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Abstract - Beekeeping is an important agricultural activity 

because honey bees help in pollination, increase crop yield, and 
support the environment. However, honey bees are very 
sensitive to environmental changes, especially rainfall and 
excess moisture. When rainwater enters the beehive, it causes 
wet conditions, increases humidity, and leads to fungal growth, 
reducing honey production and possibly causing colony death. 
This project proposes an automatic rain protection and 
ventilation system for beehives using a rain sensor, ESP32 
microcontroller, servo mechanism, and exhaust fan. When rain 
is detected, the ESP32 automatically activates a motor to close 
a protective cover over the hive. The exhaust fan maintains 
proper airflow to prevent heat and humidity buildup. The system 
operates autonomously on low power, making it suitable for 
rural and remote areas. By combining traditional beekeeping 
with modern sensor-based technology, this project protects bee 
colonies, reduces beekeeper labor, and improves overall hive 
safety and honey production. 
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1.INTRODUCTION  

Beekeeping plays an important role in agriculture and rural 
livelihoods. Honey bees support the environment by pollinating 
crops, increasing yield, and maintaining biodiversity. They also 
provide useful products such as honey, wax, pollen, propolis, 
and royal jelly. However, one of the major challenges faced by 
beekeepers is protecting bee colonies from sudden weather 
changes, particularly rainfall. Rainwater entering the hive can 
cause moisture buildup, fungal infections, stress to bees, 
reduced honey production, and sometimes colony collapse. 

Traditional hives are usually covered manually when it 
rains, depending on the presence and attention of the beekeeper. 
Technology such as microcontrollers and sensors is now widely 
used in agriculture for monitoring and automation. In this 
project, a rain sensor, ESP32 microcontroller, and servo/motor 
mechanism are used to create a smart hive cover that 
automatically closes when rain is detected and reopens when the 
rain stops – all without human involvement. 

The design is supported with a small exhaust fan to maintain 
proper ventilation inside the hive. The entire system operates on 
very low power and can run on a battery or solar panel, making 
it suitable for rural or remote areas. This project aims to provide 
a simple, low-cost, effective automation system for beekeepers, 
reducing labour, preventing hive damage, and maintaining a 
healthy environment for bees. 

 

1.1 Objectives of the Project 

The primary objective of this research in agricultural is : 

 To automatically close the hive cover when rain is 
detected and protect bees from wet conditions. 

 To reduce beekeeper effort by avoiding manual 
covering during unexpected rainfall. 

 To maintain proper airflow inside the hive using a 
small exhaust fan to prevent moisture buildup. 

 To design a low-cost and easy-to-install system 
suitable for rural and small-scale beekeepers. 

 To improve overall hive safety and honey production 
by reducing stress on the bee colony.  

2. LITERATURE REVIEW 
IoT-Based Smart Beehive Monitoring System (2025) Recent 
advancements in IoT technologies have enabled continuous 
environmental and behavioral monitoring inside beehives using 
low-power embedded systems. The study integrates ESP32-
class microcontrollers, temperature–humidity sensors, vibration 
modules, and cloud data connectivity. Power-efficient 
communication protocols such as MQTT and Wi-Fi are used to 
support long-range hive monitoring. It concludes that IoT-
enabled systems significantly enhance colony health 
management and reduce human intervention compared to 
conventional approaches. 

Collective Ventilation in Honeybee Nests – Peters, Peleg & 
Mahadevan (2019) This study explores the natural ventilation 
mechanisms in honeybee colonies, demonstrating how bees use 
coordinated wing fanning to maintain temperature and CO₂ 
balance inside the nest. The findings emphasize that artificial 
ventilation systems must mimic natural airflow patterns to avoid 
disrupting colony behavior, establishing a biological foundation 
for optimizing hive ventilation designs. 
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Self-Powered Smart Beehive Monitoring and Control 
System – Ntawuzumunsi et al. (2021) The SBMaCS project 
presents a fully self-powered beehive monitoring framework 
incorporating solar energy harvesting and low-power IoT 
electronics. Sensor modules monitor temperature, humidity, 
hive acoustics, and hive weight. Results show stable system 
operation with minimal maintenance, making it valuable for 
designing off-grid smart hives requiring year-round operation in 
remote apiaries. 

HiveLink IoT-Based Smart Bee Hive Monitoring System 
(2023) The HiveLink system showcases a comprehensive IoT 
architecture for continuous hive monitoring using cloud-
connected sensors integrating temperature, humidity, weight, 
and sound sensors with microcontrollers and GSM/Wi-Fi 
modules. The system highlights how IoT platforms help predict 
swarming, colony collapse, and environmental stress. 

