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Introduction:  

Vehicle-to-Vehicle (V2V) communication has emerged as an important component of 

Intelligent Transportation Systems. It enables vehicles to exchange real-time information 

such as position, speed, direction, and safety warnings. The Drive Connect: Intelligent V2V 

Communication in Sync project focuses on developing a low-cost, reliable, and 

infrastructure-independent V2V communication system using embedded technology.  

The proposed system uses an ESP32 microcontroller integrated with nRF24L01 RF 

modules for wireless communication, GPS for vehicle positioning, and UWB for precise 

direction finding, OLED display for driver alerts, and a mobile application for enhanced user 

interaction. The system allows vehicles to exchange safety messages such as “Vehicle 

Approaching”, “Slow Down”, and “Overtake Request” in real time, thereby improving driver 

awareness and reducing accident risks. 

 
Figure 1: Device Subsystems   
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Objectives:  

1. To develop an intelligent in-vehicle communication and positioning system that 

enables nearby vehicles within a defined radius to exchange safety messages 

and navigation awareness. 

2. To integrate Ultra-Wideband (UWB) technology for achieving high precision 

distance measurement and angle-of-arrival detection, enabling accurate relative 

positioning of nearby vehicles. 

3. To design a hybrid communication architecture combining UWB for precise 

localization, RF (nRF24L01) for quick short-range message alerts, and BLE for 

smartphone connectivity. 

4. To implement a live top-view map interface that displays the precise location, 

angle, and movement direction of surrounding vehicles using UWB and GPS data. 

5. To improve road safety by reducing accidents caused by blind spots, 

miscommunication, poor visibility, and risky overtaking through automated, real-

time safety notifications. 

6. To enhance emergency response by providing an additional dedicated button for 

ambulance drivers that can remotely request traffic signal priority to clear the route 

safely. 

7. To develop a Kotlin-based Android application that offers a clean, user-friendly 

interface for receiving alerts, vehicle positions, and system status through BLE 

communication. 

8. To build a modular hardware system that can be easily installed in any vehicle 

without modifying existing electronics, ensuring cost effective deployment. 

9. To test and validate system performance in real-world conditions such as fog, 

night driving, intersections, heavy traffic, and emergency scenarios. 

10. To demonstrate the feasibility of implementing a high-precision, multi-

communication safety network that enhances driver decision making and 

supports emergency vehicles. 

Methodology: 

The project follows a structured device and user app implementation approach to build an 

efficient ecosystem for the nearby car, truck bus etc. The methodology consists of the 

following steps: 

1. Requirement Analysis - Identify functional requirements such as inter-vehicle 

communication, high-precision positioning, BLE app integration, and ambulance traffic-

light priority.  Design the system architecture integrating UWB modules, RF 

communication, GPS, ESP32 controller, and Android app connectivity.  

2. System Design - Select UWB modules capable of accurate distance and angle-of-arrival 

measurements. Interface ESP32 with UWB modules, nRF24L01 RF module, GPS, 

display unit, and input buttons. Configure power management, signal routing, and pin 

assignment.  

3. Development of UWB-Based Positioning System - Implement two-way ranging 

algorithms to measure distance between vehicles. Use angle-of-arrival processing to 

determine relative orientation of nearby vehicles. Fuse UWB data with GPS for stable, 

high-accuracy real-time positioning.  
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4. Schematic Design in KiCad - Create the full electronic schematic for the DriveMate 

system in KiCad. Ensure correct connections, decoupling capacitors, impedance 

matching, level shifting (if required), and safe power distribution. Validate schematic 

through electrical rule checks (ERC)  

5. PCB Layout Design and Optimization -   Create a compact PCB design with proper 

routing for UWB, RF, and high-frequency signals. Follow grounding and shielding 

practices to reduce interference.  

6. PCB Fabrication and Assembly - Manufacture the PCB using the generated Gerber 

files.  Assemble all components through soldering (SMD / through-hole). Verify power 

rails, continuity, and component placement before powering the system.  

7. Firmware Development for ESP32 - Implement UWB ranging algorithms for distance 

and angle-of-arrival detection. Develop RF message handling for short-range alerts. 

Integrate GPS data for real-time mapping and vehicle tracking. Code BLE 

communication protocols for Android app connectivity.  

