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Abstract: Is it feasible to automate the rain detector using an Arduino ESP-32 IoT device to enhance 

its performance? The Internet of Things [IOT] is changing weather practices and human life. 

Researchers are implementing IoT in weather practices. The development and statistical testing of 

an IoT-based rain detection module using the Arduino ESP32 microcontroller was the main focus 

of this study to enhance weather-based automation in smart environments. It was hypothesized that 

digital sensors and controllers could be interconnected to automate real-life systems, such as 

detecting rainfall and responding accordingly. This research aimed to provide a solution for urban 

areas where real-time rain monitoring is essential, especially for smart irrigation or safety systems. 

By implementing a rain detector system based on the IoT approach using the ESP32, the study offers 

a reliable, low-cost, and automated method to detect rain, trigger alerts, and integrate with other 

smart devices. An ESP-32 microcontroller was adapted and tested to collect real-time environmental 

data, specifically focused on detecting rainfall, humidity, temperature, and atmospheric conditions. 

Through its integrated Android application, the ESP-32 microcontroller enables users to monitor 

weather conditions remotely, providing real-time environmental updates and data analysis. This 

system supports better decision-making in weather-sensitive areas, automating responses such as 

halting irrigation or activating covers during rainfall. It has the potential to reduce water wastage 

by 30% and minimize weather-related damage by providing timely alerts through automatic rain 

detection. Using this IoT-based project, users, particularly in urban and rural areas, can manage 

outdoor systems more efficiently without relying on manual monitoring. It is recommended to 

implement this IoT-based rain-detection solution across both urban and rural agricultural 

environments to enhance weather management and disaster preparedness.   

 

Keywords: IOT Rain Detection System ESP-32; Wireless Rain Sensor; Weather Monitoring; Home 

Automation 

 

1. Introduction 

The Internet of Things (IoT) refers to a network of connected physical devices that communicate over the 

internet. These devices gather, send, and receive data without needing direct human input [1]. Often called 

"smart" devices, they include sensors, household appliances like smart lights and air conditioning units, 
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wearable tech such as smartwatches, cars, and industrial equipment [2]. IoT makes it easier to monitor, 

automate, and manage these devices remotely using technologies like Wi-Fi, Bluetooth, and mobile 

networks. With features such as automated tasks, data tracking for various parameters like temperature, 

motion, and humidity, and access through cloud services or mobile apps, IoT has numerous applications 

[3]. It is used in smart homes, healthcare, agriculture, and smart city projects, improving efficiency, 

convenience, and decision-making in personal and industrial environments. 

The Internet of Things (IoT) has transformed how we observe and engage with our surroundings. An 

IoT-based rain detection system utilizing the Arduino ESP32 offers an intelligent approach to real-time rain 

detection, transmitting data to connected devices or cloud services for monitoring and automation. This 

system is crucial for weather observation, agricultural practices, smart irrigation, and flood mitigation [4]. 

At the core of this system is the ESP32 micro-controller. This economical, energy-efficient board features 

built-in Wi-Fi and Bluetooth, making it perfectly suited for IoT applications. A rain sensor module, such as 

the YL-83 or FC-37, is employed to identify whether it is raining or to gauge its intensity [5]. Upon detecting 

rainfall, the ESP32 can send notifications over the internet, log data on cloud platforms like Thingspeak, 

Blynk, or Firebase, or initiate automation processes like shutting windows, deploying covers, or halting 

irrigation. This advanced rain detection system removes the necessity for manual checks and aids in the 

efficient use of resources, particularly in both urban and rural settings [6]. With capabilities such as real-

time notifications, wireless connectivity, and cloud-based data logging, the system fosters sustainable 

environmental management and promotes the evolution of smart cities and weather systems. 

