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Abstract

Food security constitutes the core imperative of agricultural production and storage management.
Current grain storage environment monitoring frequently encounters issues such as inaccurate and
untimely data detection, alongside the risk of omission in manual sampling inspections. These short-
comings not only compromise regulatory efficiency but may also precipitate risks including grain
moulding and pest infestations, directly jeopardising storage safety and economic viability. To ad-
dress this challenge, this paper proposes a monitoring system centred on an STM32F103 series mi-
crocontroller. Utilising the DHT11 temperature and humidity sensor, MQ-2 smoke sensor, and SGP30
carbon dioxide module to precisely collect critical environmental data including temperature, hu-
midity, smoke concentration, and carbon dioxide levels within the silo. Utilising an ESP8266-01S
wireless Wi-Fi module, the system transmits local sensor data to a cloud platform via the stable and
efficient MQTT protocol, synchronising updates to a mobile application for real-time visualisation.
Furthermore, the K230 visual recognition module deploys a self-trained pest detection model based
on an enhanced YOLOv8n algorithm. This model optimises detection accuracy and real-time perfor-
mance, precisely identifying three common pests within the silo: rodents, sparrows, and cock-
roaches. Detection results are synchronised to the mobile interface for management personnel to
review. Should any environmental parameter within the silo exceed preset safety thresholds, the
system automatically triggers audible and visual alarms. This provides comprehensive, intelligent
safeguards for collaborative monitoring of the silo environment throughout its entire operational
lifecycle.
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Figure 1. Overall block diagram of control system
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Figure 2. System hardware design schematic diagram
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Figure 3. System PCB design diagram
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Figure 4. System prototype physical PCB board diagram
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Figure 5. System welding and assembly of physical PCB boards
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Figure 6. System main programme flowchart
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Figure 8. mAP@0.5: Comparison of results before and after improvement
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