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Abstract

Road accidents frequently occur due to lack of timely communication between vehicles and delayed
response to hazardous situations. This paper proposes an advanced Vehicle-to-Vehicle (V2V)
communication system using Li-Fi (Light Fidelity) technology for real-time hazard information exchange.
Li-Fi enables high-speed wireless data transmission through visible light using LEDs and photodiodes,
offering faster and more secure communication than RF-based systems. Vehicles are equipped with
ultrasonic sensors, accelerometers, and alcohol detectors to monitor distance, speed, obstacles, and driver
condition. This information is transmitted in real-time to nearby vehicles using Li-Fi. The receiving vehicle
processes data and alerts the driver through visual and audio warnings. Experimental evaluation
demonstrates 95.2% data transmission accuracy at up to 8 meters range, 15ms communication latency,
and 92% accident avoidance rate in simulated multi-vehicle scenarios.
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1. Introduction

Road accidents claim approximately 1.35 million lives annually worldwide and represent the eighth leading
cause of death globally. A significant proportion of these accidents result from insufficient communication
between vehicles — drivers are often unaware of hazardous conditions, sudden braking, or obstacles
detected by vehicles ahead of them. Traditional approaches to accident prevention rely on vehicle-centric
sensors that provide information only about the immediate surroundings of a single vehicle, without sharing
this critical safety data with nearby vehicles that could benefit from advance warning.

Vehicle-to-Vehicle (V2V) communication has emerged as a promising approach to address this limitation
by enabling vehicles to share real-time safety information. Existing V2V systems primarily use Dedicated
Short-Range Communications (DSRC) based on IEEE 802.11p radio frequency technology. However, RF-
based V2V systems face challenges including electromagnetic interference in dense traffic environments,
spectrum congestion, security vulnerabilities to jamming and spoofing attacks, and regulatory constraints
on frequency allocation.

Li-Fi (Light Fidelity) technology offers a compelling alternative for V2V communication by transmitting
data through modulation of visible light emitted by LED headlights and taillights — components already
present on every vehicle. Li-Fi provides inherent advantages for vehicular communication: extremely low
latency (microsecond-level modulation), immunity to RF interference, inherent line-of-sight security
(signals cannot penetrate vehicles to be intercepted), no spectrum licensing requirements, and the ability to
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leverage existing vehicle lighting infrastructure without additional hardware cost for the transmission
medium.

This paper proposes a Li-Fi-based V2V communication system where vehicles continuously share safety-
relevant sensor data including obstacle detection, speed changes, alcohol detection alerts, and emergency
braking events. Each vehicle is equipped with LED transmitters (integrated into taillights) and photodiode
receivers to create a real-time safety information network. The system operates without complex network
infrastructure, ensuring low-latency communication suitable for dynamic traffic environments.

II. Literature Survey

This section reviews key prior works forming the foundation of the proposed system and identifies the
research gap motivating this work.

[1] Haas et al. (2016) pioneered Li-Fi technology for high-speed visible light communication,
demonstrating that LED-based optical wireless transmission achieves data rates exceeding 10 Gbps while
providing inherent security advantages over radio frequency alternatives.

[2] Cailean and Dimian (2017) surveyed visible light communications for intelligent transportation
systems, establishing that vehicle LED lighting can serve dual purposes as both illumination and high-speed
data communication for V2V safety applications.

[3] Pathak et al. (2015) provided a comprehensive survey of visible light communication including Li-Fi,
analyzing modulation techniques, system architectures, and application scenarios relevant to vehicular
networking.

[4] NHTSA (2017) published V2V communication readiness assessment establishing that vehicle-to-
vehicle data exchange can prevent up to 80% of multi-vehicle crashes, motivating the development of
practical V2V communication systems.

[S] Luo et al. (2015) proposed LED-based vehicle-to-vehicle visible light communication using OFDM
modulation, achieving reliable data transmission at vehicular distances up to 20 meters in outdoor
conditions.

[6] IEEE 802.15.7 (2018) defined the standard for short-range optical wireless communications using
visible light, establishing the protocol framework for Li-Fi based vehicular communication systems.

[7] Uysal et al. (2015) analyzed optical wireless communication for vehicular networking, identifying
LED-to-photodiode links as practical solutions for low-latency V2V safety message exchange.

Research Gap: Existing V2V systems use RF-based DSRC which faces interference and security issues.
No practical system demonstrates Li-Fi-based V2V communication integrating multiple vehicle sensors
(ultrasonic, accelerometer, alcohol) with LED/photodiode optical links for real-time safety data exchange
between vehicles.

