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ABSTRACT 
This project presents the development of a Rain Prediction and Alarm Circuit system that combines 
real-time rain detection hardware with advanced predictive modeling using Prophet and Long 
Short-Term Memory (LSTM) networks. The primary objective is twofold: immediate detection of 
rainfall using a rain sensor circuit and accurate short-term forecasting of rain patterns to enable 
proactive water conservation and resource management. 
The hardware component utilizes a rain sensor module integrated with a 555 Timer IC configured 
in monostable mode. Upon detecting rain droplets, the sensor triggers the timer, activating an 
audible alarm via a buzzer, thereby providing instant notification to users. This enables quick 
actions such as deploying rainwater harvesting mechanisms, protecting outdoor equipment, or 
alerting agricultural systems. The simple, cost-effective, and reliable design ensures suitability for 
everyday life, manufacturing processes, smart irrigation, and home automation. 
Complementing the hardware, machine learning models are employed to forecast rainfall trends. 
Prophet, a robust time series forecasting tool developed by Facebook, is used to model seasonal 
and trend components, while an LSTM network captures complex temporal depend encies in 
historical rainfall data. By combining these models, the system provides both immediate rain 
detection and predictive analytics, empowering users to plan irrigation schedules, optimize water 
storage, and enhance disaster preparedness. 
Overall, this integrated rain detection and prediction system not only addresses the need for timely 
responses to rainfall events but also promotes sustainable water usage practices. Its scalability, low 
cost, and dual functionality make it ideal for applications in agriculture, smart homes, 
environmental monitoring, and automated weather response systems. 
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1. INTRODUCTION 
Management of water resources and proper utilization have become 

increasingly important in recent years due to rising concerns over water scarcity 
and environmental sustainability Mishra (2019). In this context, the role of rain 
sensors has gained attention, particularly for enabling efficient rainwater 
harvesting and conservation practices. Rain sensors detect rainfall and trigger 
alerts, allowing users to take prompt action to collect and store rainwater for future 
use Singh and Jain (2020). Rainwater harvesting, a sustainable practice, involves 
collecting and channeling rainwater from surfaces like rooftops into tanks, pits, 
aquifers, or reservoirs through percolation, ultimately helping to recharge 
groundwater levels Lopes (2021). 

Rain alarms are simple yet highly effective applications of rain sensors, 
designed to emit an alert sound when rainwater is detected. The systems developed 

https://doi.org/10.29121/granthaalayah.v9.i6.2021.3923
https://dx.doi.org/10.29121/ijetmr.v9.i12.2022.1595
https://dx.doi.org/10.29121/ijetmr.v9.i12.2022.1595
https://dx.doi.org/10.29121/granthaalayah.v10.i3.2022.4503
https://dx.doi.org/10.29121/granthaalayah.v10.i3.2022.4503
https://dx.doi.org/10.29121/granthaalayah.v10.i3.2022.4503
https://dx.doi.org/10.29121/ijetmr.v9.i12.2022.1595
https://dx.doi.org/10.29121/ijetmr.v9.i12.2022.1595
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.29121/ijetmr.v9.i12.2022.1595&domain=pdf&date_stamp=2022-12-31


Smart Rainwater Alert and Prediction System Based on Machine Learning and Sensor Integration 
 

International Journal of Engineering Technologies and Management Research 70 
 

for this purpose typically employ low-cost, reliable sensor modules available in the 
market Verma and Roy (2018). Their affordability and ease of integration make 
them particularly useful for domestic, agricultural, and industrial applications 
where early detection of rain can have significant benefits, such as protecting 
electronic equipment, automating irrigation systems, and promoting water 
conservation Kumar and Patel (2019). 

A wide variety of rain sensors exist today, and understanding their differences 
is crucial for selecting the appropriate device for a given application. Some rain 
sensors offer cost-effective solutions but may lack durability, while others are 
robust and suitable for long-term deployment in harsh conditions Wilson (2020). 
Selecting the right type of rain sensor depends on the application’s sensitivity, 
durability, and cost constraints, highlighting the importance of understanding both 
the advantages and limitations of available sensor technologies Sharma (2021). 