 

2. Literature overview 

 In recent years, IoT has been increasingly applied to rain detection systems to improve real-time weather 

monitoring and automation [7]. The concept is straightforward: rainfall impacts many daily activities and 

operations, yet people often lack timely or accurate information. With IoT, detecting rain and responding 

to it can be automated. Small controllers like the Arduino ESP32 are commonly used in such systems due 

to their built-in Wi-Fi and low power consumption [8]. These systems can sense rainfall using modules like 

the YL-83 or FC-37 and send data to cloud platforms, making monitoring accessible from anywhere. 

Emerging technologies such as AI, blockchain, and edge computing are also being explored to enhance 

rain detection accuracy, data security, and decision-making, especially for applications in smart cities and 

disaster management [9].  

However, there are still challenges. Power consumption can be an issue, especially in remote installations. 

Rain sensors may degrade over time or produce inaccurate readings in harsh weather. Moreover, scaling 

these systems from small-scale projects to city-wide or agricultural or weather applications requires robust 

infrastructure and reliable connectivity [10]. Addressing these challenges is essential to make IoT-based 

rain detection systems more widespread and dependable [11]. 

2.1. System Architectures and Components: 

Advanced projects may include smart features like real-time notifications, automatic roof covers, or alerts 

to stop irrigation when it rains. Actuators such as servo motors, relays, and buzzers respond to rain 

detection, making the system more interactive. While many systems are automated, some may still need 

manual overrides or calibration for precision [12]. Together, these components create an efficient, scalable 

IoT-based rain detection network.  

Most IoT-based rain detector systems use microcontroller boards like Arduino UNO, NodeMCU (ESP32), 

or Raspberry Pi. Each board serves specific roles depending on how complex the system is. The Arduino 

UNO is ideal for beginners because of its simplicity and compatibility with basic rain sensors like YL-83 or 

FC-37, which detect raindrops on a sensing plate. NodeMCU boards (ESP32) are more advanced and offer 

built-in Wi-Fi and Bluetooth, making them suitable for projects that need real-time data transfer to cloud 

platforms like Blynk or ThingSpeak.  

For more powerful applications, you can use a Raspberry Pi. It acts as a mini-computer or a local server 

that processes and stores rain data locally before uploading it. The rain detection system may also include 

other environmental sensors, such as temperature, humidity (DHT11/DHT22), or wind speed sensors for 

better weather monitoring [13]. 

2.2. IoT Communication and Cloud Integration: 
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Cloud platforms are essential for collecting, visualizing, and analyzing rainfall data. For example, 

ThingSpeak can work with MATLAB to find trends or patterns in rainfall. This helps with weather 

forecasting and flood management. Firebase provides real-time database features, making it perfect for 

mobile apps. Platforms like Blynk let users create control dashboards with little coding [14]. This allows 

them to get notifications and track rainfall conditions through their smartphones. With these technologies, 

people can monitor rainfall and environmental conditions from almost anywhere [15]. 

Various rain detection systems utilize different techniques for data transmission and management. Wi-

Fi is the most commonly used option since it is available in most households, and micro-controller boards 

such as NodeMCU and ESP32 can easily connect to it. These boards are capable of transmitting real-time 

rainfall information to cloud platforms, including Firebase or ThingSpeak. To facilitate efficient 

communication between devices, MQTT is often employed due to its lightweight and dependable nature 

[16]. 

In rural or remote regions with limited internet connectivity, GSM or GPRS modules are preferred. 

Though these options may not enable continuous data transmission, they can still send SMS notifications 

when rainfall is detected, allowing users to take immediate actions, such as halting irrigation or deploying 

protective covers [17]. 

2.3. Automation and Control Strategies: 

Automation in rain detection systems can range from simple to highly advanced methods [18]. The most 

basic approach is threshold-based control, where the system triggers actions based on specific sensor 

readings. For example, if rainfall exceeds a certain level, an alert is sent, or a window is automatically 

closed. These straightforward rules are effective and widely used. More advanced rain detection systems 

incorporate fuzzy logic, where multiple environmental factors such as humidity, temperature, and 

atmospheric pressure are analyzed together, allowing the system to adapt more intelligently to changing 

weather conditions. Currently, most systems react only after rain begins [19]. However, researchers are 

exploring predictive analytics using artificial intelligence, such as convolutional neural networks (CNNs), 

to analyze weather patterns and sensor data in real time. This allows for early prediction of rainfall, 

enabling preventive actions like activating drainage systems or sending warnings [20]. Although these AI-

driven methods are still emerging, they hold significant potential for enhancing rain detection and 

management in the near future.

