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Abstract: Night-time driving accidents mainly occur due to poor road visibility during turns and curves. Conventional vehicle
headlights remain fixed in one direction and fail to illuminate curved roads effectively. This limitation reduces driver visibility and
increases accident risks during night driving. To overcome this problem, a Mechanical Steering-Controlled Adaptive Headlight System
is proposed.

The proposed system mechanically connects the steering mechanism with the headlight assembly so that the headlights automatically
rotate according to steering wheel movement. During turning operations, the headlights illuminate the curved path, thereby improving
visibility and driver safety. The system consists of a steering linkage mechanism, rotating headlight assembly, return spring mechanism,
and pivot arrangement.

The developed system improves road illumination, reduces blind spots, enhances driver confidence, and minimizes accident
possibilities during night driving. The proposed design is economical, simple, reliable, and suitable for automobiles operating in urban
and highway conditions.

Keywords: Adaptive Headlight System, Steering Control, Automobile Safety, Night Driving, Mechanical Linkage, Vehicle Lighting
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I. INTRODUCTION

Automobile safety has become an important concern in modern transportation systems due to increasing vehicle usage and road traffic
accidents. Night driving is particularly dangerous because of reduced visibility, especially while negotiating curves and turns.
Conventional headlights are fixed in a forward direction and cannot adjust according to steering movement. As a result, the driver
experiences limited visibility while turning, increasing the possibility of accidents.

Adaptive headlight systems are developed to improve visibility during turning conditions. These systems rotate the headlights
according to the steering angle and illuminate the curved road ahead. Adaptive lighting systems can be implemented using electronic
or mechanical methods.

Mechanical steering-controlled adaptive headlight systems are simple, economical, and reliable compared to complex electronic
systems. In this method, the steering mechanism is mechanically linked to the headlight assembly. As the steering wheel rotates, the

headlights automatically turn toward the direction of the vehicle movement.

The present work focuses on the design and development of a mechanical adaptive headlight system for improving night driving safety
and visibility.

II. LITERATURE REVIEW
Several researchers have investigated adaptive vehicle lighting systems to improve automobile safety during night driving.

Patil et al. developed a steering-controlled headlight system and reported improved road visibility during curved driving conditions.
Their study highlighted reduced blind spots and better illumination efficiency.

Ramesh and Kumar studied adaptive lighting systems using mechanical linkages and concluded that mechanical systems are cost-
effective and reliable for automobile applications.

Basavarajappa et al. investigated vehicle safety systems and found that adaptive headlights significantly reduce night-time accidents
caused by poor visibility.

Sharma et al. analyzed rotating headlight mechanisms and observed that steering-based movement improves driver confidence during
highway driving.

The literature indicates that adaptive headlight systems provide considerable improvement in night driving safety. However,
economical and mechanically operated systems suitable for low-cost vehicles require further investigation.
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II1. MATERIALS AND METHODS

3.1 Components Used

Component Purpose

Steering Mechanism Controls headlight movement
Headlight Assembly Provides illumination
Mechanical Linkage Transfers steering motion
Pivot Joint Enables rotational movement
Return Spring Restores original position
Mounting Frame Supports assembly

3.2 Working Principle
The adaptive headlight system works based on steering wheel movement. A mechanical linkage is connected between the steering
mechanism and headlight assembly.
When the steering wheel rotates:
e The linkage transfers motion to the headlights.
e The headlights rotate toward the turning direction.
e During left turn, headlights rotate left.
e During right turn, headlights rotate right.
e  Return springs restore headlights to normal position after steering returns to center.
The system improves illumination on curved roads and enhances driver visibility.

IV. EXPERIMENTAL PROCEDURE

4.1 Fabrication of System

The headlight assembly was mounted on a pivot arrangement allowing angular movement. Mechanical linkages were connected
between the steering column and headlight mounting frame.

The linkage dimensions were selected to achieve proper angular rotation of headlights according to steering angle.

4.2 Testing Procedure
The system was tested under different steering conditions:

e  Straight motion
e  Leftturn
e Right turn

e  Sharp curve conditions
Headlight movement angle and illumination performance were observed during testing.

V. RESULTS AND DISCUSSION

5.1 Headlight Rotation Analysis
Steering Angle Headlight Rotation

0° 0°

15° Left 8° Left
30° Left 15° Left
15° Right 8° Right
30° Right 15° Right

The results indicate effective synchronization between steering angle and headlight rotation.

5.2 Visibility Improvement
Condition  Conventional Headlight Adaptive Headlight

Straight Road Good Good
Curved Road Poor Excellent
Sharp Turn  Limited Visibility Improved Visibility

The adaptive system improved visibility during turning conditions and reduced dark zones on curved roads.

5.3 Advantages Observed
e  Better road illumination
e Improved driver visibility
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Reduced blind spots

Increased night driving safety
Low-cost implementation
Simple mechanical construction

VI. CONCLUSION

The Mechanical Steering-Controlled Adaptive Headlight System was successfully designed and tested. The developed system
effectively rotates headlights according to steering wheel movement and improves road illumination during turning conditions.

The system enhances driver visibility, reduces accident possibilities, and improves night driving safety. Compared to electronic
adaptive systems, the proposed mechanical system is economical, simple, reliable, and easy to maintain.

The developed adaptive headlight mechanism is suitable for automobiles operating under night driving conditions and can be
implemented in low-cost vehicles.

VII. FUTURE SCOPE

Future work may focus on:

Integration with automatic sensors
Servo motor-assisted adaptive systems
IoT-based smart vehicle lighting
Al-based adaptive illumination

LED matrix headlight systems
Automatic brightness control

IMAGES OF THE MODEL

Fig 7: Front View of Steering Control Headlight System (Prototype).

Fig 8: Top View Steering Control Headlight System (Prototype).
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