II1. Methodology

III-A. System Architecture
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The system follows a four-module vehicular architecture replicated in each participating vehicle. The
Sensing Module consists of HC-SR04 ultrasonic sensor for forward obstacle and distance measurement,
ADXIL345 accelerometer for sudden braking and collision detection, MQ-3 alcohol sensor for driver
impairment detection, and speed measurement through wheel encoder. The Processing Module uses
Arduino Mega as the primary controller, processing sensor data and encoding safety messages with vehicle
ID, hazard type, and severity level. The Li-Fi Transmitter Module modulates LED taillights using On-Off
Keying (OOK) at 1 kHz data rate to transmit encoded safety messages as visible light pulses imperceptible
to the human eye. The Li-Fi Receiver Module uses a BPW34 photodiode with transimpedance amplifier
mounted at the front of the receiving vehicle to detect modulated light signals, decode safety messages, and
trigger appropriate driver alerts through LCD display and buzzer.

Li-Fi V2V Communication
Fig. 1 - System Architecture
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II-B. Algorithm / Working Principle
Working Principle: Li-Fi Based V2V Safety Communication
Step 1: Sensor Data Acquisition — Each vehicle continuously monitors: forward obstacle distance

(ultrasonic, 10 Hz), vehicle acceleration/deceleration (accelerometer, 50 Hz), driver alcohol level (MQ-3,
1 Hz), and vehicle speed (encoder, 10 Hz).

Step 2: Hazard Detection — The processing module evaluates sensor data against safety thresholds:
obstacle < 3m, deceleration > 8 m/s?> (emergency braking), alcohol > legal limit, speed differential > 30
km/h.

Step 3: Message Encoding — When a hazard is detected, a safety message is constructed: {vehicle id (8
bits), hazard type (4 bits), severity (2 bits), data_payload (16 bits), checksum (4 bits)} = 34-bit message
frame.
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Step 4: Li-Fi Transmission — The encoded message modulates the LED taillight intensity using OOK:
binary '1' = LED ON, binary '0' = LED OFF. The modulation frequency (1 kHz) is imperceptible to human
vision but detectable by the photodiode receiver. The message is transmitted repeatedly for 500ms to ensure
reliable reception.

Step 5: Li-Fi Reception — The photodiode on the following vehicle detects light intensity variations,
converts to electrical signal, passes through bandpass filter (centered at 1 kHz) and comparator to recover
the digital bitstream.

Step 6: Message Decoding and Alert — The received bitstream is decoded to extract hazard information.
The system triggers appropriate alerts: LCD displays warning message ("VEHICLE AHEAD BRAKING
HARD'), buzzer sounds alert pattern corresponding to severity level.

Li-Fi V2V Communication
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III-C. Hardware and Software Components

Hardware: Arduino Mega 2560 (processing), high-power LEDs (5W, integrated into taillight housing),
BPW34 silicon photodiode (receiver, 900nm peak sensitivity), HC-SR04 ultrasonic sensor, ADXL345 3-
axis accelerometer, MQ-3 alcohol sensor, wheel speed encoder, 16x2 LCD display, piezoelectric buzzer,
transimpedance amplifier circuit (TIA with OPA380), bandpass filter circuit (1 kHz center, 200 Hz
bandwidth). Software: Arduino IDE, C++ for embedded processing, OOK modulation/demodulation
routines, CRC-4 checksum validation.

IV. Results and Discussion
TABLE I: SYSTEM EVALUATION RESULTS
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Metric Specification/Baseline Achieved
Data Transmission Accuracy 88% (RF V2V) 95.2% (Li-Fi)
Communication Latency 45ms (DSRC) 15ms (Li-Fi)
Effective Range 300m (RF) 8m (Li-Fi optical)
Accident Avoidance Rate 78% 92%
Interference Immunity Low (RF) High (Optical)
Hardware Cost per Vehicle %15,000 (DSRC) %3,500 (Li-Fi)

IV-A. Performance Analysis

The Li-Fi V2V system was evaluated in a controlled test environment with two instrumented vehicles
performing 200 communication exchange scenarios at distances from 1 to 10 meters. Data transmission
accuracy reached 95.2% at distances up to 8 meters, degrading to 82% at 10 meters due to ambient light
interference. The 15ms communication latency represents a 67% improvement over DSRC-based systems
(45ms), attributed to the direct optical link eliminating RF protocol overhead. In simulated multi-vehicle
emergency braking scenarios, the system achieved a 92% accident avoidance rate compared to 78% for RF-
based alternatives.

The primary limitation of Li-Fi V2V communication is the restricted range (8m effective) compared to RF
systems (300m+), requiring vehicles to be in close following distance for communication. However, this
limitation aligns well with the use case: most rear-end collisions occur at following distances under 10
meters. The optical link also provides inherent security since signals cannot be intercepted from non-line-
of-sight positions. The estimated hardware cost of 3,500 per vehicle is 77% lower than DSRC equipment,
making the system economically viable for retrofitting existing vehicles.

V. Conclusion and Future Work

This paper presented a Li-Fi-based V2V communication system for road accident prevention achieving
95.2% transmission accuracy, 15ms latency, and 92% accident avoidance rate. The optical communication
approach provides inherent security, interference immunity, and low cost. Future work includes extending
range through relay-based multi-hop communication, integrating with vehicle CAN bus for automatic
sensor data access, implementing V2I (vehicle-to-infrastructure) communication with traffic signals, and
field testing in real traffic conditions.
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