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ABSTRACT: As V2V communication becomes more prevalent in modern vehicles, ensuring energy efficiency has 

emerged as a significant concern, especially with the adoption of 5G networks. This project focuses on reducing energy 

consumption in V2V systems by implementing AI-based transmission power control algorithms. Simulations were 

carried out using NS-3 and OMNeT++ to observe energy usage patterns under various traffic scenarios. Key factors 

such as node mobility, packet delivery, and power variation were analyzed in detail. The results showed that adaptive 

power management could reduce overall energy consumption by approximately 26% without compromising 

communication reliability. These findings highlight the importance of integrating energy-aware strategies into future 

vehicular networks. 
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I. INTRODUCTION 

 

With the increasing integration of communication technologies in vehicles, energy efficiency has become a crucial 

aspect of vehicular communication systems. As vehicles constantly exchange data in real-time, especially over high-

speed networks like 5G, the demand for power-efficient communication is higher than ever. In electric and hybrid 

vehicles, where battery life is already a constraint, optimizing energy usage during communication is essential. V2V 

communication systems often involve frequent broadcasting of safety messages, which leads to significant energy 

consumption over time. This constant transmission, if not properly managed, can reduce the operational efficiency of 

the vehicle. 

 

This project addresses the challenge of minimizing power usage in V2V networks without compromising on latency or 

reliability. By leveraging adaptive transmission techniques and AI-based optimization algorithms, communication 

power can be dynamically adjusted based on real-time conditions. Simulation tools such as NS-3 and OMNeT++ are 

utilized to replicate dynamic traffic environments and evaluate energy performance. Factors such as vehicle density, 

signal strength, and mobility patterns are analysed to optimize power control. The goal is to strike a balance between 

communication performance and energy conservation. 

 

Through this study, we aim to contribute towards making V2V communication not only smarter but also more 

sustainable in the context of next-generation transportation systems. 

 

II. LITERATURE WORK 

 

Energy efficiency in vehicular communication has gained attention with the increasing demand for sustainable 

intelligent transportation systems. Ahmed K. et al. (2013) explored V2V communication algorithms focusing on 

latency and reliability, laying the foundation for power-aware communication strategies. Kenney J.B. (2011) provided 

insights into the DSRC protocol and IEEE 802.11p standard, which, while reliable, often incur high energy costs due to 

constant message broadcasting. 

 

S. Biswas et al. (2006) proposed enhanced inter-vehicle protocols aimed at reducing transmission delays, indirectly 

influencing energy consumption through efficient routing. Papadimitratos et al. (2008) examined the security overhead 

in vehicular networks, pointing out that cryptographic operations increase energy use—highlighting the trade-off 

between security and efficiency. 
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Lu et al. (2014) presented an overview of V2V and V2I systems, identifying energy scalability as a key challenge in 

high-density environments. Hartenstein and Laberteaux (2008) discussed VANET routing models, where adaptive 

strategies could be extended to manage energy better. 

 

More recent works, such as Zhang et al. (2020), focused explicitly on energy-aware V2V systems in 5G contexts, 

proposing AI-driven algorithms to optimize power consumption without degrading QoS. Alsarhan et al. (2021) 

analyzed design architectures for energy-efficient V2X, identifying that multi-network integration and intelligent 

scheduling can significantly reduce power demands. 

Collectively, these studies form the basis for developing AI-enhanced, energy-aware V2V frameworks that maintain 

performance while improving power utilization—an approach this project aims to advance through real-time simulation 

and reinforcement learning. 

 

III. PROPOSED SYSTEM 

 

The proposed system focuses on reducing energy consumption in Vehicle-to-Vehicle (V2V) communication networks 

by integrating 5G connectivity with AI-driven optimization strategies. The goal is to maintain real-time, reliable 

communication between vehicles while minimizing power usage—an essential factor for electric and autonomous 

vehicles. 

The system is designed with the following key components: 

1. 5G-BasedCommunicationFramework 

Utilizes New Radio (NR) 5G networks to enable high-speed, low-latency data exchange between vehicles. The 

system supports dynamic handovers and multi-hop communication in real-time traffic conditions. 

2. AI-Based  TransmissionPower Control 

Implements a Reinforcement Learning (RL) model to dynamically adjust transmission power levels based on 

parameters such as vehicle density, battery status, signal strength (RSSI), and packet delivery rate. The RL agent 

continuously learns to optimize energy usage without affecting communication quality. 

3. Simulation Environment 

Simulations are conducted using tools like NS-3 and OMNeT++, which allow modeling of dynamic topologies, 

node mobility, energy consumption, and real-time V2V interactions in various scenarios (urban, highway, 

obstacle-affected environments). 