8. UWB-Based Positioning System Integration - Calibrate UWB modules for precise 

ranging. -Fuse UWB data with GPS to enhance positional accuracy.  Apply filtering 

methods to minimize noise and drift.  

9. Emergency Vehicle Traffic Light Priority System - Integrate a dedicated emergency 

button for ambulance drivers.  Develop receiver modules for traffic lights to respond to 

emergency signals.  Test the system for reliability, latency, and range.  

10. Vehicle Dashboard User Interface - Develop a real-time top-view map showing 

surrounding vehicle positions using UWB and GPS fusion. Display alerts, directions, 

warnings, and emergency notifications. Ensure the interface is simple, clean, and 

distraction-free.  

11. Android Application Development (Kotlin + BLE) - Build an Android app using Kotlin for 

displaying alerts and nearby vehicle positions. Implement BLE scanning, connection, 

and real-time data updates.  Create a modern, intuitive user interface for easy 

interaction.  

12. Prototype Integration - Assemble the PCB, display, power system, and components into 

a compact enclosure.  Ensure secure mounting for use inside a vehicle dashboard.  Test 

hardware stability under movement and vibration.  

13. Testing and Validation - Evaluate UWB accuracy in various environments. Test RF 

communication reliability at different distances. Verify BLE performance between 

ESP32 and Android devices. Conduct on-road tests for fog, night driving, highway use, 

and emergency scenarios.  

14. Documentation - Prepare detailed documentation including schematics, PCB design, 

firmware, algorithms, app architecture, and testing results. Finalize the project report 

and incorporate feedback from the guide 

Result and Conclusion: 

In conclusion, 

1. Vehicle-to-Vehicle (V2V) communication represents a significant advancement in 

intelligent transportation systems by enabling real-time data exchange between nearby 

vehicles. This project demonstrates how vehicles can communicate critical information 

such as speed, direction, and hazard warnings to improve road safety and driving 

efficiency. 
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2. The developed system successfully shows that low-cost wireless communication 

technologies can be used to create a reliable network between vehicles within a limited 

range. By providing instant alerts for situations like sudden braking, blind spots, or 

overtaking, V2V communication helps in reducing accidents and enhancing driver 

awareness, especially in challenging conditions such as fog, traffic congestion, or poor 

visibility. 

3. Furthermore, the project highlights the potential for integrating V2V systems with 

modern technologies like IoT, GPS, and AI to create smarter and more autonomous 

transportation ecosystems. Although the current implementation may have limitations 

in range and scalability, it lays a strong foundation for future development. 

4. In conclusion, V2V communication has the capability to transform road safety by 

minimizing human error, improving traffic management, and paving the way toward 

connected and autonomous vehicles. With further advancements and real-world 

implementation, this technology can play a crucial role in building safer and more 

efficient transportation systems. 
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Future Scope:  

The future scope of this project includes:  

1. Integration with Smart City Traffic Infrastructure for Real-Time Traffic Insights. The 

system can be integrated with smart city infrastructure to enable real-time monitoring 

and management of traffic conditions. Vehicles can share data such as speed, density, 

and location with centralized systems or roadside units. This data can be used to 

optimize traffic signals, reduce congestion, and improve overall traffic flow. Such 

integration supports the development of intelligent transportation systems in urban 

environments. 

2. Early Detection of Ambulance Arrival for Zero-Delay Emergency Response. The system 

can be extended to detect and prioritize emergency vehicles like ambulances in traffic. 

Ambulances equipped with V2V modules can broadcast their presence to nearby 
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vehicles and traffic systems. This allows surrounding vehicles to clear the path in 

advance and enables traffic signals to automatically turn green along the route. This 

significantly reduces response time and can help save lives during critical situations. 

3. Integration with GPS-Based Toll Collection Systems with Enhanced Security V2V 

communication can be combined with GPS-based toll systems to enable seamless and 

automated toll collection. Vehicles can transmit identification and location data securely 

to toll infrastructure without requiring physical stops. This reduces congestion at toll 

booths and improves travel efficiency. Additionally, encryption and authentication 

mechanisms can be implemented to ensure secure and fraud-resistant transactions. 

 


