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Abstract

With the development of digitalization in agriculture, modern agriculture tends to be intelligent and
precise, especially in the precise management of weeds during crop growth. Weeds can harm the health of
cotton plants during their growing season. If weeds cannot be accurately located, spraying large areas with
chemical herbicides will waste resources and pollute the environment. At present, weed recognition,
classification and localization are mainly carried out by Convolutional Neural Networks (CNNS) for
feature extraction, which ensures a high recognition rate and achieves network lightweight, thus improving
the detection speed. This study carried out research on the weed detection process in complex cotton fields.
Aiming at the problems such as complex background of cotton fields, excessive weed species and different
shapes, occlusion between cotton leaves and poor real-time detection process in the process of weed
detection in complex cotton fields, the target detection model was improved and a cotton weed detection
system was built to achieve accurate weed identification and real-time weed detection. The main work of
this thesis is as follows:

(1) In view of the shortage of weed data sets in domestic cotton fields, this thesis constructs data sets
of cotton seedlings and five common weeds (grey green pigweed, hard grass, purslane, psammophylla,
purslane), adopts mean filter, median filter and Gaussian filter to de-noise the data, and uses data
enhancement technology to solve problems such as unbalanced and insufficient samples. It provides a solid
foundation for the deep learning algorithm in this study.

(2) Conducted preliminary training and comparative analysis on mainstream deep learning models
including Faster RCNN, SSD, YOLOvS5 and YOLOVS, and finally selected YOLOv8n as the baseline
model of this study. In this thesis, different fusion attention mechanisms (CA, CBAM, EMA, GAM) were
used to improve the accuracy of the model and reduce the sensitivity of the background, aiming at the false
detection and missed detection problems caused by plant interference, multi-class weeds and similar weeds
in complex backgrounds. The experimental data show that the model integrated with GAM attention
mechanism has the best performance, and the average accuracy mAP value reaches 96.1%.

(3) In view of the problems of high complexity and heavy computation of the improved YOLOv8n
model, this thesis carried out lightweight of the improved model and embedded lightweight module
MobilenetV3 in the backbone network to reduce the number of model parameters and calculation cost and
realize real-time detection. The experimental results show that the mAP50, accuracy, recall rate and F1
values of the improved model are increased by 3.1%, 1.4%, 1.8% and 0.2% respectively, the number of
parameters is reduced by 12.6%, the floating point computation is reduced by 36.6%, and the detection
speed is 0.06 seconds faster than the original model.

(4) In this thesis, the improved YOLOv8n model was deployed to the local computer equipment, GUI

interactive interface and model invoking software system were developed based on PyQTS5, cotton seedling



and weed detection system was built, and field tests were conducted. The test results showed that: The
identification accuracy of cotton seedlings was 94.3%, and the overall identification accuracy of weeds was
91.1%, which verified the feasibility of the improved model.

Key words: Weed identification in cotton field; YOLOv8n; Attention mechanism; Lightweight model;

Detection system
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