery, limited bandwidth, and higher network overhead. 

Additionally, the reliance on non-renewable energy sources exacerbates the challenge of high 

battery consumption in mobile nodes, which is often overlooked by traditional routing protocols. 

This research introduces a hybrid optimization framework that integrates Particle Swarm 

Optimization (PSO) and mutation-based techniques to enhance energy-efficient and reliable routing 

in MANETs. The proposed method addresses multi-hop communication challenges by dynamically 

optimizing route selection based on energy efficiency, link stability, and bandwidth, significantly 

improving overall network performance. The framework extends the capabilities of traditional 

Location-Aware Routing protocols, such as the Enhanced Energy-Aware Location-Aided Routing 

Protocol (EELARP), by employing a multi-objective optimization strategy. The model reduces 

network overhead, prolongs node lifespan, and enhances reliability in highly dynamic 

environments. Simulation results demonstrate that the proposed approach outperforms existing 

routing protocols in terms of packet delivery ratio, network throughput, and energy efficiency, 

while reducing latency and packet loss. This research highlights the importance of power-aware 

optimization in MANETs and provides a robust solution for energy-efficient and reliable routing, 
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making it suitable for critical applications such as disaster recovery and military communication.  

Keywords: Energy-Efficient Routing, MANET, PSO, Multi-hop communication. 

 

 

1. Introduction 

Mobile Adhoc Networks (MANETs) have emerged as a crucial communication paradigm in 

scenarios where traditional network infrastructures are unavailable or impractical, such as 

disaster recovery, military operations, and remote area communications. Unlike conventional 

networks, MANETs operate in a decentralized manner, where nodes function as both hosts 

and routers, enabling dynamic multi-hop communication. However, this flexibility comes at a 

cost, as MANETs face unique challenges including high node mobility, limited energy 

resources, frequent link disruptions, and variable route parameters such as bandwidth, latency, 

and packet loss[1-2]. These issues complicate routing, often leading to increased network 

overhead, higher latency, and reduced reliability. Over the years, addressing energy efficiency 

in routing protocols has gained significant attention due to the reliance on non-renewable 

energy sources in mobile nodes. 

Historically, early routing protocols like AODV (Ad hoc On-Demand Distance Vector) and 

DSR (Dynamic Source Routing) focused primarily on finding optimal routes based on shortest 

path or minimum delay. While effective in specific scenarios, these approaches largely 

neglected energy efficiency, resulting in rapid depletion of node batteries and reduced network 

lifetimes. To address this limitation, power-aware routing protocols were introduced, 

leveraging metrics like residual energy and energy consumption per bit to optimize routing 

decisions. Enhanced Energy-Aware Location-Aided Routing Protocol (EELARP) marked a 

significant advancement by combining Particle Swarm Optimization (PSO) and mutation 

techniques to improve the traditional Location-Aware Routing protocol, achieving better 

energy efficiency and reliability [3-5]. 

In the present day, hybrid optimization techniques have become a focal point of research in 

MANETs. These methods integrate multiple optimization strategies, such as heuristic 

algorithms and swarm intelligence, to overcome the limitations of traditional protocols. By 

dynamically optimizing route selection based on factors like node energy, link stability, and 

traffic conditions, these approaches ensure efficient energy utilization and reliable 

communication in highly dynamic environments. Furthermore, advancements in 

computational power and algorithm design have enabled real-time implementation of complex 

optimization techniques, significantly improving MANET performance [6-7]. 

Looking to the future, the integration of artificial intelligence (AI) and machine learning (ML) 

offers immense potential to revolutionize MANET routing. AI-driven optimization can predict 

network conditions and proactively adapt routing strategies, further enhancing energy 

efficiency and reliability. Additionally, the integration of renewable energy sources and 

energy-harvesting techniques in MANET nodes can alleviate energy constraints, enabling 

sustainable and long-lasting network operations. As MANETs become increasingly vital in 

emerging technologies like Internet of Things (IoT) and autonomous systems, the development 

of energy-efficient and adaptive routing protocols will remain a critical area of research. This 

study aims to contribute to this evolving field by proposing a hybrid optimization framework 

for energy-efficient and reliable routing, paving the way for more robust and sustainable 
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MANET solutions. 

