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Abstract

The rational utilization of water resources directly impacts global food security and stability. However,
in recent years, global warming has exacerbated water shortages. China, as a major agricultural country, has
its agricultural output accounting for about one-fifth of the national GDP. In recent years, with the continuous
increase in agricultural production and planting scale, agricultural water consumption has also been rising.
Therefore, how to achieve efficient utilization of agricultural water under limited water resources has
gradually become a focus of attention. Xinjiang, as one of the main cotton-producing regions in China, has
agricultural irrigation water consumption accounting for about 90% of the total agricultural water use
annually. In the process of agricultural irrigation, the amount of irrigation water needed is mainly influenced
by three factors: soil, crops, and meteorology. Currently, most irrigation equipment on the market often
considers only a single factor when making irrigation decisions, resulting in a significant gap between the
amount of irrigation water and the actual water needs of the crops, leading to water resource wastage. This
thesis addresses the irrigation needs of cotton fields in Xinjiang, designing a dynamic crop water demand
regulation system based on genetic fuzzy PID using sensor technology, intelligent control technology, and
the Internet of Things. The main research contents are as follows:

(1) To identify the main factors affecting crop water demand in farmland, the relationship between crop
water demand characteristics and soil, crops, and meteorological factors was analyzed. Different estimation
methods of crop water demand were studied, and a suitable estimation method was selected. A reference crop
water demand prediction model was built based on genetic algorithm, particle swarm optimization, and BP
neural network. MATLAB was used to simulate the prediction model, and the results showed that the GA-
PSO-BP crop water demand prediction results were more accurate. PID, fuzzy PID, and genetic fuzzy PID
controllers were designed to control the irrigation process. Simulation results in Simulink indicated that the
genetic fuzzy PID controller performed better in regulating the irrigation process.

(2) Based on the functional requirements and design needs of the dynamic crop water demand regulation
system, an overall scheme of the system was designed, including hardware and software systems. The
hardware system includes the selection and design of environmental information collection nodes, irrigation
execution nodes, and solar power supply modules. The software system design includes programming for
environmental information collection nodes, irrigation execution nodes, and the main program of the
dynamic crop water demand regulation system. The OneNET cloud platform was used to develop a remote
monitoring terminal for crop water demand, including interfaces for crop water demand prediction, manual

control, and automatic control.



(3) Environmental information collection node accuracy, system communication stability, and system
performance tests were conducted for the dynamic crop water demand regulation system. The results showed
that the relative error between the collected environmental information data and the standard values was
small under both sunny and rainy conditions, meeting the system's requirements for environmental data
collection. In the system communication stability test, the results showed an average communication success
rate of 96.9%, meeting the system's stable communication requirements. In the system performance test, both
the actual prediction effect of the prediction model and the regulation performance were tested. In the
prediction model's actual prediction effect test, the relative error between the predicted results and the
measured results was between -5.98% and 5.82%, indicating that the prediction model could effectively
predict the reference crop water demand. In the regulation performance test, under the genetic fuzzy PID
control method, the maximum error between the calculated irrigation water volume and the actual irrigated
farmland water volume was 2.86%, with regulation performance superior to PID control and fuzzy PID
control.

Key words: Farmland; Water demand Prediction; Dynamic regulation; Genetic algorithm; Fuzzy PID
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Fig.1-1 Statistics of the proportion of national Fig.1-2 Statistics of the proportion of water
water consumption in 2022 consumption in Xinjiang in 2022
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