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Abstract- Automatic Beam Dimming System plays a crucial role in enhancing night-time driving safety by addressing the
problem of headlight glare caused by oncoming vehicles. In conventional vehicles, drivers are required to manually switch
between high and low beam headlights based on road conditions. This manual operation often results in delayed reactions,
distraction, and improper beam usage, which significantly increases the risk of road accidents during night driving. Continuous
exposure to high-intensity headlights can temporarily impair the vision of drivers, leading to reduced situational awareness.
Therefore, an automated solution is essential to ensure timely and accurate beam adjustment without depending on driver
intervention.

The proposed system employs light sensors such as Light Dependent Resistors (LDR) or photodiodes to detect the intensity of
incoming light from approaching vehicles. The sensed data is processed by a microcontroller, which automatically controls a relay
module to switch the headlight beam between high and low modes. This automatic operation ensures optimal road illumination
for the driver while minimizing glare for other road users. The system provides fast response, improved driver comfort, and
enhanced road safety. Additionally, its low-cost components and energy-efficient design make it suitable for integration in both
two-wheelers and four-wheelers. Overall, the system offers a practical, reliable, and efficient approach toward intelligent vehicle
lighting and modern automotive safety systems.

Index Terms - Automatic Beam Control, LDR Sensor, Microcontroller, Vehicle Safety, Embedded Systems
[. INTRODUCTION

Road safety during night-time driving has become a significant concern due to reduced visibility and excessive glare produced
by vehicle headlights. During night conditions, the human eye requires more time to adapt to sudden changes in light intensity.
High-beam headlights, although useful for illuminating long distances, often cause discomfort, temporary blindness, and
delayed visual recovery for drivers of oncoming vehicles. This glare effect is one of the major causes of road accidents,
particularly on highways and poorly illuminated roads.

In conventional vehicles, headlight beam control is performed manually by the driver. The driver must continuously monitor
traffic conditions and switch between high and low beams accordingly. This manual process demands constant attention,
quick reflexes, and good judgment. However, in real-world driving scenarios, especially during long night journeys, drivers
may experience fatigue, distraction, or delayed reaction times. As a result, high beams may remain ON longer than required,
increasing the risk of glare-related collisions.

With the rapid growth of traffic density and increased night-time travel, manual beam switching has become inefficient and
unreliable. Drivers may forget to dim headlights, respond late to oncoming vehicles, or misuse high beams due to lack of
awareness. These limitations highlight the need for an intelligent and automated lighting system that can respond instantly to
changing road and traffic conditions without relying on driver intervention.

Recent advancements in embedded systems and automotive electronics have enabled the development of smart vehicle safety
solutions. Automatic headlight control systems can significantly improve night-time driving safety by dynamically adjusting
headlight intensity based on real-time environmental conditions. Such systems not only reduce driver workload but also
ensure consistent and accurate beam control, thereby improving overall road safety.

To address these challenges, this paper proposes an Automatic Beam Dimming System that detects the intensity of incoming
light from approaching vehicles and automatically switches between high and low beam modes. The system uses light sensors
and a microcontroller-based control mechanism to provide fast and reliable beam switching. By minimizing glare and ensuring
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optimal visibility, the proposed system enhances driver comfort, reduces accident risk, and offers a practical and cost-effective
solution suitable for modern vehicles, including two-wheelers and four-wheelers.

II. LITERATURE SURVEY

Over the years, numerous research efforts have focused on improving night-time driving safety by addressing the problem of
headlight glare. Traditional vehicle headlight systems rely entirely on manual control, requiring the driver to switch between
high and low beam modes depending on traffic conditions. While this approach is simple to implement, it heavily depends on
driver alertness and reaction time. Studies indicate that delayed or improper beam switching is a major factor contributing to
glare-related accidents, especially during night driving on highways and poorly illuminated roads.

To overcome the limitations of manual headlight control, researchers have proposed automatic beam dimming systems using
light-sensing technologies. One of the most commonly adopted approaches involves the use of Light Dependent Resistors
(LDR) and photodiodes to measure incoming light intensity. Patil and Deshmukh developed an automatic headlight control
system using an LDR and microcontroller, where the beam intensity is adjusted based on detected light levels. Their system
demonstrated improved driver comfort and reduced glare; however, the accuracy of detection was affected under varying
environmental conditions such as fog, rain, and ambient street lighting.