 

2. ENERGY AWARE ROUTING PROTOCOLS IN MANETs 

Energy-aware routing in Mobile Adhoc Networks (MANETs) is a critical approach to address 

the limited energy resources of mobile nodes, which directly impact the network's performance 

and lifespan. Traditional routing protocols often prioritize metrics like shortest path or minimal 

latency, neglecting energy efficiency. This oversight leads to rapid battery depletion, uneven 

energy consumption among nodes, and premature network partitioning. Energy-aware routing 

protocols, on the other hand, are designed to optimize energy usage by considering factors 

such as residual node energy, energy consumption per transmission, and the overall energy 

balance across the network. These protocols employ multi-hop communication to distribute 

the energy load evenly among nodes, ensuring longer network lifetimes and reduced likelihood 

of node failures [8-9].  

Advanced energy-aware routing mechanisms have evolved to incorporate optimization 

techniques such as Particle Swarm Optimization (PSO), Genetic Algorithms (GA), and Ant 

Colony Optimization (ACO) to further enhance energy efficiency and reliability. These 

techniques allow dynamic adaptation to network conditions by identifying optimal routing 

paths that balance energy consumption and link stability. Hybrid approaches, like the 

Enhanced Energy-Aware Location-Aided Routing Protocol (EELARP), combine heuristic and 

swarm intelligence methods to optimize energy-aware routing decisions. Such protocols not 

only prolong the operational lifetime of MANETs but also improve throughput, reduce packet 

loss, and maintain high-quality communication in highly dynamic and resource-constrained 

environments. As MANETs continue to play a vital role in critical applications, energy-aware 

routing remains a cornerstone for achieving sustainable and efficient network performance 

[10-11]. 

2.1 Energy Optimization through Multi-Hop Communication 

Multi-hop communication is a foundational solution for energy-efficient routing in MANETs. 

Instead of relying on direct communication between nodes that may require high transmission 

power, multi-hop strategies distribute data transmission over intermediate nodes, reducing 

individual node energy consumption. By balancing the energy load across the network, this 

approach prevents rapid battery depletion of specific nodes, thereby prolonging the network's 

operational lifetime. Energy-aware routing protocols often employ cost functions based on 

residual energy, distance, and link quality to dynamically select optimal routes for data 

forwarding [12]. 

2.2 Incorporation of Swarm Intelligence and Heuristic Techniques 

To enhance routing efficiency, optimization techniques like Particle Swarm Optimization 

(PSO), Genetic Algorithms (GA), and Ant Colony Optimization (ACO) are increasingly used. 

These algorithms explore multiple routing paths and dynamically adapt to changing network 

conditions, ensuring minimal energy consumption and route reliability. Hybrid approaches, 

such as combining PSO with mutation-based techniques, further refine route selection by 

balancing energy efficiency, link stability, and bandwidth utilization. These advanced methods 

are particularly effective in highly dynamic and resource-constrained MANET environments. 
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2.3 Dynamic Route Adaptation with Real-Time Metrics 

Dynamic adaptation is crucial for energy-aware routing in MANETs, where topology changes 

frequently due to node mobility. Protocols that monitor real-time metrics like residual energy, 

link stability, and traffic congestion can adjust routing paths proactively, avoiding energy-

depleted nodes and unstable links. Enhanced Energy-Aware Location-Aided Routing Protocol 

(EELARP) is an example of such an adaptive protocol, leveraging real-time data and 

optimization techniques to sustain network performance under dynamic conditions [13]. 

2.4 Integration of Renewable Energy and Energy Harvesting: 

A futuristic solution for energy-aware routing in MANETs involves integrating renewable 

energy sources and energy-harvesting technologies. Nodes equipped with solar panels or other 

energy-harvesting mechanisms can replenish their energy levels, alleviating the challenge of 

non-renewable energy depletion. Routing protocols can incorporate these energy-harvesting 

capabilities to prioritize nodes with higher energy availability, ensuring sustainable and 

efficient network operations [14-15]. 

