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Abstract

With the acceleration of agricultural modernization and the increasing severity of water scarcity,
traditional manual irrigation methods suffer from problems such as lack of intelligence and
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untimely operation. This paper proposes an intelligent irrigation system based on the STM32 mi-
crocontroller, aiming to improve the irrigation accuracy and adaptability of small-scale planting
units in complex farmland environments. To address the oscillation problem of binary water pumps
caused by soil moisture inertia, a FOPDT identification combined with delay-compensated dual-
threshold method is proposed to monitor key parameters such as soil moisture and temperature in
real time. As the core actuating component of the system, the smart switch can automatically turn
the irrigation pump on or off according to control signals, ensuring timely and appropriate irriga-
tion. Users can view the real-time irrigation status and perform adjustments via a mobile phone
APP within the coverage of a local WiFi network, enabling flexible local remote control and improv-
ing the convenience of irrigation management. Experimental results show that the proposed system
significantly enhances the intelligence level of irrigation, offering notable advantages in water sav-
ing, energy saving, and time saving. It provides an efficient and intelligent solution for agricultural
irrigation in small-scale planting units.
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Figure 1. System framework diagram
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Figure 2. System scheme diagram
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Figure 3. Circuit diagram of temperature sensor
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Table 1. Pin description of temperature sensor
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Figure 4. Circuit diagram of humidity sensor
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Figure 5. Circuit diagram of relay module
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Figure 6. Flow chart of main system program
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Figure 7. Flow chart of manual mode
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Figure 8. Flow chart of automatic mode
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Figure 9. Overall simulation circuit diagram
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Figure 10. Debug interface of display and virtual terminal
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Figure 11. Effect of data preprocessing
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Figure 12. Dynamic characteristics of irrigation system
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Figure 13. Comparison of soil moisture variation trajectories under single-threshold and dual-threshold control strategies
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