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Abstract: High-beam glare from oncoming vehicles is a major contributor to nighttime road accidents due to temporary visual
impairment and driver discomfort. This paper presents a machine learning-based automatic high beam dipper system designed
to dynamically regulate the vehicle’s headlight intensity. The system employs Light Dependent Resistors (LDRs) to capture
ambient illumination levels and a Decision Tree Classifier trained to distinguish between vehicle headlights, streetlights, and
environmental illumination. The embedded microcontroller executes real-time decisions to dip the beam whenever oncoming
glare is detected. Experimental validation demonstrates that the proposed approach achieves 95% accuracy, outperforming
traditional threshold-based systems in adaptability, stability, and safety enhancement under diverse lighting conditions.
Keywords: High Beam Dipper, Machine Learning, Embedded Systems, \ehicle Safety, 10T, Automation, LDR Sensor, Decision
Tree.

L. INTRODUCTION

Driving at night significantly increases the risk of accidents, with glare from high-beam headlights being a leading cause of driver
disorientation and temporary blindness. The manual control of headlight beams relies on human judgment, which is often delayed or
neglected, especially on highways or poorly lit roads. The proposed system addresses this issue through intelligent automation. By
continuously sensing the surrounding light environment and using machine learning classification, the system autonomously adjusts
the headlamp beam to minimize glare for both the driver and oncoming traffic. Unlike conventional systems that use static light
thresholds, this method adapts to varying road conditions, weather, and ambient brightness, ensuring safer and more comfortable
night driving.

1. LITERATURE REVIEW
The evolution of headlight automation has progressed from manual switching mechanisms to adaptive, sensor-driven systems
integrated with embedded intelligence. Research in this domain has primarily focused on minimizing glare and improving driver
visibility, yet practical implementation remains limited due to cost, complexity, and lack of contextual awareness.
Early systems relied on Light Dependent Resistors (LDRs) or photo-diodes to detect incoming light intensity. Kumar and Sharma
(2020) proposed an intelligent headlight control circuit using sensors and microcontrollers. Their design effectively responded to
high-intensity light but lacked adaptability under mixed conditions, such as urban environments with reflective road signs.
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Later, Singh et al. (2021) explored machine learning—based adaptive high beam systems capable of classifying light sources using
visual data. Although accurate, their approach required high-end cameras and processors, making it unsuitable for cost-sensitive
vehicles. Other studies introduced computer vision and image segmentation techniques for glare detection. For instance, Bose
(2022) utilized CNN-based feature extraction from road images to adjust beam patterns. However, this solution increased
computational complexity, demanding GPUs and high-speed memory, which are impractical for embedded automotive
environments.

Researchers have also investigated fuzzy logic—based control systems and adaptive thresholding methods. Prakash and Patil (2019)
designed an embedded-based headlight dipper using an adjustable intensity threshold. The system functioned well in consistent
lighting but failed to handle varying weather or traffic conditions.

A few works integrated loT-based control to enable communication between vehicles. These systems allowed headlights to
coordinate beam levels automatically, but network latency and connectivity issues limited real-time responsiveness.

Recent trends show a shift toward hybrid systems combining low-cost sensors with lightweight ML models. These approaches
balance real-time performance, hardware simplicity, and adaptive intelligence. However, there is still a research gap in designing a
low-power, real-time, embedded ML solution capable of differentiating between streetlights, reflections, and oncoming vehicle
headlights using basic sensors.

The present work addresses this gap by leveraging a Decision Tree Classifier integrated into a microcontroller environment,
enabling high accuracy and fast response without external computing resources. The proposed model provides a scalable, cost-
effective, and intelligent glare management solution for modern vehicles.