4. Dynamic Topology andMobility Models 

The system models realistic vehicular mobility using techniques like Random Waypoint and Manhattan Grid 

models. Dynamic topology ensures simulation of real-world V2V behavior, including frequent topology changes 

and varying signal conditions. 

5. Web-Based  Real-Time Monitoring Dashboard 

A user-friendly interface built using web technologies (HTML/CSS/JavaScript or React) to visualize key 

performance indicators such as latency, power consumption, packet delivery ratio, and network connectivity in real 

time. 

6. Data Logging and Module 

Captures simulation data such as GPS coordinates, transmission logs, energy usage, and packet success rates. This 

data is stored in CSV or database formats for further analysis and performance evaluation. 

By combining 5G capabilities with intelligent power management, the proposed system achieves a balance between 

communication reliability and energy efficiency, making it highly suitable for next-generation intelligent transportation 

systems. 

 

IV. RESULTS 

 

The actual output of the Energy-Efficient V2V Communication using 5G simulation is analyzed in terms of 

performance metrics, energy efficiency, real-time communication, and visualization. The results obtained are compared 

with the expected output to evaluate system performance.  
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TABLE I 

 

 

Output Parameter  

Expected Result  Actual Result  

Communication Latency  <10ms  9.2ms (urban), 7.8ms 

(highway)  

Packet Delivery Ratio  >92%  93.6% (urban), 95.2% 

(highway)  

Network Connectivity  99.9% uptime  99.7% uptime  

Handover Efficiency  <2ms handover delay  1.85ms (urban), 1.97ms 

(obstacle area)  

 

Observation: The system successfully maintains low latency, high packet delivery, and fast handover, ensuring smooth 

real-time communication.  

 

TABLE II 

 

AI-based adaptive power control successfully reduces energy consumption  

• Transmission power dynamically adjusted based on vehicle density & signal strength  

• Overall energy savings achieved: ~26% compared to a standard V2V communication model  

 

Metric  Before Optimization  After Optimization  Actual Improvement  

Power Consumption per 

Vehicle  

2.5W  1.8W  ↓ 28% (Expected), ↓ 
26% (Actual)  

Packet Delivery Ratio  85%  92%  Expected: ↑ 7%, Actual: 
↑ 8.6%  

Handover Delay  5ms  2ms  Expected: ↓ 60%, 
Actual: ↓ 61%  

 

Observation: The system achieved an energy efficiency improvement of ~26%, slightly below the expected 28% but 

still within an optimal range 

 

Performance Metrics for each Simulation Scenario  

1. Urban Traffic Scenario Output  

 

 

 

 

 

 

 

 

 

 

 

vehicle density, frequent handovers successfully managed AI-based power control improved efficiency Actual latency: 

9.2ms (expected <10ms)  

 

2. Highway Scenario Output  

Fast-moving vehicles (80-120 km/h) handled with low delay AI optimized relay selection for better communication 

Actual latency: 7.8ms (expected <8ms)  

 

 

 

Parameter  Expected  Actual  

Latency  <10ms  9.2ms  

Parameter  Expected  Actual  

Packet 

Delivery  

>92%  93.6%  

Power 

Consumptio

n  

1.8W  1.83W  
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Parameter Expected Actual 

Latency  <8ms  7.8ms  

Packet 

Delivery  

>95%  95.2%  

Power 

Consumpti

on  

 

1.8W  1.81W  

 

3. Obstacle-Affected Scenario Output  

Multi-hop relay effectively bypassed obstacles Expected packet success >90%, achieved 92.5% 

 

Parameter  Expected  Actual  

Packet 

Delivery  

>90%  92.5%  

Latency  <10ms  9.5ms  

Power 

Consumpti

on  

 

1.8W  1.82W  

 

Observation: All simulation scenarios closely matched expected results, with successful handovers and stable 

communication.  

 

Fig. Interactive Dashboard for V2V Simulation 

 

V. CONCLUSION AND FUTURE WORK 

 

This project demonstrates that energy efficiency in V2V communication can be significantly improved through 

intelligent transmission control and real-time optimization using AI-based algorithms. By simulating different traffic 

scenarios using tools like NS-3 and OMNeT++, we observed a notable reduction in power consumption—without 

sacrificing communication reliability or latency. These results highlight the potential of adaptive power strategies to 

support sustainable and efficient vehicular communication systems, especially as 5G becomes more widely adopted. 

Future work will explore several directions: 

 

Future enhancements can include real-world implementation of the proposed model using physical 5G hardware and 

on-road vehicles. Further improvements could integrate more advanced machine learning techniques for predictive 

energy control and context-aware communication. Exploring hybrid network models that combine 5G with DSRC and 

LTE-V2X could also improve robustness and adaptability. Additionally, energy-aware security protocols and battery-
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state-driven communication adjustments can be considered to further optimize performance in electric and hybrid 

vehicles 
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