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ABSTRACT—

This paper presents an adaptive matrix headlamp system designed to improve nighttime driving safety by reducing glare from oncoming vehicles. The system uses
sensors and a camera to detect vehicles and identify their position relative to the headlamp. Based on the detected vehicle region, individual LED segments are
controlled to reduce light intensity in the corresponding area while maintaining illumination in other regions. An Arduino Uno is used to process the sensor inputs
and control the LED matrix. The proposed system provides selective beam control, improves visibility, and reduces glare for oncoming drivers. The system offers

a low cost approach for implementing adaptive lighting in vehicles and can contribute to safer nighttime driving.

Index Terms—Adaptive headlamp, matrix LED, vehicle detection, glare reduction, nighttime driving, intelligent lighting

I. INTRODUCTION

Nighttime driving can be challenging due to reduced visibility and glare caused by vehicle headlights. Conventional headlamps provide a fixed beam
pattern, which may illuminate oncoming vehicles directly and cause discomfort or temporary vision impairment to other drivers. An adaptive headlamp
system can overcome this limitation by controlling the direction and intensity of light according to the surrounding traffic conditions.

This paper presents an Adaptive Matrix Headlamp System that detects vehicles and selectively controls individual LED segments. The system uses a
camera and sensors to identify the position of vehicles and reduce the light intensity in the corresponding region. An Arduino Uno processes the sensor
inputs and controls the LED matrix. This allows the remaining areas of the road to remain illuminated while reducing glare toward other vehicles.

The proposed system aims to improve nighttime visibility, reduce glare, and enhance driving safety using a low cost and practical approach. The system
can be further developed for advanced automotive lighting applications.

I1. EASE OF USE

The proposed adaptive matrix headlamp system is designed to operate automatically with minimal driver intervention. The system detects vehicles using
a camera and sensors and controls the corresponding LED segments according to the detected vehicle position. This helps reduce glare for oncoming
vehicles while maintaining adequate illumination of the surrounding road area [1].

The system uses an Arduino Uno for processing sensor inputs and controlling the LED matrix. The use of easily available and low cost components
makes the proposed system simple to implement and suitable for prototype development. Similar camera based vehicle detection methods have been
studied for adaptive driving beam systems [4].

A. System Specifications

The proposed adaptive matrix headlamp system is developed using an Arduino Uno, camera module, ultrasonic sensors, IR sensors, LED matrix, LED
driver unit, and power supply. The camera and sensors are used to detect vehicles and determine their position, while the Arduino Uno processes the input
signals and controls the corresponding LED segments.

The system is designed to reduce glare by selectively controlling the LED segments facing the detected vehicle. The remaining LED segments continue
to provide illumination for the surrounding road area. The system specifications are selected to achieve a simple, low cost, and practical prototype for
adaptive vehicle lighting.
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III. SYSTEM PREPARATION

The proposed adaptive matrix headlamp system is designed by integrating a camera module, ultrasonic sensors, IR sensors, Arduino Uno, LED matrix,
LED driver unit, and power supply. The hardware and software components are configured to work together for detecting vehicles and controlling the
headlamp segments.

The camera and sensors provide information about the surrounding vehicles, while the Arduino Uno processes the received inputs. Based on the detected
vehicle position, the corresponding LED segments are controlled to reduce glare. The remaining LED segments continue to illuminate the road, providing
improved visibility during nighttime driving [1].

A. Abbreviations and Acronyms

The following abbreviations are used in this paper: LED stands for Light Emitting Diode, IR stands for Infrared, and PWM stands for Pulse Width
Modulation. Arduino Uno is used as the main microcontroller for processing sensor inputs and controlling the LED matrix. The term Adaptive Matrix
Headlamp System is used to describe the proposed intelligent headlamp system.

B. Units

+ The International System of Units (SI) is used throughout this paper. Distance is expressed in centimeters (cm), voltage in volts (V), and current
in amperes (A).

+ Sensor measurements such as vehicle distance are represented using standard SI units to maintain consistency throughout the system.

+ Mathematical equations use consistent units for all physical quantities. For example, the distance measured by the ultrasonic sensor is expressed
in centimeters.

+ Decimal values are written with a zero before the dec-imal point, such as 0.25, to maintain IEEE formatting conventions.

C. Equations

The distance of a detected vehicle is calculated using the time taken by the ultrasonic signal to travel to the object and return to the sensor. The
distance is given by

d=_ 1)

S

where d is the distance between the sensor and the detected vehicle, v is the speed of sound in air, and 7 is the measured time interval.
The electrical power consumed by the LED matrix can be calculated using

P=VI 2)

where P is the electrical power, V is the applied voltage, and / is the current consumed by the LED matrix.

