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Abstract

Rain sensing wiper systems are a useful feature in modern vehicles that help improve both driver
comfort and safety. Instead of the driver having to manually adjust the wiper speed during changing
weather conditions, the system automatically detects rain on the windshield and responds
accordingly. This is especially helpful during sudden or uneven rainfall, where constant manual
adjustment can be distracting. In this paper, we present the design and implementation of a rain
sensing wiper system that makes use of sensors, a microcontroller, and simple control logic. The
sensor is placed in a position where it can detect water droplets on the windshield surface. Once rain
is detected, the system processes the input and adjusts the speed of the wipers based on how heavy
the rainfall is. For light rain, the wipers move slowly, while for heavier rain, the speed increases
automatically. The system was tested under different conditions, and the results show that it responds
quickly and works efficiently. Compared to traditional manually operated wipers, this approach
reduces the need for driver intervention and helps maintain better visibility, making driving safer

and more convenient.
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1. Introduction

In recent years, the automotive industry has focused
heavily on improving safety, comfort, and automation.
One critical factor for safe driving is clear visibility,
especially during rainy conditions. Rainfall can
obstruct the driver’s view, increasing the chances of
accidents. In conventional systems, drivers must
manually turn on the wipers and adjust their speed
based on If applicable, include funding details here.
Otherwise, remove this section rain intensity. This not
only becomes inconvenient but can also distract the
driver, particularly during sudden or varying rainfall.
To overcome this limitation, rain sensing wiper
systems have been developed as an automated
solution. These systems are designed to detect rain on
the windshield and activate the wipers without
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requiring any manual input. By doing so, they help
maintain clear visibility while allowing the driver to

stay focused on the road. The system works by using
sensors to detect water droplets on the windshield.

Commonly, either optical sensors or resistive sensors
are used. Optical sensors detect changes in reflected
infrared light when rain is present, while resistive
sensors measure changes in electrical resistance
caused by water. The sensor data is then processed by
a microcontroller, which determines the intensity of
rainfall and adjusts the wiper speed accordingly—
ranging from intermittent wiping for light rain to
continuous high-speed operation for heavy rain. This
automatic response reduces driver distraction and
ensures quick action during unexpected weather
changes. As a result, the system significantly improves
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safety and driving comfort. With the increasing
demand for smart and automated vehicle features,
rain sensing wipers have become an important part of
modern automotive design. They also demonstrate
the effective use of embedded systems in real-world
applications.

2. Related Work

Several researchers have worked on improving rain
sensing wiper systems using different technologies
and approaches. Early work by Paramasivam and
Priya [1] focused on simple automatic systems that
detect rain and activate wipers without driver input,
improving both convenience and safety. Kumar and
Patel [2] further enhanced this concept using
microcontroller-based designs, which provided better
accuracy and faster response. More advanced
systems, such as the ARM-based design by Mohan and
Deepak [3], demonstrated how improved processing
capability can increase detection efficiency. Different
sensing techniques have also been widely explored in
the literature. Optical sensors using infrared
technology, as discussed by Wu and He [4], provide
high accuracy and reliability in detecting rainfall.
Computer vision techniques introduced by Diaz and
Contreras [5] enable intelligent detection of rain and
fog, improving environmental awareness. loT-based
systems developed by Karthik and Rajan [6] allow
real-time monitoring and data logging, making the
system more
approaches include capacitive sensing methods [7]
and embedded automotive modules [8], which offer

efficient and connected. Other

improved flexibility and performance in different
operating conditions. Systems integrating additional
features such as automatic headlight control [9]
further enhance vehicle safety. Arduino-based
implementations [10] provide simple, low-cost, and
effective solutions, making them suitable for small-
scale and educational applications.

3. Materials and Methods

The rain sensing wiper system is designed using a
simple combination of a sensor, a microcontroller, and
a motor mechanism. The aim is to automatically
detect rain and control the wiper speed without
requiring any manual action from the driver. The
system mainly consists of a rain sensor, an Arduino
microcontroller, and a servo motor. The sensor
detects water on its surface and produces an analog
signal. This signal is processed by the microcontroller,
which decides how the wiper should operate.
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Sensor Operation A resistive rain sensor is used in this
project because it is simple and cost-effective.

When water droplets fall on of the proposed system
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Fig. 1. Block diagram

the sensor, the resistance decreases and the output
voltage changes. To make the system reliable, the
sensor was tested under different conditions such as
dry surface, light rain, and heavy rain. Data The sensor
output is connected to the analog pin of the Arduino.
The analog signal is converted into digital values (0-
1023). These values indicate the level of moisture
present on the sensor. A servo motor is used to
simulate the wiper movement. The motor rotates back
and forth to create the wiping action.
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Fig. 2. Flowchart of system operation
The rain sensing wiper system works by
automatically detecting the presence of water on the
sensor surface and controlling the wiper accordingly.
The system continuously monitors environmental
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conditions and responds in real time without any
manual input. A resistive rain sensor is used to detect
water droplets. When the sensor surface is dry, it
offers high resistance. As soon as water droplets fall
on it, the resistance decreases due to the formation of
conductive paths.

The sensor output is given to the analog input of the
Arduino microcontroller. The built-in ADC converts
this analog signal into a digital value ranging from 0 to
1023. Lower values indicate higher moisture levels,
while higher values represent dry conditions. The
microcontroller continuously reads the sensor value
and compares it with predefined thresholds. Based on
this comparison, it determines the intensity of rainfall.