Kumar and Gupta proposed a smart vehicle headlight control system that incorporated improved sensing mechanisms and
threshold-based decision logic. Although their system provided better switching accuracy compared to basic LDR-based
designs, it required additional hardware components, increasing system cost and complexity. Similarly, Singh and Kaur
implemented an automatic beam switching mechanism using light sensors, emphasizing simplicity and low cost. However,
their system faced challenges in distinguishing between oncoming vehicle headlights and other light sources, such as roadside
lamps or reflections.

Several researchers have explored embedded-system-based solutions to improve reliability and response time. Kumar and
Reddy designed an embedded headlight dimmer using microcontrollers, focusing on low power consumption and fast
response. While their approach reduced processing delays, it still relied on fixed threshold values, limiting adaptability to
dynamic traffic and lighting conditions. These studies highlight the trade-off between system simplicity and detection accuracy
in low-cost embedded solutions.

In recent years, advanced techniques using camera-based detection and image processing have gained attention. These
systems analyse visual data to identify oncoming vehicles, road curvature, and lighting conditions. Lee and Kim discussed
intelligent automotive lighting systems that integrate cameras with advanced algorithms to achieve precise beam control.
Although camera-based systems offer high accuracy and adaptability, they require high computational power, expensive
hardware, and complex software frameworks. As a result, such systems are mainly suitable for high-end vehicles and are not
practical for two-wheelers or low-cost automobiles.

Other studies have explored the integration of machine learning and artificial intelligence to enhance headlight control
systems. These approaches enable adaptive decision-making based on real-time data and driving patterns. While promising,
Al-based systems demand extensive training data, higher memory, and increased processing capability, which further raises
system cost and power consumption. This limits their feasibility for widespread deployment in budget-friendly vehicles.

From the reviewed literature, it is evident that an ideal automatic beam dimming system should achieve a balance between
accuracy, response time, cost, and ease of implementation. Manual systems lack reliability, while advanced camera-based and
Al-driven systems introduce excessive complexity and cost. Existing LDR-based systems are affordable but suffer from
limitations in environmental adaptability.

Therefore, there is a clear need for a practical and efficient solution that combines simplicity with reliable performance. The
proposed Automatic Beam Dimming System addresses these gaps by utilizing light sensors and a microcontroller-based
control mechanism to achieve real-time beam switching. The system focuses on fast response, cost-effectiveness, and ease of
integration, making it suitable for both two-wheelers and four-wheelers while significantly improving night-time driving
safety.
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III. PROPOSED SYSTEM

The proposed Automatic Beam Dimming System is designed to intelligently control vehicle headlight operation by
automatically switching between high and low beam modes based on real-time detection of incoming light intensity. The
system eliminates the need for manual beam control, thereby reducing driver workload and minimizing glare-related
accidents during night-time driving. The design focuses on simplicity, reliability, fast response, and cost-effectiveness, making
it suitable for integration in both two-wheelers and four-wheelers.

A. System Overview

The system consists of five major components: a light sensing unit, a processing unit, a control unit, a power supply unit, and
an output unit. The light sensing unit continuously monitors the intensity of light from oncoming vehicles. When the detected
light exceeds a predefined threshold value, the processing unit analyses the input and generates a control signal.

This signal is then sent to the control unit, which switches the vehicle headlight from high beam to low beam. Once the
incoming light intensity decreases below the threshold, the system automatically restores the high beam.

This real-time operation ensures optimal road illumination for the driver while preventing discomfort and temporary
blindness for oncoming drivers. The system operates continuously without requiring driver intervention, ensuring consistent
and reliable headlight control under varying traffic and lighting conditions.

B. Sensor Module

The sensor module plays a critical role in detecting incoming light intensity from approaching vehicles. The system uses Light
Dependent Resistors (LDR) or photodiodes as sensing elements due to their simplicity, low cost, and sensitivity to changes in
light intensity. The resistance of the LDR decreases when exposed to high-intensity light, producing a corresponding change in
voltage.