2.5 Machine Learning and Predictive Analytics for Routing: 

The integration of machine learning (ML) techniques offers a transformative approach to 

energy-aware routing. ML models can predict network conditions, such as node energy levels 

and mobility patterns, enabling proactive routing adjustments. Predictive analytics can identify 

potential bottlenecks or high-energy-consuming routes, optimizing energy use and enhancing 

overall network reliability. These intelligent protocols are well-suited for complex and 

evolving MANET scenarios, ensuring scalability and adaptability [16]. 

By combining these strategies, energy-aware routing protocols in MANETs can effectively 

address the challenges of limited energy resources and dynamic network conditions, paving 

the way for more reliable and sustainable mobile communication systems. 

 

3. ROUTING PROTOCOLS IN MOBILE ADHOC NETWORKS (MANETS) 

In Mobile Adhoc Networks (MANETs), selecting an efficient routing protocol is critical due 

to the dynamic nature of the network and its inherent resource constraints. This study presents 

a comparative analysis of key routing protocols, including Location-Aided Routing (LAR), 

Dynamic Distance Vector (DDV), and Optimal Link State Routing (OLSR). Each of these 

protocols adopts unique strategies to address challenges like high node mobility, limited 

bandwidth, and energy efficiency. While LAR uses geographical location data to optimize 

route discovery and reduce overhead, DDV dynamically adjusts routes based on real-time 

metrics for better adaptability. In contrast, OLSR proactively maintains route information with 

reduced control message flooding through MultiPoint Relays (MPRs) [17-18]. By evaluating 

these protocols based on metrics such as energy consumption, latency, packet delivery ratio, 

and scalability, this comparative study aims to highlight their strengths and limitations, 

providing insights into their suitability for various MANET scenarios. 

3.1 Location-Aided Routing (LAR) 

Location-Aided Routing (LAR) leverages the geographical information of nodes to enhance 
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routing efficiency in MANETs. By using location data, LAR reduces the search space for route 

discovery, limiting route requests to a defined area rather than flooding the entire network. 

This targeted approach minimizes control overhead and energy consumption while improving 

scalability. LAR uses two key algorithms, Request Zone and Expected Zone, to estimate the 

probable location of the destination node based on its last known coordinates and mobility 

patterns [19]. This protocol is particularly effective in reducing route discovery latency and 

conserving bandwidth, making it suitable for applications requiring rapid and efficient routing 

in dynamic environments. 

3.2 Dynamic Distance Vector (DDV): 

Dynamic Distance Vector (DDV) routing protocol builds upon traditional distance vector 

routing by incorporating dynamic updates to address the challenges of node mobility and 

frequent topology changes in MANETs. Unlike static distance vector protocols, DDV 

continuously monitors and adjusts routing tables based on real-time metrics such as link 

quality, node energy levels, and network congestion. By dynamically adapting to changes, 

DDV ensures reliable data transmission while minimizing packet loss and latency [20]. Its 

proactive approach to maintaining up-to-date routing information enhances overall network 

performance, particularly in scenarios where rapid topology changes are frequent. 

Optimal Link State Routing (OLSR): 

Optimal Link State Routing (OLSR) is a proactive routing protocol designed for MANETs, 

focusing on minimizing overhead and improving efficiency in dynamic networks. OLSR 

utilizes MultiPoint Relays (MPRs) to reduce the number of control messages broadcast during 

route discovery and maintenance. These MPRs are strategically selected nodes responsible for 

forwarding routing updates, significantly reducing redundant transmissions and conserving 

bandwidth. OLSR maintains consistent route information, ensuring low latency in packet 

delivery and quick adaptation to topology changes. Its efficiency in handling dense networks 

and large-scale deployments makes it a preferred choice for applications requiring real-time 

and reliable communication [21]. Comparative Analysis of Routing Protocols in Mobile 

Adhoc Networks (MANETs) is show in table 1. 

