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1. Abstract

Driving through fog is one of the most dangerous
experiences a motorist can face, and yet most vehicles

still rely on headlights designed for clear-sky conditions.

The “Fog Adaptive Smart Headlight and Automation
Speed Control System” was developed to directly
address this gap — offering an intelligent, embedded
solution that responds in real time to deteriorating

visibility. A significant share of highway accidents can
be traced back to what researchers call “veiling
luminance”: when standard headlights scatter off tiny
fog droplets and bounce the light right back at the driver,
creating a blinding white wall effect. Rather than
expecting drivers to react manually under these stressful
conditions, this project proposes a two-layer automated
safety response. The first layer is the Adaptive
Lighting Layer — an Arduino Uno paired with an LDR
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and IR/Fog sensor that continuously reads the
surrounding atmosphere. When fog is detected, it
triggers Pulse Width Modulation (PWM) to
intelligently reduce LED brightness and commands a
Servo Motor to physically angle the beam downward
toward the road surface. The second layer is the
Automation Speed Layer — which monitors vehicle
RPM through a Hall-effect sensor and steps in to limit
speed whenever the system detects a hazardous
condition. Together, these two layers form an affordable,
practical safety net that brings smart vehicle protection
to everyday cars, without the price tag of premium
automotive systems.

2. Keywords

Adaptive Front-lighting System (AFS), Arduino Uno,
Fog Density Sensing, Pulse Width Modulation (PWM)),
Backscattering ~ Mitigation, = Hall-Effect = RPM
Monitoring, Servo-based Beam Steering, Embedded C,
Automotive Automation, LDR (Light Dependent
Resistor).

3. Introduction

3.1 Background of the Study Over the past few
decades, vehicle safety has transformed from physical
safeguards like seatbelts and airbags into active, sensor-
driven systems that can anticipate and respond to danger.
Among these factors, lighting plays a surprisingly
critical role. Standard headlights were built for open
roads under clear skies — they operate at a fixed output
regardless of what’s in front of them. In fog, that
becomes a problem. Fog is composed of microscopic
water droplets, typically between 1 and 10 micrometers
in diameter. When a high-intensity beam strikes these
droplets, it triggers a physical process known as Mie
Scattering, where the light scatters back directly into
the driver’s eyes rather than illuminating the road ahead.

3.2 Problem Identification Anyone who has driven
through the sudden fog banks common around
Coimbatore or through hilly terrain knows how
disorienting it can be. Reaching for the fog light switch
while trying to stay on the road is a distraction that has
led to countless accidents. Compounding the problem,
many drivers simply don’t slow down enough when
visibility drops — either out of habit, overconfidence,
or because they don’t realize how severe the conditions
are. What’s needed is a system that doesn’t wait to be
told what to do — one that senses the environment and

simultaneously adjusts both the lighting and the
vehicle’s speed without any input from the driver.

4. Review of Literature

4.1 Comparative Analysis of Existing Systems Work
by Reza et al. (2025) explored Light-Acquisition
Control Systems (LACS) as a way to reduce energy
consumption in street lighting. The approach was
effective in static, infrastructure-based settings, but it
was never designed for moving vehicles — it lacked any
mechanism for physically redirecting a light beam. A
separate body of research demonstrated strong results
using PL.C-based DC Motor monitoring for precise
speed regulation, but those systems relied on industrial-
grade controllers from companies like Renesas —
putting them well out of reach for most consumer
vehicles.

4.2 Research Gap What stands out across the existing
literature is that lighting control and speed regulation
have almost always been treated as entirely separate
problems. No one seems to have asked: what if the same
sensor event that triggers a lighting adjustment also
enforces a safe speed limit? That’s the gap this project
addresses. By building on the accessible, open-source
Arduino platform, it becomes possible to create a
unified safety loop — one that is genuinely affordable
and practical for the budget-segment vehicles that
currently have no access to these features.

S. Scope of the Study

Commercial Vehicles: Trucks and buses traveling
through regions with dramatically shifting weather
conditions stand to benefit enormously from this
kind of automated safety layer, with minimal retrofit
complexity.