The sensor is positioned in such a way that it effectively captures light from oncoming vehicles while minimizing interference
from ambient light sources such as street lamps. The analogue output from the sensor is continuously monitored and sent to
the microcontroller for further processing. Proper calibration of the sensor ensures accurate detection and reliable system
performance.

C. Processing Module

The processing module consists of a microcontroller such as Arduino or ATmega328P, which acts as the central control unit of
the system. The microcontroller receives analogue signals from the sensor module and converts them into digital values using
its built-in Analog-to-Digital Converter (ADC). These values are then compared with predefined threshold levels stored in the
program memory.

Based on the comparison results, the microcontroller decides whether the headlight beam should remain in high beam mode
or switch to low beam mode. The processing logic is designed to ensure fast decision-making with minimal delay. Additionally,
hysteresis logic can be implemented to avoid frequent beam switching due to minor fluctuations in light intensity.

D. Control Module

The control module is responsible for physically switching the headlight beam between high and low modes. It consists of a
relay circuit controlled by the microcontroller’s digital output pins. When the microcontroller sends a control signal, the relay
activates and switches the headlight to the required beam mode.

Relays are chosen due to their ability to handle high current loads associated with vehicle headlights. The control module
ensures smooth and reliable switching without affecting headlight performance. Electrical isolation provided by the relay
protects the microcontroller from high-voltage fluctuations, enhancing system durability.

© 2026, IRJET | ImpactFactorvalue:8.315 | 1S09001:2008 Certified Journal | Page 23



’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 13 Issue: 01 | Jan 2026 www.irjet.net p-ISSN: 2395-0072

E. Power Supply Module

The power supply module provides a stable and regulated voltage to all system components. The system typically uses the
vehicle’s 12V DC battery as the primary power source. Voltage regulators are employed to step down the voltage to levels
suitable for the microcontroller and sensors.

This module also includes protective components such as diodes and capacitors to safeguard the system against voltage
spikes, reverse polarity, and noise. A stable power supply ensures consistent system operation even under varying vehicle
electrical conditions.

F. Output Module

The output module represents the final stage of the system where the actual headlight beam adjustment takes place. Based on
the control signals generated by the microcontroller, the headlight switches automatically between high and low beam modes.
The output ensures optimal illumination for the driver while reducing glare for oncoming vehicles.

The system operates in real time and adapts dynamically to changing traffic conditions. This automatic control enhances
driving comfort, reduces eye strain, and improves overall road safety during night-time driving.

G. System Operation Algorithm

The operational flow of the proposed system can be summarized as follows:

1. Initialize system components and set threshold values.
Continuously monitor incoming light intensity using the sensor module.
Convert sensor output to digital form using the microcontroller ADC.
Compare detected light intensity with threshold value.
If intensity exceeds threshold, switch headlight to low beam.

If intensity falls below threshold, switch headlight to high beam.

N o 1A w DN

Repeat the process continuously for real-time operation.
H. Advantages of the Proposed System

The proposed Automatic Beam Dimming System offers several advantages:
e Reduces glare-related accidents during night-time driving
e Minimizes driver workload and distraction
e Provides fast and reliable beam switching
o Energy-efficient and cost-effective design
e  Suitable for both two-wheelers and four-wheelers

e Easy to implement and maintain
I. Comparison with Existing Systems

Compared to manual and camera-based systems, the proposed system offers a balanced solution by combining simplicity and
efficiency. Manual systems depend on driver response, while camera-based systems are expensive and computationally
complex. The proposed sensor-based approach achieves reliable performance with minimal hardware and low processing
requirements, making it suitable for widespread adoption.