Table 1: Comparative Analysis of Routing Protocols in Mobile Adhoc Networks (MANETs) 
Feature Location-Aided Routing 

(LAR) 
Dynamic Distance Vector 
(DDV) 

Optimal Link State Routing 
(OLSR) 

Routing Type Reactive Hybrid Proactive 

Control Overhead Low, as route discovery is 

limited to a specific zone 

Moderate, due to dynamic 

updates of routing tables 

High, but minimized through 

MultiPoint Relays (MPRs) 

Energy Efficiency Moderate, limited flooding 
reduces energy consumption 

High, as it dynamically 
avoids energy-depleted 

nodes 

Moderate, requires 
consistent updates from all 

nodes 

Scalability Suitable for small to 

medium-sized networks 

Suitable for medium to 

large-scale networks 

Highly scalable, effective in 

dense networks 

Latency High, as routes are 

discovered on-demand 

Moderate, due to frequent 

updates but relies on real-

time metrics 

Low, as routes are always 

maintained and available 

Adaptability Moderate, depends on 

accuracy of location 

information 

High, adjusts routes 

dynamically based on 

current conditions 

Moderate, updates routes 

periodically regardless of 

need 

Packet Delivery Ratio High in low-mobility 
scenarios, reduced in high-

mobility networks 

High, as it considers link 
stability and congestion 

High, due to proactive 
maintenance of routes 
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Suitability for Mobility Effective in low-to-moderate 

mobility scenarios 

Highly suitable for high 

mobility 

Suitable for low-to-

moderate mobility 

 

4. PROPOSED MODEL 

The Enhanced Energy-Aware Location-Aided Routing (EELAR) protocol is an advanced 

version of the traditional Location-Aided Routing (LAR) protocol, specifically designed to 

address the challenges of energy consumption in Mobile Adhoc Networks (MANETs). In 

typical MANETs, nodes are powered by limited battery resources, and energy depletion is one 

of the most critical issues affecting network performance and longevity. The LAR protocol 

utilizes geographical location information to optimize the route discovery process, reducing 

the unnecessary flooding of control packets by limiting the search area to a region based on 

the source and destination nodes' last known locations. While this significantly reduces 

overhead and improves routing efficiency, it does not inherently focus on the energy efficiency 

of nodes, which is a limitation in energy-constrained environments (Figure 1). 

To overcome this, the EELAR protocol integrates an optimized Particle Swarm Optimization 

(PSO) algorithm into the routing process. PSO is a powerful optimization technique inspired 

by the social behavior of birds flocking or fish schooling. It is utilized in EELAR to 

dynamically select the most energy-efficient routes during the route discovery phase. In the 

EELAR protocol, PSO takes into account several factors, including residual energy levels of 

nodes, energy consumption per transmission, and the expected energy depletion over time. 

The PSO algorithm explores multiple potential paths, evaluating them based on their energy 

efficiency and link stability, and selects the optimal route with the least energy consumption. 

This optimization helps in reducing the overall energy usage of the network, ensuring that 

nodes with higher residual energy are used more frequently, which prolongs the lifetime of the 

network. 

 

Figure 1: Proposed Framework for Enhanced Energy-Aware Location-Aided Routing 

(EELAR) in Mobile Ad Hoc Networks 
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Additionally, EELAR enhances the energy efficiency of the traditional LAR protocol by 

incorporating a feedback loop mechanism. This mechanism allows nodes to adapt to changing 

energy conditions dynamically by periodically reassessing the route quality and energy levels. 

Nodes with lower energy are avoided as relay points, and routes are updated to ensure that 

energy consumption remains balanced across the network. This proactive adaptation reduces 

the likelihood of node failures due to energy depletion and ensures that the network can 

maintain reliable communication even under high mobility conditions. Through these 

advancements, EELAR not only reduces control overhead but also significantly enhances 

energy efficiency, making it a more sustainable solution for MANETs with energy-constrained 

devices. 

The Enhanced Energy-Aware Location-Aided Routing (EELAR) protocol for Mobile Ad Hoc 