3. METHODOLOGY 

3.1 System Overview 

The methodology of the Automatic Hive Protection System 
follows a continuous sensor–decision–action loop. All sensors 
(temperature, humidity, rain, vibration) are read, data is 
validated and filtered, and conditional actions are taken: if 
temperature is too high the exhaust fan is activated; if rain is 
detected the protective cover is deployed. The system then 
returns to monitoring. 

3.2 System Initialization 

The system starts by powering on all components and 
allowing the microcontroller to boot. It checks power supply 
stability, verifies sensor modules, activates fan relays and motor 
drivers, and performs a quick error scan. Once all checks are 
completed, the system enters the ready state to begin 
monitoring. 

3.3 Sensor Data Collection 

Once active, the controller communicates with sensors to 
collect fresh readings. The temperature sensor measures internal 
hive heat, the humidity sensor monitors moisture levels, and the 
rain sensor checks for rainfall or water droplets. All readings are 
captured within milliseconds and stored in memory for 
processing. 

3.4 Data Filtering and Validation 

After receiving all sensor readings, the system cleans the raw 
data by removing noise, sudden jumps, or unexpected errors. 
Only smooth, consistent, and reliable information is forwarded 
for decision-making, preventing incorrect actions and protecting 
the hive from false alarms. 

3.5 Exhaust Fan Activation 

When overheating is detected, the system activates the 
exhaust fan through a relay. The fan pushes hot air out of the 
hive and fresh air replaces it, helping maintain a comfortable 
environment for the bees. The fan continues running until the 
temperature stabilizes again. 

3.6 Rain-Cover Deployment 

When rain is confirmed, the motor or servo begins deploying 
a protective cover sheet over the hive, preventing water from 
entering through any open gaps. The motor positions the cover 
smoothly and holds it securely until rain stops, at which point 
the cover retracts automatically depending on design. 

3.7 Continuous Monitoring Loop 

After completing all steps, the system returns to the starting 
point and begins monitoring again. This loop runs nonstop, 
providing 24/7 intelligent protection, with bees experiencing a 
healthy and stress-free environment throughout the day. 

4. MATERIALS AND METHODS 

This chapter explains all materials, electronic components, 
mechanical parts, sensors, and software used in developing the 
Smart Automatic Rain-Protection Beehive System. It also 
describes experimental procedures, system design, circuit 
development, testing, calibration, and validation techniques. 

 
Fig. 1: DHT22 Temperature & Humidity Sensor 

4.1 Temperature and Humidity Monitoring 

The internal hive temperature remained relatively stable 
during early morning and late evening but increased 
significantly during afternoon hours when ambient temperatures 
exceeded 36°C. The DHT22 sensor successfully captured 
temperature peaks and humidity surges. Under such conditions, 
the system automatically activated the exhaust fan. The 
temperature drop achieved through fan operation demonstrated 
effective ventilation, confirming that the sensor-fan 
combination maintained a controlled hive environment. 
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Fig. 2: Rain Sensor 

4.2 Rain Sensor Response Time and Accuracy 
The rain sensor showed exceptional responsiveness during 

natural rainfall events, detecting the first droplets within 1–3 
seconds of surface contact. False positives observed during 
early morning dew were effectively eliminated by software 
filtering and debounce algorithms. Accuracy tests confirmed 
that the sensor triggered correctly in 100% of heavy-rain events 
and approximately 96% of moderate-rain events, validating the 
suitability of resistive-type rain sensors for real-time hive 
protection applications. 

 
Fig. 3: Servo Motor 

4.3 Rain-Cover Deployment Mechanism 

Upon rain detection, the servo motor immediately initiated 
rain-cover deployment. The mechanical movement was smooth 
and completed within 1.8–2.1 seconds. The sliding rail and 
servo arm alignment ensured that the cover landed perfectly 
over the hive without allowing side leakage. During heavy 
rainfall with wind fluctuations, the cover remained securely in 
place, confirming structural stability and robustness for real-
world beekeeping environments. 

 
Fig. 4: ESP32 Microcontroller 

4.4 Power Consumption Analysis 

The system's average power consumption was measured 
over several days. The microcontroller and sensors consumed 
approximately 60–80 mA in active mode. The servo motor 
exhibited short bursts of power consumption only during 
deployment and retraction cycles. Total daily energy usage 
remained within the range of 350–500 mAh, making the system 
compatible with small batteries and solar energy setups, 
confirming suitability for rural and off-grid beekeeping 
environments. 