© 2026, IRJET | ImpactFactorvalue:8.315 | 1S09001:2008 Certified Journal | Page 24



"/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 13 Issue: 01 | Jan 2026

www.irjet.net

p-ISSN: 2395-0072

IV. FIGURES
Block Diagram: High Beam Area
IR IR d Light
=1 Emitterl i Detectorl
= = /
" Emitter2 "] Detector2 Electrom
Low Logic Level agnetic
Beam (High / Low) Relay
Area IR IR Switching
| Emitter3 | Detector3 ClICHit
IR TR Relay
| Emittera "] Detector4 Driver
- IR IR / : /
High = Emitter5 1 Detector5
Beam
Area
PIC Microcontroller
PIC 16FS77
Power Supply(+5V DC)
Figure 1- System Architecture
Activate Automatic N\ __ . >
Beam Dimming
<«<extends>>
Incoming Vehicle
\ Detect Oncoming Light EEREREPEREPPS
<«extends>>
Driver
Switch Headlight to Low Beam )-----------
<«<extends>> E
v
Switch Headlight to High Beam
Figure 2- Use Case Diagram
© 2026, IRJET | ImpactFactorvalue:8.315 | 1S09001:2008 Certified Journal | Page25



g‘!,‘ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
IRJET Volume: 13 Issue: 01 | Jan 2026 www.irjet.net p-ISSN: 2395-0072

Figure 3- Sequence Diagram

V. RESULTS AND DISCUSSION

The proposed Automatic Beam Dimming System was tested and validated using simulation tools such as Proteus and Think
arcade to evaluate its functionality and performance under various night-time driving conditions. These simulation platforms
allowed accurate modelling of the sensor inputs, microcontroller logic, and relay-based headlight control. Different lighting
scenarios were created by varying the intensity of incoming light to simulate oncoming vehicle headlights.

The simulation results demonstrate that the system is capable of accurately detecting incoming light intensity and responding
appropriately by switching between high and low beam modes. When no oncoming vehicle is present, the headlight remains in
high-beam mode, providing maximum road illumination. Upon detection of high-intensity light from an approaching vehicle,
the system immediately switches to low-beam mode, thereby reducing glare for the oncoming driver. Once the vehicle passes
and the detected light intensity drops below the predefined threshold, the system automatically restores the high beam.

The response time of the system was observed to be very fast due to the simple sensor-based detection mechanism and direct
microcontroller control. The absence of complex image processing or heavy computation ensures real-time operation with
minimal delay. This quick response is critical for preventing temporary blindness and improving driver reaction time during
night driving.

Overall, the system effectively reduces glare, enhances driver comfort, and improves night-time driving safety. The simulation
results confirm that the proposed design provides reliable performance, energy efficiency, and practical feasibility. These
outcomes demonstrate that the Automatic Beam Dimming System is a suitable solution for intelligent vehicle lighting and can
be effectively implemented in real-world automotive applications.

VI. CONCLUSION and FUTURE WORK

The Automatic Beam Dimming System presented in this work effectively enhances night-time driving safety by automatically
controlling vehicle headlight beams based on the intensity of incoming light from oncoming vehicles. By eliminating the need
for manual beam switching, the system significantly reduces driver workload, distraction, and delayed reactions. The use of
light sensors, a microcontroller, and a relay-based control mechanism ensures fast and reliable switching between high and
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low beam modes, thereby minimizing glare-related visibility issues. Simulation results confirm that the system operates
efficiently in real time and provides improved driving comfort and safety during night conditions.

The proposed system is designed with simplicity, cost-effectiveness, and energy efficiency in mind, making it suitable for
integration in both two-wheelers and four-wheelers. Unlike complex camera-based or Al-driven solutions, the system requires
minimal hardware resources while delivering reliable performance. Its modular architecture allows easy implementation,
maintenance, and scalability, making it a practical solution for widespread adoption in modern automotive lighting systems.

Future enhancements of the system can focus on improving detection accuracy and adaptability under varying environmental
conditions. Camera-based detection techniques may be incorporated to identify vehicle distance and road curvature more
precisely. Machine learning algorithms can be applied to dynamically adjust threshold values based on traffic patterns and
lighting conditions. Additionally, integration with smart vehicle networks and advanced driver assistance systems (ADAS) can
further enhance system intelligence and enable communication with other vehicle safety modules. These improvements can
transform the proposed system into a more advanced and intelligent automotive lighting solution suitable for next-generation
vehicles.
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