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Towing Guidance System for Greenhouse Seedling Frame Sprinklers
Based on Ultrasonic Distance Measurement
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(1. Department of Intelligent Manufacturing Engineering, Guangxi Electrical Polytechnic Institute, Nanning 530007, China
2. Liuzhou Fanglue Technology Co. , Lid. , Liuzhou 545007, China)

Abstract; Due to the high labor intensity and low efficiency of manual spraying operations in
greenhouses, as well as the high cost and low utilization rate of spraying operations performed by overhead
irrigation devices, ground-moving sprayers have become an effective solution. To address the guidance
problem of greenhouse seedling frame sprayers moving on the ground, a technical solution for an edge-
tracking front-wheel towing guidance system with simple structure and low cost was proposed. Meanwhile,
a sensor selection method for the edge-tracking guidance system and a guidance-deviation-correction logic
algorithm were put forward based on field conditions and sensor characteristics. The system was composed
of a four-wheel mechanism with independent drive, a dual-wheel synchronous steering mechanism that
can realize steering function at either the front or rear end, an information acquisition device equipped
with ultrasonic sensors, and a PLC-based computing core. Upon completing guidance-deviation-correction
via the variable proportional gain PID model, the system output direction, yaw angle, and rotation speed
signals to the steering motor, which then yawed in the designated direction to realize deviation correction.
In addition, based on the above theories, an implementation case of the edge-tracking front-wheel towing
guidance system was provided, including survey data of the test platform, hardware composition of the
system and its underlying hardware wiring principle. Furthermore, Matlab simulation of the variable
proportional gain PID model, correlation verification of key data, field tests and test effect evaluation were
carried out. Test results showed that when the system operated at a speed of 5 m/min, it can accurately
identify the preset deviation-correction boundary, with a deviation correction accuracy of 5 mm. The

deviation correction and guidance movement was stable and smooth, without any interference, collision or
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other problems throughout the process.

Key words: greenhouse; seedling frame sprinklers; ultrasonic distance measurement; towing guidance

system; dynamic deviation correction; PID control
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Fig. 10  Simulation curves of variable proportional

gain PID model
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Fig. 12 Schematic of control system wiring principle
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