 
2. TYPES OF RAIN SENSORS 
2.1. RESISTIVE RAIN SENSOR 
The resistive rain sensor features a plate where nickel is deposited in the form 

of conductive lines. It operates on the principle of resistance change: when the 
sensor is dry, the resistance across the contacts is very high (open circuit); when 
water contacts the surface, it creates a resistive bridge between the conductive lines 
Lee (2020). This difference in resistance allows the circuit to distinguish between 
dry and wet conditions, facilitating rain detection. Resistive rain sensors are cost-
effective and widely used for basic rain detection applications Gupta and Khanna 
(2021). 

 
2.2. CAPACITIVE RAIN SENSOR 
Capacitive rain sensors, commonly used in industrial and commercial sectors, 

detect rainfall based on changes in capacitance caused by water droplets on a top 
sensing plate Chen and Wang (2018). These sensors offer higher durability and 
resistance to environmental wear compared to resistive types. Capacitive sensors 
are ideal for weather telemetry systems and environments requiring minimal 
maintenance Dutta (2022). 

 
2.3. MECHANICAL RAIN SENSOR 
Mechanical rain sensors, such as those developed by Rain Bird Corporation, use 

a physical mechanism based on the weight of accumulated rainwater to trigger an 
internal switch Rain Bird Corporation (2019). This approach is highly reliable and 
simple, making mechanical sensors suitable for applications where ruggedness and 
simplicity are prioritized Hossain (2019). 

 
2.4. OPTICAL RAIN SENSOR FOR CARS 
Optical rain sensors are compact devices typically installed behind vehicle 

windshields, near the rearview mirror Martin (2019). These sensors detect the 
presence of rain through changes in light transmission caused by raindrops on the 
glass surface. They automatically control windshield wipers, improving driving 
safety during rainy conditions Kim and Park (2020). 
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2.5. RAIN SENSOR WITH SOUNDS 
Sound-based rain sensors detect the vibrations generated by raindrops hitting 

a surface Zhao and Huang (2020). The vibrations are picked up by the sensor and 
converted into electrical signals to determine the presence of rain. This method 
offers an innovative approach to rain detection, especially in environments where 
optical or resistive sensors might be less effective Deshmukh and Tripathi (2021). 

 
3. LITERATURE REVIEW 

The management of water resources has become a global priority due to 
increasing water scarcity and the growing demand for sustainable water practices. 
Researchers have explored various techniques for efficient water conservation, with 
rainwater harvesting emerging as a critical solution Mishra (2019). Mishra 
emphasized the importance of integrating simple technologies such as rain sensors 
to aid in rainwater collection and groundwater recharge initiatives Mishra (2019). 
Singh and Jain further noted that rain detection systems play a pivotal role in early 
rain prediction, allowing timely collection and storage of rainwater, which is 
especially beneficial for domestic and agricultural applications Singh and Jain 
(2020). 

Rain sensors have evolved significantly, with different types tailored to various 
applications. Lopes discussed traditional rainwater harvesting techniques but 
stressed the need for automation through sensor-based detection systems to 
enhance efficiency Lopes (2021). Verma and Roy introduced the concept of low-cost 
rain detection systems using basic electronic circuits, highlighting their potential for 
smart city applications where cost-effective and scalable solutions are critical 
Verma and Roy (2018). Their work underscored the practicality of simple rain alarm 
circuits, like those employing a 555 timer IC for triggering an alert when rainfall is 
detected. 

The diversification of rain sensor technologies has attracted substantial 
attention. Kumar and Patel provided an extensive survey on the use of rain sensors 
across home automation, agriculture, and vehicle systems, noting that the selection 
of appropriate sensor types is crucial for system reliability Kumar and Patel (2019). 
Wilson compared resistive and capacitive rain sensors, finding that while resistive 
sensors are more affordable and simple to implement, capacitive sensors offer 
greater durability and sensitivity Wilson (2020). This comparison is vital when 
selecting sensors for long-term deployment in harsh environments. 

Understanding the characteristics and limitations of various rain sensors is 
essential for optimal system design. Sharma discussed the key parameters to 
consider when choosing a rain sensor, such as sensitivity, durability, cost, and 
environmental resistance Sharma (2021). Lee described the design and working of 
resistive rain sensors, where the detection mechanism is based on changes in 
surface resistance due to water droplets Lee (2020). Gupta and Khanna evaluated 
the performance of resistive rain sensors integrated into IoT systems, concluding 
that these sensors provide satisfactory results under moderate climatic conditions 
but may suffer from corrosion issues over time Gupta and Khanna (2021). 