 
Fig. 5: Smart Bee Hive Box 

4.5 Circuit Diagrams 

The circuit diagrams below illustrate the wiring connections 
between the ESP32 microcontroller, rain sensor, DHT22 sensor, 
servo motor, exhaust fan relay, and power supply. The modular 
design allows easy replication and installation on existing 
beehives. 

 
Fig. 6: Circuit Diagram – Overview 

 
Fig. 7: Circuit Diagram – Sensor Connections 
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Fig. 8: Circuit Diagram – Motor Control 

 
Fig. 9: Circuit Diagram – Full System 

5.1 Environmental Monitoring Performance 

The temperature and humidity monitoring subsystem 
collected continuous data from within the hive enclosure 
throughout the experimental period. Internal hive temperature 
fluctuated within a safe biological range when proper ventilation 
was maintained. The DHT22 sensor successfully captured 
temperature peaks and humidity surges without signal dropouts. 
Sensor readings remained stable and showed realistic variations 
corresponding to environmental conditions, confirming that the 
monitoring system can provide useful information for 
maintaining an optimal hive microclimate. 

5.2 Rain Detection Accuracy 

The rain sensor demonstrated exceptional responsiveness 
during natural and simulated rainfall events. It successfully 
detected the first droplets within 1–3 seconds of surface contact 
and triggered the ESP32 microcontroller to initiate the 
protective cover mechanism. Software filtering and debounce 
algorithms effectively eliminated false positives observed 
during early morning dew formation. Accuracy tests confirmed 
that the sensor triggered correctly in 100% of heavy-rain events 
and approximately 96% of moderate-rain events, validating its 
suitability for automated hive protection applications. 

5.3 Rain-Cover Mechanism Performance 

Upon rain detection, the servo motor immediately initiated 
rain-cover deployment. The mechanical movement was smooth, 
friction-free, and completed within 1.8–2.1 seconds. The cover 
landed perfectly over the hive without allowing side leakage and 
remained securely in place during heavy rainfall with wind 
fluctuations. Over several days of rainfall testing, the 
deployment mechanism showed consistent performance, 
successfully protecting the hive every time rain occurred. 
Retraction of the cover after rainfall was equally stable, 
allowing normal bee activity and natural ventilation to resume 
without delay. 

5.4 Ventilation and Microclimate Control 

When internal temperature crossed the calibrated threshold 
of 34°C–35°C, the exhaust fan activated and reduced the 
temperature by an average of 3°C–5°C within 7 to 12 minutes, 
depending on ambient conditions. Humidity reduction was also 
significant, especially during post-rainfall periods when hive 
moisture tends to increase. The fan’s low-noise operation 
prevented any disturbance to bees. Observations throughout the 
deployment period confirmed normal foraging behavior, brood 
development, and honey storage patterns, indicating that the 
system positively contributed to maintaining a healthy colony 
environment. 

5.5 System Reliability and Energy Efficiency 

Long-term reliability tests were conducted across 100+ 
deployment cycles. The servo motor, rain sensor, and 
microcontroller showed no signs of mechanical wear or 
communication errors. The system operated continuously for 
several weeks without requiring manual reset or recalibration. 
Total daily energy usage remained within 350–500 mAh, 
confirming compatibility with battery-powered and solar-
powered setups. The automated system consistently 
outperformed traditional manual hive protection in reaction 
time, reliability, and coverage, particularly during nighttime 
rainfall and when the apiary was unattended. 

6. CONCLUSION 

The development of the Automatic Hive Protection System 
represents an important step toward integrating modern 
engineering solutions with traditional beekeeping practices. The 
system successfully demonstrates how automated sensor-based 
monitoring and microcontroller-driven control mechanisms can 
provide timely protection to beehives. The rain sensor detected 
water droplets within seconds of rainfall, the servo motor 
deployed the protective cover quickly, and the exhaust fan 
maintained stable microclimate conditions inside the hive. 

The project achieves its objective of designing a low-cost, 
reliable, and easy-to-install automated protection mechanism 
for beehives. Long-term reliability tests confirmed that the servo 
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motor, rain sensor, and microcontroller operate continuously 
without system failure. The system reduces beekeeper labor, 
prevents hive damage from rain, and maintains a healthy 
environment for bees. Future developments incorporating IoT 
connectivity, solar power integration, and advanced 
environmental analytics could further expand the capabilities of 
the system and contribute to the advancement of smart 
beekeeping technologies. 
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