Autonomous Navigation: As self-driving vehicles
become more widespread, camera-based perception
systems remain vulnerable to fog and mist. This
hardware-level safety override can step in precisely
when the Al’s vision fails, providing a reliable fallback
that doesn’t depend on software alone.

Smart Infrastructure: The same sensing and actuation
principles can extend beyond vehicles. Municipal street
lighting could be made adaptive — dimming and
adjusting beam angles automatically in response to
localized weather conditions, improving visibility for
all road users at once.
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Industrial Safety: Factory floors are full of automated
guided vehicles (AGVs) that must navigate reliably
through dust, steam, and other airborne particles. The
visibility-sensing logic developed here could be directly
applied to reduce collision risks in these industrial
environments.

6. Research Methodology

This project was developed through an Experimental
Prototyping Methodology:

Requirement Engineering: The first step was to
establish what the sensors would actually tell us —
specifically, at what voltage output does the
environment shift from clear air into genuinely
hazardous fog. These threshold values became the
decision boundaries the entire system depends on.

Hardware Architecture: Connecting the
ATmega328P microcontroller to the array of analog
sensors and digital actuators required careful attention

to pin assignments, voltage levels, and signal timing.

Software Development: A custom mapping algorithm
was written in the Arduino IDE to translate the raw
analog sensor readings (ranging from 0 to 1023) into
meaningful PWM duty cycle values (0 to 255), allowing
smooth, proportional control of the LED brightness.

Testing Environment: To validate the system under
realistic conditions, a controlled mist chamber was
constructed to simulate varying densities of fog. The
servo motor’s response time and the LED dimming
behavior were both recorded and analyzed against
expected performance benchmarks.

if (fogValue > THRESHOLD)

{
analogWrite(LED_PIN, 128);

myServo.write(45);

}

else {
analogWrite(LED_PIN, 255);
myServo.write(90);

7. System Architecture (Hardware & Circuitry)

At its core, the system follows a clean “Sense—Process—
Actuate” loop, where every component has a clearly

defined role in the chain from perception to physical
response.

Input Stage: Three sensors form the eyes of the system
— an LDR to gauge ambient light levels, an IR Fog
Sensor to detect moisture in the air, and a Hall-effect
sensor to track wheel speed in real time.

Processing Stage: An Arduino Uno sits at the heart of
the system, continuously reading the sensor data and
deciding what action the actuators should take.

Output Stage: The physical responses are handled by
three components: an SG90 Servo motor to tilt the
headlight beam, an LED driver circuit to adjust
brightness, and an L293D Motor Driver to bring the
vehicle’s speed under control.

8. Interpretation and Results

Three distinct test scenarios were used to evaluate the
system’s behavior across a range of conditions:

Condition 1 (Clear Night): With both LDR and IR
readings low, the system correctly recognized a clean
nighttime environment. The LED held at full brightness
and the servo stayed horizontal at 90°, giving the driver
maximum forward visibility.

Condition 2 (Dense Fog): Once the IR sensor
registered elevated moisture, the system responded
immediately — dropping LED intensity to 45% to
eliminate the blinding “white wall” effect, and tilting the
servo to 35° to push the beam down toward the road
surface where it could do the most good.

Condition 3 (High Speed in Fog): When the Hall-
effect sensor detected RPM levels above the safe
threshold during foggy conditions, the motor driver
kicked in automatically to reduce vehicle speed — no
driver input required.

9. Conclusion

This project demonstrates something both simple and
significant: that a well-designed sensor network, built
around an affordable microcontroller, can do what
drivers often cannot — respond instantly and correctly
to dangerous conditions. By automating the headlight’s
reaction to fog, the system reduces the backscattering
that blinds drivers and redirects light where it’s actually
useful. The speed control layer adds a second line of
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defense, ensuring the vehicle doesn’t continue at an
unsafe pace even if the driver doesn’t react in time.
What began as a prototype has grown into a genuine
proof of concept for the kind of affordable, sensor-
driven safety technology that India’s automotive market
urgently needs as it moves toward smarter vehicles.
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