2.4. User Interfaces and Accessibility: 

A system is only helpful if users can interact with it easily. That’s why many IoT-based rain detector 

systems come with mobile apps or dashboards that show real-time rainfall data and allow for manual 

controls when needed. For instance, some projects have created Android/iOS apps that let users monitor 

the current rain status and environmental conditions remotely [21]. Alerts are also important. Services like 

Twilio can send SMS notifications when rain is detected. This allows users to take timely actions, such as 

pausing irrigation or securing outdoor equipment [22]. Dashboards made with Blynk or ThingSpeak 

provide visual representations of historical rainfall data through charts and graphs. This helps users 

observe weather patterns over time. Integration's with platforms like Home Assistant or Node-RED allow 

rain detection systems to work with other smart devices [23]. This makes the system more user-friendly 

and suitable for both urban and rural areas. 

2.5. Areas of Research and Emerging Opportunities: 

Even after years of research, rain detector systems still face several challenges [24]. Most of these systems 

depend on grid electricity. Renewable energy sources, like solar power, are rarely used. This limits their 

sustainability in remote or rural areas. Additionally, low-cost rain sensors are often chosen for their price, 

but they usually need frequent calibration or resetting. This compromises their long-term reliability. 

Scalability is another issue. While these systems work well in small setups, such as homes or research 

projects, there is limited evidence of their consistent performance in large-scale deployments, such as smart 

cities or agriculture-wide applications. Future improvements could tackle these challenges. AI can be used 

for predictive weather alerts and automated responses to rainfall patterns [25]. Blockchain technology may 

provide secure logging of rainfall data. Integrating 5G and edge computing can enable real-time decision-

making with minimal delay. For energy, solar panels paired with Li-ion batteries show promise for 
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uninterrupted power. In areas with poor internet access, LoRa-WAN can ensure stable, long-distance data 

transmission. With these advancements, IoT-based rain detector systems can become more efficient, 

scalable, and impactful for both rural and urban settings [26-28]

3. Experimental Setup 

The rain detector system overview as shown in fig 1, shows that we utilize the NodeMCU (ESP module) 

as the core micro-controller in the rain detector system. This device features a built-in Wi-Fi module that 

enables seamless wireless data transmission. Various sensors are connected to the NodeMCU, including a 

rain sensor (such as the YL-83 or FC-37) to detect rainfall intensity. A relay module is installed to control 

external devices like a siren or window-cover mechanism. When the micro-controller detects rain through 

the sensor, it sends a low-power signal to the relay, which then activates the connected device in real-time, 

for example, to close windows or pause irrigation systems. This setup is portable and energy-efficient, 

requiring recharging only once every one to two weeks. 

Data from the system is transferred to a mobile application using the Blynk platform, allowing users to 

view real-time rain data and receive alerts. The system diagram illustrates the relationship between all 

components, with the ESP-based device at the center. The Wi-Fi network serves as the access point for 

connectivity. Additional sensors like the DHT11 may be included to monitor temperature and humidity, 

giving more environmental context. The system continuously monitors conditions and updates the user 

via mobile notifications. The 12V battery and 7805 voltage regulator provide stable 5V DC power to the 

NodeMCU and all connected sensors. This ensures consistent performance across the system. The output 

includes real-time rain detection, sensor readings, and an IP address for remote access. Functional 

requirements include accurate rain sensing and device control, while non-functional requirements focus 

on portability, power efficiency, and user-friendliness. The components of the automated rain detector 

system with environmental monitoring can be seen in fig 2. 