IV. PROPOSED SYSTEM

The proposed adaptive matrix headlamp system is designed to improve nighttime driving safety by detecting vehicles and selectively controlling the
headlamp beam. The system consists of a camera module, ultrasonic sensors, IR sensors, Arduino Uno, LED matrix, LED driver unit, and power supply.
The camera and sensors detect the presence and position of vehicles in front of the system. The Arduino Uno processes the sensor information and controls
the corresponding LED segments. When a vehicle is detected in a particular region, the associated LED segments are dimmed or switched off to reduce
glare, while the remaining segments continue to

illuminate the road.

This selective control of the LED matrix provides better visibility for the driver while reducing glare for oncoming vehicles. The proposed system uses
low cost components and provides a practical approach for implementing adaptive vehicle lighting.

A. Some Common Mistakes

During the development of the adaptive matrix headlamp system, care must be taken to ensure correct sensor connections, proper power supply, and
accurate vehicle detection. Incorrect sensor readings may result in improper LED segment control and may affect the performance of the system.

The camera and sensors should be positioned correctly to obtain reliable vehicle detection. The threshold values used for vehicle detection should also be
selected appropriately to avoid unnecessary switching of the LED segments.

The Arduino Uno, LED driver, and LED matrix should be connected according to their required voltage and current ratings. Proper grounding and power
connections are necessary for stable system operation. The LED segments should be controlled according to the detected vehicle position so that glare is
reduced without significantly affecting the illumination of the road.

B. Authors and Affiliations
The authors of this paper are Swati Masti, Suprita Shira-hatti, Suraj Mullur, and Shridhar Sankonatti. All authors are affiliated with the Department of
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Electronics and Communica-tion Engineering, Jain College of Engineering and Research, Visvesvaraya Technological University, Belagavi, India.

C. System Organization

The paper is organized into several sections to describe the development and operation of the proposed adaptive matrix headlamp system. The introduction
presents the need for adaptive headlamp technology and the objectives of the proposed system. The literature review discusses existing vehicle detection
and adaptive lighting approaches.

The proposed system section describes the hardware components, system architecture, vehicle detection process, and LED matrix control. The results and
discussion section presents the observed performance of the system. Finally, the conclusion summarizes the proposed approach and discusses its potential
for improving nighttime driving safety.

Power Supply

. LED Driver Unit
Microcontroller

(ESP32)

Ultrasonic Sensor

ESP Camera Module

LED Matrix Display

Fig. 1. Block diagram of the proposed adaptive matrix headlamp system.

V.IMPLEMENTATION

The proposed adaptive matrix headlamp system is implemented by integrating the ESP32, ESP32 camera module, ultrasonic sensor, servo motor, LED
matrix headlamp, LED drive unit, and power supply. The ESP32 acts as the main controller and processes the inputs received from the sensors and camera
module.

The ESP32 camera module is used to detect the presence and position of vehicles in front of the headlamp. The ultra-sonic sensor is used to measure the
distance of the detected vehicle. Based on the detected vehicle position and distance, the ESP32 determines the corresponding LED segments that need
to be dimmed or switched off.

The LED matrix headlamp is divided into multiple sections to provide selective illumination. When an oncoming vehicle is detected, the corresponding
LED section is controlled through the LED drive unit to reduce glare toward the vehicle. The remaining LED sections continue to illuminate the road,
thereby maintaining adequate visibility.

The servo motor is used to provide the required mechanical movement in the implemented prototype. The complete system is powered using the specified
power supply, and the control program is developed and uploaded to the ESP32 using the Arduino IDE.

Fig. 2. Circuit Diagram of LED Matrix Headlamp System
Fig. 3. Led Matrix
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VI. RESULTS AND DISCUSSION

The proposed adaptive matrix headlamp system was successfully implemented and tested. The system detected the vehicle and controlled the
corresponding LED segments to reduce glare while maintaining illumination in the remaining regions. The experimental observation demonstrates that
the proposed system can selectively control the LED matrix based on the detected vehicle condition, thereby reducing glare and improving nighttime
visibility.

Fig. 4. Experimental result of the adaptive matrix headlamp system.

VII. CONCLUSION AND FUTURE SCOPE

A. Conclusion

The proposed adaptive matrix headlamp system aims to improve nighttime driving safety by reducing glare caused by oncoming vehicles. The system
integrates an ESP32, camera module, ultrasonic sensor, servo motor, and LED matrix headlamp to support vehicle detection and selective light control.
Based on the detected vehicle position, the corresponding LED segments can be controlled while the remaining segments provide illumination to the
surrounding area. This approach offers a practical and low-cost solution for adaptive automotive lighting.

B. Future Scope

The proposed system can be improved by implementing advanced image processing and object detection algorithms to identify vehicles more accurately
under different lighting and weather conditions. The LED matrix can be enhanced with a greater number of individually controlled segments for more
precise illumination. Future development may also include testing at different vehicle speeds and distances, evaluating glare reduction quantitatively, and
optimizing power consumption. These improvements could make the system more reliable and suitable for real-world automotive applications.
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