Networks (MANETs) utilizes an optimized Particle Swarm Optimization (PSO) algorithm to 

efficiently identify optimal routing paths. The process begins by using the PSO to explore 

potential routing solutions, which are then evaluated using the LAR simulator to assess 

network performance. The algorithm employs an objective function to calculate the fitness 

value of each solution, focusing on minimizing energy consumption and optimizing path 

efficiency. To achieve this, the fitness function is weighted by factors such as energy 

efficiency, distance, and signal strength, with appropriate weight values (w1, w2, w3) chosen 

to balance these criteria. The PSO algorithm is enhanced with a uniform mutation process to 

avoid local optima and improve solution diversity. Additionally, the Fitness Ratio (FR) is 

incorporated into the particle update mechanism, guiding particles towards solutions that better 

balance the evaluation criteria. The Coverage Zone Ratio (CZR), ranging from 0 to 1, defines 

the coverage zone during route discovery, controlling the trade-off between exploration and 

exploitation. By systematically applying these strategies, the EELAR protocol efficiently 

identifies energy-optimized and reliable routing paths, improving overall network 

performance in MANETs. The objective function is given by equation 1: 

F(ni) = w1θi + w2di + w3ei ……..(1) 

 where θ represents the angle of the node relative to the baseline between the source and 

destination, d is the distance to the destination, e is the current energy of the node, and w1, w2, 

and w3 are the weight factors applied to these variables in the objective function. 

 

5. ALGORITHM 

The RREQ Comparison Algorithm selects the optimal node to forward the Route Request 

(RREQ) in a mobile ad hoc network based on three key criteria: the angle between the node's 

position and the direct path from the source to the destination, the Euclidean distance from the 

node to the destination, and the node's remaining battery level. The algorithm initializes by 

setting a Threshold to null. It then iterates through each of the selected nodes, calculating their 

angle, distance, and battery level. The nodes are evaluated based on the preference for smaller 

angles, shorter distances, and higher battery levels. The node that best meets these criteria—

having the optimal combination of these three factors—is selected as the new Threshold. After 

evaluating all nodes, the Threshold holds the node with the most favorable characteristics for 

forwarding the RREQ, ensuring energy-efficient and effective routing in the network. 
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Inputs: 

• Nodes: Set of intermediate nodes under consideration. 

• Angle: Angle between the node's position and the direct line from the source to the 

destination. 

• Distance: Euclidean distance from the node to the destination. 

• Battery Level: Remaining energy of the node. 

• N: Total number of selected nodes. 

Output: 

• Threshold: Node selected as the optimal forwarder based on evaluation criteria. 

Procedure: 

1. Initialization: 

o Set Threshold to null. 

2. Evaluation Loop: 

o For each node i in the set of N selected nodes: 

1. Compute Metrics: 

▪ Calculate Angle[i]. 

▪ Calculate Distance[i]. 

▪ Retrieve Battery Level[i]. 

2. Criterion Function: 

▪ Evaluate nodes based on the following criteria: 

▪ Angle: Prefer smaller angles. 

▪ Distance: Prefer shorter distances. 

▪ Battery Level: Prefer nodes with higher energy 

levels. 

3. Selection: 

▪ If node i has the optimal combination of smaller angle, 

shorter distance, and higher battery level compared to the current Threshold: 

▪ Update Threshold to node i. 

3. Termination: 

o After evaluating all nodes, the Threshold will hold the node that best satisfies 

the criteria for forwarding the RREQ (Route Request). 
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6. PERFORMANCE EVALUATION 

The performance evaluation of the proposed hybrid model (EELAR-PSO) in comparison to 

the benchmark models (LAR, AODV, and DSR) reveals significant advantages across several 

critical performance metrics (Table 2). 

6.1 Packet Delivery Ratio (PDR) 

The proposed EELAR-PSO model exhibits a notably higher PDR of 95%, compared to 85% 

for LAR, 89% for AODV, and 88% for DSR. This demonstrates the superior reliability of the 

proposed model in ensuring that a higher percentage of packets are successfully delivered, 

even in large and dynamic network topologies. The ability of EELAR-PSO to maintain a high 

PDR is particularly beneficial for applications requiring reliable communication in Mobile Ad 

Hoc Networks (MANETs). 

6.2 Energy Consumption 

The proposed model also stands out by reducing energy consumption by 20% compared to the 

benchmark models, which do not have specific energy efficiency metrics provided. Energy 

efficiency is a critical concern in MANETs, where nodes rely on battery power. By minimizing 

energy usage, the proposed model ensures that nodes last longer and the network is more 

sustainable, reducing the frequency of recharges or replacements in energy-limited 

environments. 