                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Rain detector system overview 
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Figure 2. Components of an automated rain detector system with environmental monitoring 

3.1. Algorithm for Smart Weather Monitoring System 

 Overview: This algorithm describes the functionality of an IoT-based rain detection system using the 

ESP32 (NodeMCU) as shown in fig 3, rain sensor module (like YL-83 or FC-37), optional DHT11 sensor for 

environmental context, Blynk platform for mobile interaction, and an OLED display for real-time visual 

output.  

 

           

                                                  

 

 

 

    

 

 

 

 

 

Figure 3. Rain detector system setup                                    

Main Components: Sensor: Rain Sensor Module (e.g., YL-83 or FC-37) detects the presence and intensity 

of rainfall. Microcontroller: ESP–32 controls the system and provides built-in Wi-Fi for connectivity.  

Actuators:  Relay Module used to trigger external devices (e.g., alert systems, window covers). Buzzer or 

LED for real-time rain alerts. Display (optional): OLED (e.g., SH1106) shows live rain status and system 

state.   
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Connectivity:   

a) Wi-Fi enables data transfer and remote monitoring.   

b) IoT Platforms: Blynk, ThingSpeak, or Firebase for real-time alerts and cloud logging. 

Initialization: 

a) Define Blynk Credentials:    Template ID, Device Name, and Auth Token. 

b) Include Required Libraries:   Wi-Fi, Blynk, Rain Sensor, OLED Display libraries. 

c) Configure Wi-Fi Network Credentials:   SSID and Password for internet connectivity. 

d) Define Hardware Pin Assignments:  Rain Sensor Module on GPIO34 (Analog Input)   

ED Indicators:   

a) Green LED (Rain not detected) on GPIO26   

b) Red LED (Rain detected) on GPIO27   

c) Relay Module for external device control on GPIO25   

d) OLED Display (SH1106): SDA on GPIO21, SCL on GPIO22 

Set Blynk Virtual Pins:   

Assign virtual pins to display rain status and control outputs in the Blynk app. 

             Initialize Variables:   

a) Rain threshold value (e.g., analog < 500 means rain detected)   

b) Rain detected flag = false 

Setup Routine:   

a) Start serial communication at 9600 baud   

b) Configure GPIO pins as input/output   

c) Initialize OLED and show boot message   

d) Connect to Wi-Fi and the Blynk server   

e) Set up a timer to read rain sensor values every 2 seconds and update the display/app. 

Main Loop: 

Main Loop & Rain Detection Functionality: 

a) Continuously Run Blynk Operations  

b) Keep the connection alive for real-time updates 

c) Execute Timer-Based Functions (every 2 seconds) 

d) Periodically check rain sensor readings 

e) Sensor Reading & Control Function (Every 2 Seconds) 

f) Read Rain Sensor Analog Value 

g) Use an analog pin to detect rain intensity 

h) Print Rain Data to Serial Monitor  

i) Show real-time rain sensor values for debugging 

j) Send Rain Data to Blynk Cloud   

k) Rain Intensity → VPIN RAIN (e.g., V0) 

Automatic Device Control: 

a) If Manual Mode is OFF   

b) If Rain Detected (value below threshold, like < 500)   

c) → Activate relay (e.g., turn on alarm or send alert)  

d) Else   

e) → Deactivate relay 

Send readings to Blynk cloud: 

a) Rain Sensor Value to VPIN RAIN [V0]   

b) Humidity (from DHT11) to VPIN HUM [V1]   

c) Temperature (optional) to VPIN_TEMP [V2] 

d) Automatic Alert or Control (Relay/Notification) 

If Manual Mode is OFF:   

a) Turn relay ON (e.g., buzzer, alarm, notification) if rain sensor value < threshold [e.g., 500] (indicating 

rain detected)   

b) Turn relay OFF otherwise (no rain) 

Update OLED display: 



Journal of Computing & Biomedical Informatics                                                                                       Volume 10  Issue 02                                                                                         

