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IoT-based smart beehive health monitoring and early warning system

Qi Li", Pingchuan Zhang

Henan Institute of Science and Technology, Xinxiang, Henan

[ Abstract] Objective Traditional beekeeping relies on manual inspection, which cannot realize real-time
monitoring of the internal environment of beehives. The disposal of hidden dangers is delayed and manual
operation-maintenance cost is high. Aiming at these practical problems, this paper develops an intelligent beehive
health monitoring and early-warning system. Methods The system uses an STM32F103C8T6 microcontroller as the
main control unit. Multi-source environmental data are collected using a DHT11 temperature and humidity sensor, a
photosensitive sensor, a JW01-CO, sensor, and a flame sensor. An ML307R 4G module enables bidirectional data
transmission, while an Organic Light-Emitting Diode (OLED) display provides local data visualization. The mobile
App supports remote configuration of alarm thresholds and enables the coordinated control of fans, a mist generator,
and a water pump for environmental regulation and fire emergency response. Hardware circuits were assembled,
embedded software was developed, and module-level tests and integrated system verification were conducted.
Results The system can continuously and stably collect beehive environmental data, identify abnormal parameters,
and perform alarm and regulation actions. The recognition delay for light and flame, and the actuator response delays
for CO., temperature and humidity are 1 s, 0.8 s, 1.5 s and 1.3 s respectively. The system can operate autonomously
for 24 h and maintain local monitoring and protection functions even when the network is disconnected. Conclusion
The proposed system reduces manual workload of beekeeping and improves the survival guarantee for bee colonies.
It provides hardware-software support for large-scale intelligent beekeeping.
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