Capacitive rain sensors have emerged as a promising alternative for industrial 
applications. Chen and Wang explained the working principle of capacitive sensors, 
emphasizing their robustness and resistance to corrosion, which makes them 
suitable for prolonged outdoor use Chen and Wang (2018). Furthermore, Dutta 
outlined advances in capacitive sensing for meteorological monitoring, noting 
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improvements in accuracy and response time in newer sensor models Dutta (2022). 
Mechanical rain sensors, such as those developed by Rain Bird Corporation, offer 
simplicity and mechanical robustness but may require regular maintenance Rain 
Bird Corporation (2019), Hossain (2019). 

In the automotive sector, optical rain sensors have revolutionized rain 
detection, particularly for windshield wiper automation. Martin discussed the 
design considerations for optical rain sensors in cars, pointing out their compact 
size and high accuracy Martin (2019). Kim and Park proposed advanced rain 
detection algorithms that improve the performance of optical sensors even under 
varied lighting and weather conditions Kim and Park (2020). These developments 
show how rain sensor technologies have diversified to serve multiple domains 
effectively. 

Another novel approach in rain detection involves sound-based sensors. Zhao 
and Huang proposed a system where the sound of rain hitting a surface is used to 
detect precipitation events with high accuracy Zhao and Huang (2020). Deshmukh 
and Tripathi further explored acoustic sensing techniques for environmental 
monitoring, suggesting that sound-based rain sensors could complement traditional 
optical and mechanical sensors, especially in regions with heavy noise pollution 
Deshmukh and Tripathi (2021). 

Overall, the literature reveals that integrating sensor-based rain detection with 
machine learning models like LSTM (Long Short-Term Memory) and Prophet 
enhances predictive capabilities, offering real-time alerts and improved water 
conservation practices. However, the success of such systems depends heavily on 
the appropriate choice of sensors, robust integration of predictive algorithms, and 
the adaptability of the system to environmental variables. 

 
4.  PROPOSED MODEL 

The proposed system, titled Smart Rainwater Alert and Prediction System 
Based on Machine Learning and Sensor Integration, aims to combine real-time rain 
detection with short-term rain forecasting. It leverages both hardware-based rain 
sensors and machine learning models such as LSTM (Long Short-Term Memory) and 
Prophet to provide a dual approach: immediate rain alerts and future rain 
predictions. The working principle is simple yet powerful—whenever the rain 
sensor detects precipitation, an alarm circuit is triggered to notify users instantly. 
Simultaneously, historical weather data is processed through the machine learning 
models to forecast upcoming rain events, enhancing proactive water management 
strategies. 

The working of the model is divided into two primary modules. The first 
module deals with real-time rain detection using a resistive rain sensor. When 
rainwater falls onto the sensor's surface, the change in resistance is detected by an 
electronic circuit involving a 555 Timer IC, which then triggers a buzzer alarm. This 
immediate notification system helps users to take quick actions such as activating 
rainwater harvesting systems or protecting vulnerable equipment. The second 
module focuses on rain prediction. It uses historical rainfall data, which is fed into 
two machine learning models: Prophet, for fast trend-based forecasting, and LSTM, 
for deeper temporal pattern recognition. These models predict the likelihood of rain 
in the coming hours or days, offering users valuable lead time for water 
management and planning. 



Anmol Aggarwal, Kushaggr, Abhay Kumar, Yash, and Trilok Rawat  
 

International Journal of Engineering Technologies and Management Research 73 
 

 

 
 

The methodology behind the system starts with sensor integration, where the 
rain sensor readings are continuously monitored using a microcontroller. The 
collected data is used both for immediate alerting and as input for machine learning 
training. For forecasting, preprocessing steps are applied, including missing value 
imputation, normalization, and feature engineering, ensuring high-quality inputs to 
the LSTM and Prophet models. The LSTM model, being a type of recurrent neural 
network (RNN), captures complex time dependencies in rainfall patterns, while 
Prophet, developed by Facebook, excels in handling seasonality and trend analysis 
with minimal configuration. Both models are evaluated on metrics like Mean 
Absolute Error (MAE) and Root Mean Square Error (RMSE) to ensure accurate and 
reliable predictions. 

The architecture of the proposed system consists of three main layers: sensing, 
processing, and alerting. The sensing layer includes the resistive rain sensor, 
connected to a microcontroller circuit with a 555 Timer and buzzer. The processing 
layer involves data acquisition from sensors, weather APIs, and historical records, 
followed by feeding this data into the LSTM and Prophet models for training and 
inference. The alerting layer handles two types of notifications: immediate alarms 
via the buzzer and forecast notifications via a simple mobile or desktop application 
that displays upcoming rain predictions. The entire system is designed to be low-
power, cost-effective, and highly modular, enabling easy upgrades and adaptations 
to other IoT-based water management systems. 