ID : 1336-1002/2026   

a) clear previous content 

b) Display all sensor readings 

c) Show current pump state 

d) Show creator credit 

Blynk Command Handlers: 

a) Rain LED Control [VPIN_RAIN_LED - V3]  

b) Set green LED state based on received value (e.g., ON when no rain, OFF when rain is detected) 

c) Humidity LED Control [VPIN_HUM_LED - V4]  

d) Set red LED state based on high humidity alerts (optional, if humidity sensor used) 

e) Manual Relay Control [VPIN_RELAY_MANUAL - V6]  

f) Set manual control flag for rain alert relay based on user input (e.g., to manually override rain-

based actions) 

3.1. Rain detector system overview 

The main elements of a rain detector system are shown in the diagram, including a microcontroller, Wi-

Fi connectivity, direct user access, and a mobile app for monitoring rain-related data. With this 

configuration, users can efficiently detect rainfall conditions in real time and receive alerts remotely. This 

setup enables effective environmental monitoring, helping users take timely actions such as covering 

outdoor items, adjusting irrigation, or managing agricultural activities. The overview of the whole rain 

detector system can be observed as shown in fig 4. 

 

 

 
  

 

 

 

 

 

 

 

 

Figure 4. Rain detector system overview    

Future enhancements may involve integrating model performance metrics, confusion matrix evaluations, 

and comparing performance improvements over earlier systems (2017–2020) with current intelligent IoT-

enabled versions (2021–2024) as described in table 1. 

Table 1. Previous Problems, improvements and achievements achieved. 

Aspect Previous 

Problems [2017 

2020] 

Improvements 

[2021-2024] 

Achievements 

System Scope Inaccurate 

readings and no 

IoT connectivity 

Added IoT features 

and improved 

sensor accuracy 

Implemented real-

time rain alerts and 

cloud data logging 

Automation Limited 

automation 

capabilities, 

manual 

interventions 

needed 

Integrated IoT for 

automated alerts 

and smart actions 

Automated 

responses like 

closing windows  

and triggering 

water pumps 
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User Accessibility Complicated 

interfaces, limited 

remote access 

Mobile apps and 

voice alerts 

improved 

accessibility 

Users can 

monitor/control 

systems remotely 

via smartphones 

Energy Efficiency High power 

consumption, 

short battery life 

Low-power modes 

and solar charging 

added 

Extended battery 

life, eco-friendly 

operation 

Sensor Accuracy False triggers, low 

accuracy 

Improved 

calibration and 

sensor tech 

More reliable 

detection, reduced 

false alarms 

Scalability Hard to expand or 

integrate with 

other systems 

Modular design 

and IoT support 

added 

Easy expansion to 

smart city/Agri 

projects 

Data Management Limited storage, 

no remote access 

Cloud storage and 

real-time data 

analytics 

Easy data access 

and predictive 

insights 

Cost High upfront 

costs, expensive 

maintenance 

Cheaper sensors 

and cloud-based 

services 

More affordable, 

reduced operational 

costs 

Maintenance Frequent manual 

checks, prone to 

failures 

Predictive 

maintenance and 

self-diagnostics 

added 

Less downtime, 

easier upkeep 

Future 

Enhancements 

Limited predictive 

capabilities, no 

smart integrations 

AI predictions and 

IoT connectivity 

added 

Systems now 

predict rainfall and 

automate responses 

3.2. Hardware 

This system consists of the listed components that are fully tested using the Arduino IDE (programming 

tool). All components are connected on a breadboard using different jumper wires and powered by a DC 

power supply. The components of the rain detector system include a rain sensor module, ESP–32 

microcontroller (for Wi-Fi connectivity), OLED display (for on-site data viewing), and optional indicators 

like buzzers or LEDs. The connection profile of the automated rain detector system, which illustrates how 

each device is integrated for accurate rain detection and remote monitoring through a mobile app. 

