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Research on field weed detection and variable application control
system based on instance segmentation
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(1. College of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500,
Yunnan, China; 2. Shandong Academy of Agricultural Machinery Sciences, Ji’nan 250100, Shandong, China)

Abstract: [Objective] Aiming at the problem of low pesticide utilization and high risk of drug damage, which
ultimately lead to the decline of crop yield and quality under the soybean (Glycine max) and corn (Zea mays)
intercropping mode in Southwest China due to the reliance on the traditional rough application method for weed
prevention and control, a set of real-time weed detection system based on machine vision and a precise variable
application weed control device is designed. [Method] Based on instance segmentation and machine vision
technology, this study constructed a weed identification and classification algorithm, and combined with the
gradient application test to determine the optimal application rate of different weed classes, developed a weed
variable application control system, and realized the precise regulation of spraying rate. [Result] The model
performance evaluation results demonstrate that the improved model achieved a 1.6 percentage point increase in
accuracy, a 0.2 percentage point improvement in recall rate, and a 1.0 percentage point enhancement in target

precision. This reduced the probabilities of missed and false detection of crops and weeds in complex field
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environments while improving detection accuracy. Field trials showed that the model’ s actual detection
accuracy consistently exceeded 90%, with both false detection and missed detection rates below 5%. Compared
to traditional continuous extensive pesticide spraying, this device achieved up to 53.97% pesticide savings,
highlighting its superior efficiency in reducing chemical usage. [Conclusion] The intelligent application of
weed control device significantly improves the accuracy of weed identification and classification, improves the
pesticide utilization rate and reduces environmental pollution, and provides a scientific and efficient solution for
weed prevention and control. [Ch, 6 fig. 5 tab. 25 ref.]

Key words: weed identification; deep learning; instance segmentation; precision application; control system
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