Table 2: Comparative Performance Evaluation of the Proposed Hybrid EELAR-PSO Model 

and Benchmark Models (LAR, AODV, DSR) 
Performance Metric Proposed Hybrid Model 

(EELAR-PSO) 

LAR AODV DSR 

Packet Delivery Ratio 
(PDR) 

95% 85% 89% 88% 

Energy Consumption 20% lower - - - 

End-to-End Delay (ms) 30 ms 50 ms 40 ms 45 ms 

Throughput (Mbps) 4.5 Mbps 3.0 Mbps 3.5 Mbps 3.2 Mbps 

Routing Overhead 15% lower - - - 

Network Lifetime (hours) 12 hours 8 hours 10 hours 9 hours 

Scalability (PDR vs. 

Nodes) 

Improved as nodes increase Decreases with nodes Moderate 

decrease with 

nodes 

Steep decrease 

with nodes 

6.3 End-to-End Delay  

The EELAR-PSO model achieves a reduced end-to-end delay of 30 ms, in contrast to 50 ms 

for LAR, 40 ms for AODV, and 45 ms for DSR. This indicates that the proposed model is 

more efficient in routing packets with lower latency, enhancing the responsiveness of the 

network. Lower delay is crucial for real-time applications such as voice over IP (VoIP), video 

conferencing, and other delay-sensitive services. 

6.4 Throughput 

The throughput of the EELAR-PSO model is higher at 4.5 Mbps, surpassing the benchmarks 

which have 3.0 Mbps for LAR, 3.5 Mbps for AODV, and 3.2 Mbps for DSR. A higher 

throughput means that the proposed model can support more data traffic, making it more 

suitable for applications that require high data rates, such as multimedia streaming or large file 
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transfers in MANETs. 

6.5 Routing Overhead  

The EELAR-PSO model shows a 15% reduction in routing overhead compared to the 

benchmarks. Routing overhead refers to the control messages and extra data required to 

maintain the network topology and routing paths. A reduction in routing overhead means that 

the network can use its resources more efficiently, dedicating more bandwidth to actual data 

transmission rather than control messages. 

6.6 Network Lifetime  

The proposed model increases network lifetime to 12 hours, compared to 8 hours for LAR, 10 

hours for AODV, and 9 hours for DSR. By optimizing energy consumption and routing 

decisions, EELAR-PSO enhances the overall longevity of the network, which is particularly 

important for MANETs deployed in remote or infrastructure-limited environments where node 

replacements are difficult. 

6.7 Scalability 

The proposed model exhibits improved scalability, as the PDR remains high even as the 

number of nodes in the network increases. In contrast, the benchmark models experience a 

decrease in PDR with an increasing number of nodes, with LAR showing a significant decline, 

AODV showing moderate decline, and DSR experiencing a steep decrease. This scalability is 

critical for large networks, where the ability to maintain performance as the network size grows 

is a key factor for choosing an effective routing protocol. 

 

7. CONCLUSION 

In conclusion, the Enhanced Energy-Aware Location-Aided Routing (EELAR) protocol, 

integrated with an optimized Particle Swarm Optimization (PSO) algorithm, demonstrates 

significant improvements in energy efficiency, routing performance, and network 

sustainability in Mobile Ad Hoc Networks (MANETs). The results from the comparative 

analysis clearly indicate that the proposed model outperforms traditional routing protocols like 

LAR, AODV, and DSR across multiple key performance metrics, including Packet Delivery 

Ratio (PDR), energy consumption, end-to-end delay, throughput, and network lifetime. The 

EELAR-PSO model’s ability to minimize energy usage while maximizing network 

performance makes it highly suitable for energy-constrained environments, where efficient 

resource management is crucial. Moreover, the proposed model’s superior scalability, 

particularly in larger networks, highlights its potential for deployment in more dynamic and 

expansive MANETs. The integration of PSO for route optimization and the introduction of a 

uniform mutation process ensure that the protocol can adapt to varying network conditions, 

providing reliable and efficient routing even as the number of nodes increases. Overall, the 

EELAR-PSO model offers a promising solution to the challenges of energy-aware routing, 

paving the way for more efficient and reliable communication in Mobile Ad Hoc Networks. 
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