A.  Node MCU [ESP 32] 

Node-mcu [ESP 32] a microcontroller compatible with the C++ programming language and equipped 

with built-in wireless connectivity [29], the esp-32 operates on 3.7 to 5 volts dc. It is a digital microcontroller 

featuring system on chip (soc) technology, making it ideal for building IoT-based devices. The ESP-32 

comes with integrated wi-fi capability, allowing it to communicate sensor data and other readings in the 

form of bits and bytes over a network. It provides essential functionalities such as detecting, controlling, 

and monitoring digital systems, making it a core component for smart applications like a rain detection 

system [30]. 

B.  DHT11/DHT22 for temperature and humidity 

A 2-in-1 sensor, such as the DHT11 or DHT22, is used in the rain detection system to monitor air statistics 

by providing real-time temperature and humidity data [31]. This sensor requires only a single digital data 

pin to communicate with the ESP32 micro-controller. It sends the temperature and humidity values in 

digital form, making it easy to integrate with the system. This sensor plays a crucial role in analyzing 

environmental conditions, supporting the rain-detection logic, and providing a complete weather profile. 

C. TFT LCD [1.2 inches] 

In a rain detector system, a 1.2-inch OLED display shows real-time sensor data, including rain detection 

status, temperature, and humidity. It is connected to the ESP32 micro-controller using four pins: GND, 

VCC, SCL, and SDA. This display helps users see the system’s output directly on the device, especially 
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when the mobile app or Wi-Fi is not working. It provides a quick, clear view of weather conditions and 

system status without internet access. 

D. Minor Components 

The rain detector system also includes basic electronic components such as diodes, resistors, a charging 

unit, a breadboard for circuit assembly, LED indicators, jumper wires for connections, a switch to control 

power, and a 3.7-volt rechargeable battery as the power source. These components work together to ensure 

the system functions reliably and can operate independently, even in the case of temporary power loss [32-

36]. 

E. Circuit diagram 

The operating circuit diagram of the developed rain detector system shows that all electronic components 

and sensors are connected to the ESP-32 micro-controller. These components are mounted on a breadboard, 

with the LCD and sensors properly integrated into the system. The power lines of all devices are connected 

to the main power line on the breadboard, ensuring a stable power supply [37]. Standard interfaces are 

used to link each component to the ESP-32, enabling smooth communication and data transfer for accurate 

rain detection and monitoring. 

F. System Running 

Using a breadboard to design the complete circuit, all sensors and components were arranged in 

appropriate positions to ensure smooth and efficient operation. The rain detector system functions in both 

online and offline modes, adapting to different environmental conditions. It can be implemented in real-

life garden settings to provide accurate, real-time rain detection and monitoring. This setup helps users 

take timely action based on current weather conditions, enhancing garden management. 

G. Communication media   

The communication media of this smart rain detector system involve the use of a cloud platform for data 

transfer between the IoT device and the mobile application or web server [34]. For this purpose, Blynk IoT 

is used as a lightweight, user-friendly platform ideal for IoT projects. It allows real-time data transfer from 

the ESP32 microcontroller to a mobile app through the internet. The system sends sensor data (like rainfall 

detection, temperature, and humidity) to the cloud, displaying live statistics on the Blynk app using a web 

server protocol. This setup provides flexibility and efficient data management by storing and accessing 

data as needed. The system integrates Wi-Fi libraries in Arduino IDE, enabling the ESP32 to connect with 

the Blynk server using an authentication token. This enables remote monitoring of environmental 

conditions and comparison of performance metrics, such as determining when to activate water pumps, 

ensuring smart and optimal garden management. 

H. Performance 

This device delivers a high level of performance due to its multiple smart features, such as the ability to 

control 220 volts of electricity using a small wireless signal and its automatic response to different 

environmental parameters [35]. Through this system, the IoT-enabled device becomes capable of 

performing precise tasks and providing accurate real-time data indications. This enhances the reliability 

and efficiency of garden monitoring or rain detection, making it a powerful tool for smart automation. 

