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Intelligent beehive IoT monitoring system based on STM32

Pingchuan Zhang", Sivu Zhao

College of Computer Science and Technology, Henan Institute of Science and Technology, Xinxiang, Henan

[ Abstract] Objective To address the limitations of traditional beehive management systems—which primarily
rely on manual inspections and face challenges in continuously acquiring environmental and colony activity data—this
study proposes an intelligent beehive monitoring system based on multi-parameter sensing and IoT technologies,
enabling continuous monitoring and remote management of both the hive environment and colony activity status.
Methods The system uses an STM32F103C8T6 microcontroller as the core controller to build a multi-parameter
sensing system comprising modules for monitoring temperature and humidity, carbon dioxide (CO;) concentration, hive
weight, and bee flight activity. Data are uploaded via an ESP8266 wireless communication module, while local and
remote monitoring is facilitated using an OLED display and a WeChat Mini Program; based on preset thresholds, the
system drives peripheral devices—such as fans, heating elements, humidifiers, and buzzers—to automatically adjust the
hive environment and issue anomaly alerts. Results The system is capable of collecting, processing, displaying, and
remotely transmitting data including temperature and humidity, CO, concentration, hive weight, and bee flight activity
counts; test results demonstrate that the OLED display provides stable visualization of monitoring information, that the
triggered peripheral devices execute corresponding actions according to predefined logic, and that the WeChat Mini
Program can receive hive monitoring data and enable remote control. Conclusion The designed system enables
continuous sensing of multi-parameter hive data, local display, remote transmission, and basic automatic control,

providing a robust foundation for data acquisition and IoT applications in colony status monitoring as well as subsequent
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research on anomaly detection and health early-warning systems based on multi-source time-series data.

[ Keywords] Intelligent beekeeping; STM32; Beehive monitoring; Internet of Things; Remote control
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