The novelty of the proposed model lies in its dual approach to rain management 
by integrating real-time sensing with machine learning-based forecasting. Most 
existing systems either focus on immediate rain detection using sensors or long-
term weather forecasting using meteorological data. However, by merging these 
two functionalities into a single framework, the proposed system provides a 
comprehensive solution for both immediate response and proactive planning. 
Furthermore, the use of lightweight yet powerful models like Prophet, combined 
with the deep learning capabilities of LSTM, ensures that the system remains 
accurate, adaptable, and scalable across different geographic locations and rainfall 
patterns. Additionally, the use of a simple, low-cost sensor circuit enhances 
accessibility, making it suitable for widespread deployment in residential, 
agricultural, and urban environments. 
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5. RESULT ANALYSIS AND PERFORMANCE EVALUATION 

The Smart Rainwater Alert and Prediction System was tested under real-world 
conditions to validate its efficiency and performance. The system's functionality was 
divided into two parts for evaluation: real-time rain detection using the sensor-
based alarm circuit, and rain prediction using machine learning models (LSTM and 
Prophet). Data was collected over a span of 30 days, with daily observations 
recorded regarding actual rain occurrences and forecasted predictions. 

For real-time rain detection, the system demonstrated high sensitivity and 
responsiveness. During field tests, whenever rain droplets were detected on the 
resistive rain sensor, the 555 Timer circuit triggered the buzzer within less than one 
second, providing immediate alerts. In 28 out of 30 instances where rainfall 
occurred, the rain sensor and alarm successfully detected rain, indicating a 93.3% 
detection accuracy. This slight margin of error was attributed to very light 
drizzles where water accumulation on the sensor surface was insufficient for 
detection. 

The rain prediction module was evaluated based on historical rainfall data from 
local meteorological sources. The Prophet model provided trend-based forecasts, 
while the LSTM model offered more nuanced temporal predictions. Their 
performance was measured using Mean Absolute Error (MAE) and Root Mean 
Square Error (RMSE). Over the testing period, Prophet achieved an MAE of 1.8 mm 
and RMSE of 2.6 mm in predicting rainfall intensity, whereas the LSTM model 
achieved an MAE of 1.3 mm and RMSE of 2.1 mm, highlighting its superior 
performance in capturing complex rainfall patterns. 

The results are summarized in the following tables 

 
 

Table 1 
Table 1 Real-Time Rain Detection Performance 

Test Day Actual Rain (Yes/No) Sensor Detection (Yes/No) Detection Status 
1 Yes Yes Correct 
2 No No Correct 
3 Yes Yes Correct 
4 Yes No Missed 
... ... ... ... 

30 Yes Yes Correct 
Note Only a Few Rows are Shown for Brevity. Full 30-Day Table Includes All Test Days. 
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Overall detection accuracy = (Number of Correct Detections / Total Tests) × 100 
= (28 / 30) × 100 = 93.3% 

 
 

Table 2 
Table 2 Rain Prediction Model Performance 

Model Mean Absolute Error (MAE) Root Mean Square Error (RMSE) 
Prophet 1.8 mm 2.6 mm 

LSTM 1.3 mm 2.1 mm 

 

 
 

From the performance evaluation, it was observed that both models provided 
reasonably accurate rain forecasts; however, the LSTM model outperformed 
Prophet in minimizing both MAE and RMSE values. This can be attributed to LSTM's 
ability to model longer temporal dependencies and subtle non-linear variations in 
rain patterns, whereas Prophet primarily relies on trend and seasonality 
decomposition, which may not fully capture sudden weather changes. 

Moreover, the system's responsiveness was tested under various rainfall 
intensities, from light drizzles to moderate rain. It was noted that detection was 
instantaneous for medium and heavy rainfalls, while extremely light drizzles 
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sometimes required up to 10 seconds for sufficient water accumulation on the 
sensor surface. 

In summary, the Smart Rainwater Alert and Prediction System demonstrated 
reliable performance across real-time detection and predictive analytics. The 
combination of immediate rain alarms and accurate forecasting provides users with 
a robust tool for effective rainwater management and conservation practices.  
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