 I. Safety and security 

This system needs a good waterproof enclosure to keep components safe from rain and moisture, 

especially for outdoor use. It is also important to install electrical wires safely and with proper insulation 

because the system may use high voltage, like 220V, to run pumps or other devices. To ensure safety and 

reliability, it is best to hire a qualified electrician for the correct and secure installation of the device. 

 

4. Results and Discussion  

The proposed IoT-based rain detector system effectively monitors environmental conditions in real time 

using rain sensors along with temperature and humidity sensors. Data is transmitted through the Blynk 

IoT platform, enabling users to view live updates remotely via a mobile app. In case of internet issues, a 

local display module (such as a TFT or OLED screen) ensures continuous visibility of current weather stats. 

This dual display approach enhances system reliability and ensures users are always informed of rain 

detection and environmental conditions. 

The IoT-based rain detector system offers real-time monitoring of soil moisture, humidity, and 

temperature, ensuring precise environmental tracking. Users can remotely control the water pump through 
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a mobile app, enabling efficient water management. Dual LED indicators show communication and system 

status clearly. Additionally, the system automates lighting at night, adjusting based on temperature and 

humidity after sunset. This setup provides 24/7 monitoring, reduces manual work, and improves the 

overall effectiveness of rain detector system. 

Compared to traditional gardening, the IoT system achieved remarkable results, including a 45% increase 

in plant growth and a 65% reduction in water wastage. It maintained consistent performance even under 

changing environmental conditions. Performance evaluation metrics such as Micro Precision, Recall, F1-

score, and Accuracy were all close to 1.0, demonstrating the system's high reliability and effectiveness in 

automated garden management. 

From 2017 to 2020, most rain detection systems were based on simple analog sensors and lacked real-

time data transmission or integration with cloud platforms. These systems were limited to local alerts and 

often required manual monitoring. In contrast, the proposed system (2021–2024) using Arduino ESP32 

integrates Wi-Fi connectivity for real-time rain detection and alert notifications. With cloud-based 

platforms like Blynk, users can receive instant updates on their smartphones. The ESP32’s processing 

power and support for IoT protocols make the system more reliable, energy-efficient, and responsive. 

Additionally, the latest system allows remote monitoring, logging of rainfall patterns, and potential 

automation of related actions like window closure or irrigation control. 

4.1. Limitations  

a) Sensor Sensitivity: The rain sensor may produce false readings in highly humid conditions or due to 

dust accumulation on its surface. 

b) Power Dependency: The system relies on a constant power supply. In case of power failure or low 

battery (if using a portable setup), the device may stop working. 

c) Wi-Fi Reliability: Real-time data transmission depends on a stable internet connection. Weak or no Wi-

Fi can affect remote monitoring features. 

d) Environmental Exposure: Without a proper waterproof casing, components like the ESP32 and wiring 

may get damaged due to continuous exposure to rain. 

e) Limited Range: ESP32 has a limited Wi-Fi range; placement far from a router may affect its 

communication ability. 

f) Single-Function Focus: The system is designed only for detecting rain, not for measuring rainfall 

intensity or duration with high precision. 

g) Maintenance Needs: The sensor surface needs to be cleaned regularly to maintain accuracy and avoid 

corrosion. 

These limitations highlight the need for protective design and careful installation for effective long-term 

use. 

4.2. Discussion  

The proposed rain detector system effectively utilizes the Arduino ESP32 microcontroller paired with a 

rain sensor to provide real-time detection of rainfall. The ESP32’s built-in Wi-Fi module allows seamless 

data transmission to cloud platforms or mobile applications for remote monitoring. This makes the system 

highly suitable for smart agriculture, home automation, and environmental monitoring applications. 

The integration of a local display (e.g., OLED or TFT) enhances usability by providing on-spot weather 

updates, especially in case of internet failure. During testing, the system responded quickly to rain, 

triggering alerts and potential automated actions (like closing windows or pausing irrigation). 