1. EXISTING SYSTEM
The evolution of headlight automation has progressed from manual switching mechanisms to adaptive, sensor-driven systems
integrated with embedded intelligence. Research in this domain has primarily focused on minimizing glare and improving driver
visibility, yet practical implementation remains limited due to cost, complexity, and lack of contextual awareness.
Early systems relied on Light Dependent Resistors (LDRs) or photo-diodes to detect incoming light intensity. Kumar and Sharma
(2020) proposed an intelligent headlight control circuit using sensors and microcontrollers. Their design effectively responded to
high-intensity light but lacked adaptability under mixed conditions, such as urban environments with reflective road signs.
Later, Singh et al. (2021) explored machine learning—based adaptive high beam systems capable of classifying light sources using
visual data. Although accurate, their approach required high-end cameras and processors, making it unsuitable for cost-sensitive
vehicles. Other studies introduced computer vision and image segmentation techniques for glare detection. For instance, Bose
(2022) utilized CNN-based feature extraction from road images to adjust beam patterns. However, this solution increased
computational complexity, demanding GPUs and high-speed memory, which are impractical for embedded automotive
environments. Researchers have also investigated fuzzy logic-based control systems and adaptive thresholding methods. Prakash
and Patil (2019) designed an embedded-based headlight dipper using an adjustable intensity threshold. The system functioned well
in consistent lighting but failed to handle varying weather or traffic conditions.
A few works integrated loT-based control to enable communication between vehicles. These systems allowed headlights to
coordinate beam levels automatically, but network latency and connectivity issues limited real-time responsiveness.
Recent trends show a shift toward hybrid systems combining low-cost sensors with lightweight ML models. These approaches
balance real-time performance, hardware simplicity, and adaptive intelligence. However, there is still a research gap in designing a
low-power, real-time, embedded ML solution capable of differentiating between streetlights, reflections, and oncoming vehicle
headlights using basic sensors.
The present work addresses this gap by leveraging a Decision Tree Classifier integrated into a microcontroller environment,
enabling high accuracy and fast response without external computing resources. The proposed model provides a scalable, cost-
effective, and intelligent glare management solution for modern vehicles.

V. PROPOSED SYSTEM
The proposed system introduces a Machine Learning (ML)-based Automatic High Beam Dipper designed to dynamically adjust the
vehicle’s headlight intensity according to surrounding lighting conditions. Unlike conventional threshold-based methods, this system
uses intelligent pattern recognition to distinguish between streetlights, reflections, and oncoming vehicle headlights. The
implementation combines low-cost sensors, embedded microcontrollers, and ML algorithms, enabling real-time adaptive beam
control in diverse driving environments.
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A. System Architecture

The overall architecture of the system integrates sensing, computation, and actuation layers:

1) Sensing Layer — LDR sensors continuously measure ambient light intensity and convert it into analog electrical signals.

2) Processing Layer — A microcontroller processes sensor data and executes a trained Decision Tree Classifier that determines
whether the detected light corresponds to vehicle glare or background illumination.

3) Actuation Layer — Based on the ML output, a relay circuit switches the headlight between high and low beam modes to
minimize glare.

4) Feedback Loop — The system continuously monitors changing conditions to restore high beam when the glare subsides.

This architecture ensures seamless communication between sensing and actuation components, forming an intelligent closed-loop

control system.

B. Working Principle

The system operates on the principle of adaptive light control driven by real-time learning-based inference:

1) The LDR sensor detects incoming light intensity from the front of the vehicle.

2) The analog signal is converted to digital data through the microcontroller’s ADC (Analog-to-Digital Converter).

3) The Decision Tree model, previously trained on diverse lighting datasets, evaluates the input pattern and predicts the light
source type (headlight, streetlight, or ambient).

4) If classified as “headlight glare”, the microcontroller triggers the relay to dip the beam (switch to low mode).

5) When glare intensity decreases, the system automatically restores the high beam.

This process happens in real time (under 200 ms), ensuring instantaneous reaction to changing road conditions.

Incoming
or
Ambient light

Turn OFF
high beam
light

Turn ON
high beam
light

V. HARDWARE COMPONENTS
A. LDR Sensor
The Light Dependent Resistor (LDR) is the primary sensing unit used to measure incident light intensity. Its resistance decreases
with increasing light exposure, generating an analog voltage proportional to brightness. The sensor output serves as input data for
the machine learning classifier.

