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Abstract

Pest monitoring of tea plants is the basis of pest control in tea gardens. Traditional pest monitoring is
mainly carried out by manual inspection, which is difficult to achieve continuous monitoring and has high
labor costs. At the same time, the tea garden environment has typical unstructured complex scene features,
such as changes in light, leaf occlusion, pest overlap, etc., which will affect the final judgment. In addition,
the individual size of the main pests of tea trees is small. Among them, the size of tea green leathoppers is
about 3mm, and the size of green bugs is about 4mm. The size of these pests in the collected images is usually
only 20-40 pixels. The recognition of these pests is a typical small target detection. Based on machine vision
and embedded technology, a monitoring system for small target pests of tea plant was designed by taking two
small target pests of tea plant, green leathopper and green mirid bug, as the research objects. The main
research contents are as follows:

(1) Aiming at the yellowing characteristics of small target pests, tea green leathopper and green bug, a
sticky insect device based on yellow insect roll was designed. The device consisted of a sticky insect roll
update module, an image acquisition module, a solar power supply module and a control system. The
automatic update of the adhesive tape is realized by the stepper motor drive, and the industrial camera is used
to shoot the trapping area at a fixed point, so as to realize the continuous acquisition of the pest image. The
solar power supply system provides stable energy for the equipment to ensure that the device can operate
unattended for a long time in the tea garden environment.

(2) Aiming at the problems of complex environment of tea garden, small and difficult identification of
pest individuals on Mythimna separate and limited edge computing power, a lightweight scale dynamic
feature detection model YOLO-LSD based on improved YOLOVS is proposed. The model proposes a scale
dynamic attention module SDAM, and optimizes the model detection head and introduces the wavelet
pooling module, which improves the model 's ability to extract small-scale pest features, and improves the
detection performance while ensuring a small parameter scale. The average accuracy of YOLO-LSD is
94.3 %, the F1 value is 92.1 %, the number of model parameters is only 1.68 MB, and the weight file size is
3.8 MB. On this basis, based on the transfer learning method, the model is incrementally trained to realize
the expansion of the detection task from a single target pest to a variety of tea tree pests. The results showed
that the accuracy of A. lucorum was 97.8 %. The improved model achieves higher detection accuracy on the
test set.

(3) The raspberry pi 5 was selected as the core control unit, and the trained YOLO-LSD model was

converted into ONNX format and deployed at the raspberry pie end to complete the identification of pest



images. Using RTC clock and Crontab timing task tool, the automatic control logic of the system is designed,
so that the monitoring equipment can switch on and off regularly, complete the function of insect detection
and insect roll expansion regularly. Based on the PyQt5 framework, the monitoring software interface was
developed to realize the functions of visual display of detection results, pest data statistics and equipment
control.

(4) The system is field tested. The system works normally, the total detection accuracy is 97.89 %, the
recall rate is 94.90 %, the missed detection rate is 5.10 %, and the counting accuracy is 96.94 %. The average
CPU utilization rate was 25.0 %, the memory occupancy rate was 8.9 %, and the average reasoning speed of
the model was 3.80 FPS. The recognition effect of the tea tree target pest was better.

Key words: Tea plant pests; pest monitoring; small target detection; monitoring device; machine vision
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