 Dry condition: Wiper remains OFF
e Light rain: Slow wiping
e Moderate rain: Medium speed

e Heavy rain: Fast wiping

Once the rain intensity 1is identified, the
microcontroller sends control signals to the motor. In
this prototype, a servo motor is used to simulate the
wiping action. The motor rotates back and forth to
mimic the movement of a real wiper. The speed of this
motion depends on the detected rainfall intensity. As
the wiper clears the water, the sensor detects a
reduction in moisture. The microcontroller updates
the output accordingly. When the surface becomes
dry, the system automatically turns off the wiper. The
rain sensor detects water droplets on its surface and
produces an analog output proportional to moisture

level.

A microcontroller (such as Arduino or similar)
processes sensor data and generates control signals.
The motor driver circuit controls the speed of the
based the
microcontroller. The wiper motor performs the
physical wiping action on the windshield.

wiper motor on signals from

The rain sensing wiper system can be used in a wide
range of applications where automatic rain detection
is required. It is mainly used in automobiles such as
cars, buses, and trucks to automate windshield wiper
operation and improve driving comfort. The system
can also be integrated into smart vehicles as part of

advanced automation features, contributing to
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improved safety systems. Apart from road vehicles,
the system can be applied in railway systems to
maintain clear visibility for train drivers during rainy
conditions. It is also useful in agricultural vehicles and
outdoor machinery that operate in open
environments. In industrial settings, the system can
be used in equipment exposed to weather conditions.
Furthermore, it can be ex tended to IoT-based
monitoring systems,
detection plays an important role in data collection
and automation.

environmental where rain

A. Software Implementation

The system is programmed using Arduino IDE. The
micro controller continuously reads the sensor value
and updates the motor operation accordingly
[language=C, caption=Arduino code for automatic
wiper control] include jServo.h; Servo wiperServo;
const int rainPin = A0;

void setup() wiperServo.attach(9);
void loop() int value = analog Read(rainPin);
if (value j 300) wiperServo. Write (120);

if (value ; 600) wiperServo. Write (80); //
medium else

wiperServo. Write (0); // off
delay (200)
4. Results and Discussion

The performance of the rain sensing wiper system
different
conditions to understand its accuracy, response time,
and overall reliability. The system was tested by
manually simulating rainfall using water droplets of
varying intensity on the sensor surface.

was evaluated under environmental

A. Test Setup

The experimental setup consisted of a rain sensor
module connected to an Arduino microcontroller,
along with a servo motor to simulate the wiper action.
A controlled amount of water was applied to the
sensor to represent light, moderate, and heavy.n.
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Fig. 3. Experimental setup used for testing the system
A. Sensor Response Analysis

The rain sensor produced different analog values
depending on the amount of water present on its
surface. It was observed that higher moisture levels
resulted in lower analog values, while dry conditions
produced higher values. These readings were
consistent across multiple trials, showing that the
sensor was able to reliably detect variations in rainfall
intensity. Minor fluctuations were observed due to
uneven distribution of water droplets, but they did
not significantly affect system performance.

B. Wiper Response and Control

Based on the sensor input, the microcontroller
successfully categorized the rainfall into different
levels and controlled the wiper speed accordingly.

TABLE I

SENSOR VALUE VS WIPER ACTION

Condition Sensor Value @ Wiper Action
Dry >600 OFF
Light Rain 300-600 Slow Wipe
Heavy <300 Fast Wipe
Rain

C. Response Time

The overall response time of the system was found to
be very fast. The sensor detected the presence of
water almost instantly, and the microcontroller
processed the input within a few milliseconds. The
total system response, including motor activation,
was observed to be less than 200 ms. This quick
response ensures that the wiper activates without
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noticeable delay, which is important for maintaining
visibility during sudden rainfall.

D. Accuracy and Reliability

The system showed high accuracy in detecting
moderate and heavy rainfall conditions, with
consistent wiper activation in all trials. In the case of
very light rain, slight delays were observed due to
minimal water contact on the sensor surface.
However, this behavior is acceptable for a low-cost
prototype. The system also demonstrated stable.

operation during continuous testing. No unexpected
resets or abnormal motor behavior were observed,
indicating good reliability

E. Limitations

Although the system performed well, some limitations
were identified. The resistive sensor is sensitive to
dirt, dust, and water accumulation, which can
sometimes affect accuracy. In addition, the system
does not differentiate between rain and other forms of
moisture such as condensation.

F. Future Scope

In future, the system can be enhanced by using optical

sensors instead of resistive sensors. Optical sensors
are more accurate and less affected by dirt or
corrosion, which improves long-term reliability.

The system can also be integrated with a DC motor
and motor driver circuit instead of a servo motor to
make it suitable for real automotive applications.

This would allow better control over speed and
torque. Another possible improvement is the use of
adaptive control techniques such as fuzzy logic or
machine learning. These methods can help the system
adjust more intelligently to changing rain patterns
and reduce unnecessary wiper movements.

5. Conclusion

In this work, a simple and effective rain sensing wiper
system was designed and implemented using a
resistive rain sensor and an Arduino microcontroller.
The system was able to automatically detect the
presence of rain and control the wiper movement
without any manual input. From the results, it is clear
that the system responds quickly to changes in
moisture and adjusts the wiping speed accordingly.

© IJETCEAI( www. ijetceai.com)



International Journal of Emerging Technologies in Computing, Electronics and Atrtificial Intelligence ISSN: 3139-5945 (Online)

The overall performance was stable, and the system
worked reliably under different testing conditions.
One of the main advantages of this design is its
simplicity and low cost, which makes it suitable for
small-scale applications and educational purposes. At
the same time, it demonstrates how basic sensors and
embedded systems can be used to solve real-world
problems. Although the system performs well, there is
still room for improvement in terms of sensor
accuracy and advanced control techniques. With
further development, this system can be extended for
use in real vehicles..
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