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Abstract

Xinjiang is an important fruit-producing region in China, and the fruit industry has become a pillar
industry of the regional economy. Scientific fertilization is crucial for enhancing fruit quality, maintaining
tree nutrition, and ensuring sustainable production in orchards. However, common issues in production
such as excessive chemical fertilizer application, insufficient organic fertilizer application, and mismatch
between fertilization and tree requirements have led to low fertilizer utilization, soil degradation, and
environmental pollution. Therefore, optimizing fertilization techniques and implementing precise nutrient
management are crucial for enhancing the sustainable development capacity of Xinjiang's fruit industry.
The existing deep application machines for animal manure generally suffer from low fertilization accuracy
and excessive reliance on operator experience, making it difficult to meet the orchards' needs for precise
and diversified fertilization. Addressing these issues, this study, based on a self-developed self-propelled
orchard deep manure application machine platform and centered around the actual operational needs of
Xinjiang orchards, conducts research on variable fertilization control for different fruit tree varieties and
ages, as well as PID precise control based on optimization algorithms. A precise variable fertilization
control system for orchard animal manure is designed, aiming to provide theoretical basis and practical
reference for the development of precise fertilization equipment in Xinjiang orchards. The main research
contents and conclusions are as follows:

(1) Based on the principle of integration between agricultural machinery and agronomy, as well as
material characteristics, the overall scheme of a precision variable rate fertilization control system was
determined. Taking Xinjiang's characteristic fruits, walnuts and apples, as the research objects, the
fertilization requirements under different tree species and tree age conditions were clarified through field
research. Furthermore, key physical parameters of sheep manure were measured, yielding a density of
1.486 g/cm?® and a moisture content of approximately 17.99%. Based on this, a mathematical model for
variable rate fertilization based on variety and tree age was constructed. In addition, the mechanical design
of core actuators such as the scraper fertilization device and the spiral auger device was completed.
Combining practical production and material characteristics, the integrated architecture and control scheme
of the fertilization control system were ultimately established.

(2) Based on Simscape and Simulink, a variable fertilization model and a precision fertilization model
were constructed, respectively, focusing on the research of variable fertilization control and PID precision
fertilization control. The feasibility of the variable fertilization scheme based on fruit tree varieties and tree
ages was verified through simulation experiments of the variable fertilization model. Under six sets of
target rotational speeds, the relative error between the simulated and theoretical values of the system's
steady-state fertilization amount was less than =+ 5%. To address the issue of insufficient fertilization

accuracy caused by the nonlinear characteristics of the hydraulic control system, a hybrid intelligent
11



algorithm SA-IsingRBM, which combines simulated annealing algorithm and Ising coupled restricted
Boltzmann machine, was proposed for PID parameter tuning, and compared with particle swarm
optimization algorithm, differential evolution algorithm, copy exchange algorithm, and other algorithms.
The simulation results of the precision fertilization model showed that SA-IsingRBM performed optimally,
with corresponding IAE, ITAE, overshoot, and adjustment time of 0.0303, 0.506, 5 X 10, and 1,
respectively.

(3) Based on the aforementioned research, the software and hardware design and integration of a
precision variable rate fertilization control system for orchard manure were completed. The system adopts a
distributed control architecture consisting of an upper computer and a lower computer: the upper computer
uses a touch screen as the human-computer interaction interface, while the lower computer uses a
programmable logic controller as the core controller. Hydraulic servo control is achieved through an
electro-hydraulic proportional relief valve, and the scraper fertilization device and spiral auger device are
controlled by driving the hydraulic motor. Combining the linear model between the spiral auger speed and
fertilization rate with a PID controller, the control system's program design was completed. The system
supports setting target fertilization rates based on different tree species-age combinations, and achieves
feedback regulation based on PID parameters obtained after tuning through simulation experiments.

(4) Based on the self-propelled deep application machine platform for orchard manure developed,
field performance tests were conducted. Actual testing in the walnut orchard of Yecheng County, Xinjiang,
showed that the average relative error of the system's no-load speed was below 5%; the system responded
quickly, with a step response time within 3 seconds; the coefficient of variation of the fertilizer discharge
was less than 15%, and the stability of fertilizer discharge met the design requirements, with the actual
fertilizer discharge error being less than 5% compared to the theoretical fertilizer discharge. This study
provides a theoretical basis and practical foundation for the intelligent improvement of the precision
variable fertilization control system for orchard manure.

Key words:Orchard; Manure; Precision control system; Optimization algorithm
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