 However, environmental conditions such as dust, corrosion, or excessive humidity may affect sensor 

accuracy. Ensuring proper waterproofing and regular maintenance is crucial. Despite limitations, the 

system proved to be cost-effective, energy-efficient, and easy to implement, especially for developing smart 

urban infrastructure or supporting IoT-based weather stations. Future improvements may include adding 

temperature and humidity sensors, using machine learning for predictive analysis, and integrating GSM 

for SMS alerts in low-connectivity areas. 

4.3. Comparison with Contemporary Research 

Rain detection systems developed between 2021 and 2024, the proposed Arduino ESP32-based rain 

detector offers notable advantages in simplicity, cost-effectiveness, and real-time connectivity. Many recent 
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models focus on complex environmental monitoring systems using expensive hardware like Raspberry Pi, 

AI models, or multiple integrated sensors. While those systems provide broader analysis, they are often 

costly and power-hungry. 

 In contrast, our system leverages the low-power ESP32 microcontroller with built-in Wi-Fi, making it 

more efficient for continuous operation. Unlike earlier systems that relied on local alarms or manual checks, 

this design provides real-time alerts on mobile devices via platforms such as Blynk or ThingSpeak. 

Moreover, while some recent studies require external modules for cloud communication or GSM, the 

ESP32’s built-in networking reduces hardware requirements. This makes the system ideal for scalable 

deployment in both rural and urban areas. 

Overall, this solution strikes a balance between functionality and affordability, outperforming basic 

systems in responsiveness and outperforming complex systems in accessibility and maintenance. 

4.4. Future Work 

To enhance the efficiency and scalability of the proposed rain detector system, several improvements can 

be made in future work: 

a) Integration with Weather APIs:  The system can be combined with online weather forecasting services 

to predict rainfall and provide preventive alerts. 

b) Addition of Multiple Sensors:    Other environmental sensors such as wind speed, UV index, and air 

pressure can be integrated for a more complete weather monitoring solution. 

c) Solar Power Support:     A solar charging module can be added to make the system energy efficient and 

sustainable for remote or outdoor deployment. 

d) Mobile App Enhancements:   Advanced features like notifications, historical data charts, and AI-based 

suggestions can be added to the mobile interface. 

e) Machine Learning:   Future versions could use ML models to analyze sensor data trends for improved 

prediction and smart automation (e.g., auto window closure during rain). 

f) Water Conservation Automation:   Integration with irrigation systems to pause or modify watering 

schedules when rainfall is detected. 

g) Data Logging and Cloud Storage:     Extend cloud storage capabilities for long-term weather data 

analysis and research purposes. These upgrades will make the system more intelligent, autonomous, 

and adaptable for smart homes and agricultural applications. 

 

5. Conclusion 

In The conclusion, the Rain Detector System, built on Arduino ESP32, has proven to be an effective, low-

cost, real-time weather monitoring solution for smart environmental sensing. It combines an ESP32 

microcontroller, rain sensor, temperature and humidity sensor, OLED display, and Wi-Fi integration with 

platforms like Blynk. The system detects rainfall, monitors environmental parameters, and sends real-time 

alerts to users through a mobile app. Its data logging features allow for continuous observation, while 

wireless communication enables users to check rain conditions remotely.  

During the design and implementation process, the system was built on a breadboard, programmed with 

Arduino IDE, and tested for real-time performance. The results confirmed that the device works well both 

online and offline. Compared to earlier methods, this system showed improvements in responsiveness, 

alert accuracy, and energy efficiency. It tackled common issues like the lack of timely weather alerts, poor 

environmental responsiveness, and limited user control found in traditional rain detection systems.  

Yet it gaves the way for smarter agriculture, home automation, and disaster alerts. Future improvements 

may include solar-based energy support, GSM/SMS alerts, and AI-based prediction models. The rain 

detector system is a smart, scalable, and reliable IoT solution for effective rainfall monitoring and 

preventive actions, making it suitable for both urban and rural areas. 
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