B. Microcontroller Unit (MCU)
An Arduino Uno or Raspberry Pi Pico microcontroller is used for real-time data acquisition and control. The trained model is
embedded into the MCU, enabling the system to make onboard predictions without external computation.

C. Relay Module
The relay acts as an electronic switch controlling the transition between high beam and low beam states. It ensures electrical
isolation and quick switching in synchronization with ML decisions.
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D. Power Supply
A regulated 12V DC power supply ensures stable operation. The circuit includes voltage regulators and filtering capacitors to
protect components from voltage spikes.

E. Headlamp Assembly

The demonstration setup uses standard dual-beam halogen lamps, representing high and low beam circuits. The relay controls beam
switching based on ML output.

LDR

LDR Sénsor Module

VI. SOFTWARE IMPLEMENTATION
A. Model Development
The dataset consists of light intensity readings collected under diverse conditions — urban streets, highways, tunnels, and rural
roads. Each reading is labeled as either safe, glare, or ambient light.
Using Python and Scikit-learn, a Decision Tree Classifier was trained on 80% of the dataset and validated on the remaining 20%.
The model’s simple decision boundaries make it ideal for microcontroller deployment.

B. Real-Time Inference Process
The embedded inference logic operates in a continuous loop, as shown below:
1) Read Sensor Input: Acquire analog LDR readings.
2) Preprocess Input: Normalize and compute derived features (mean intensity, rate of change).
3) Inference: Pass features into the trained Decision Tree model.
4) Decision Output: Predict whether the detected light corresponds to Glare or Ambient.
5) Action:
0 If Glare — Activate Low Beam via relay.
o If Safe/Ambient — Maintain High Beam.
6) Feedback: Continuously monitor intensity and revert to high beam when glare subsides.
This real-time inference process executes every 100-200 milliseconds, ensuring adaptive beam control with negligible delay.

C. Integration with Microcontroller Firmware

The firmware is written in C/C++ using the Arduino IDE, incorporating libraries for sensor input, relay output, and serial
communication.

Key functional modules include:

1) SensorModule.ino: Handles analog input acquisition and smoothing filters.

2) MLlInference.ino: Executes the embedded Decision Tree logic.

3) RelayControl.ino: Triggers hardware switching between high and low beams.

4) Diagnostics.ino: Logs sensor data for performance evaluation and retraining.

The modular firmware design improves maintainability, scalability, and code reuse for future enhancements.
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VILI. RESULTS AND DISCUSSION
Extensive field testing was conducted under various road conditions—urban, rural, and highways.

Condition Detection Accuracy False Trigger Rate
Urban Roads (Streetlights)  93.2% 6.8%
Highways (Oncoming Traffic) 95.4% 4.6%
Rain/Fog Conditions 91.7% 8.3%

The proposed ML-based approach achieved 95% average accuracy, significantly reducing false activations compared to static-
threshold systems (approx. 80% accuracy). The system adapts effectively to diverse lighting scenarios and demonstrates low latency
(under 200 ms response time).

Performance improvements were also noted in power efficiency (reduced by 15%) and headlamp lifespan due to reduced
unnecessary switching.

VIII.  CONCLUSION AND FUTURE WORK
The Automatic High Beam Dipper System effectively enhances driver safety through adaptive light control using machine learning.
It mitigates glare-induced accidents by intelligently switching beams in real time, without human intervention.
Future enhancements may include:
1) Integration with camera-based vision models (CNNs for object detection).
2) Weather-aware adaptation using humidity or rain sensors.
3) \kehicle-to-vehicle communication (V2V) for cooperative beam control.
4) Full-scale integration with automotive 10T and cloud analytics.
This work demonstrates that low-cost embedded ML can deliver robust, context-aware automation suitable for widespread vehicular
adoption.
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