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Abstract

Cotton is an important industrial raw material and strategic resource in China, which is of great
significance to protect people 's livelihood, stabilize the textile industry and maintain the safety of the
industrial chain. At present, film mulching technology is widely used in cotton planting. Long-term use has
caused the continuous accumulation of residual film in the soil, resulting in the decline of cultivated land
quality, crop yield reduction, and soil white pollution. It is urgent to control residual film pollution. In the
process of treatment, in addition to the development of recycling equipment, rapid and accurate assessment
of residual film pollution is also critical. Conventional manual sampling-based evaluation entails
substantial labor input, low efficiency and poor timeliness, which cannot meet the needs of rapid evaluation
of large-area cotton fields. UAV technology provides a new idea for on-line assessment of residual film
pollution, but there are still the following shortcomings in practical application. The integrated automatic
and rapid on-line assessment of UAV is not fully realized. The layout of sampling points in irregular cotton
fields is unreasonable. Different illumination will interfere with the accuracy of residual film segmentation,
and there is a lack of prediction methods for shallow residual film pollution, which all affect the quality and
efficiency of assessment. Aiming at the accurate and efficient online assessment of residual film pollution
in cotton fields, this thesis constructs an integrated online assessment system to provide technical support
for residual film pollution control and ecological sustainable development of cotton fields. The main
research contents and conclusions are listed below:

(1) The overall system architecture design. Aiming at the actual needs of efficient online evaluation of
residual film pollution in cotton fields, this study clarifies the core functions and design directions of the
system, and constructs a complete technical framework covering software and hardware, core algorithms
and system integration. The DJI Mavic 3M industry-level multispectral UAV is selected as the data
acquisition terminal, which is responsible for the collection of cotton field residual film images and related
parameters. With the help of DJI 's cloud API, a four-layer architecture of ' end-to-end cloud use ' was
designed to construct a cotton field residual film pollution assessment APP and Web-side development
framework to meet the practical application requirements of the cotton field online assessment system.

(2) Research on UAV sampling and path planning. Aiming at the problems of uneven distribution of
traditional five-point sampling method, poor adaptability of plot boundary and insufficient
representativeness of samples, this study designed a radial sampling method based on geometric center
suitable for large-area irregular cotton fields to realize automatic and uniform layout of sampling points. A

total of 6 points from the sampling point and the starting point of the operation are abstracted as a traveling



salesman problem with a scale of N = 6. The UAV flight path planning and algorithm implementation are
completed and comparative experiments are carried out. The results show that the Held-Karp algorithm
takes into account the path quality and planning efficiency in the small-scale TSP path planning, and can
stably find the global optimal path. The average planning time is 0.06963 s, which can be effectively
applied to the path planning of residual film pollution assessment in UAV cotton field, and significantly
improve the evaluation efficiency and accuracy.

(3) Research on detection method of surface residual film in cotton field based on UAV. In the
evaluation of residual film pollution in cotton fields in Xinjiang, the existing segmentation methods have
the problems of high missed detection rate and weak resistance to light interference. In this study, the
typical cotton area in Xinjiang was taken as the research area, and the residual film data under multi-plot
and multi-light conditions were collected. After preprocessing, a standardized data set was constructed. On
the basis of the original U-Net, the improved ASPP module is embedded, the CBAM attention mechanism
is introduced, and the InceptionV4 structure is integrated to construct the AIC-UNet residual membrane
segmentation model. Extensive comparative and ablation experiments are carried out to validate the
performance of the proposed model. The results show that the model has excellent segmentation
performance ( Pa 99.78 %, F1-Score 90.34 %, mloU 88.59 % ). The time-consuming increase of single
image segmentation is small, and the predicted coverage has a good correlation with the real value ( R?
0.968, RMSE 0.07318, PCC 0.98393 ). The AIC-UNet model proposed in this study effectively solves the
problem of low segmentation accuracy of residual film in complex scenes, and provides reliable technical
support for quantitative evaluation of residual film pollution in cotton fields.

(4) Research on prediction method of shallow residual film content in cotton field based on UAV. The
content of shallow residual film in cotton field is the core index to evaluate the degree of residual film
pollution. The existing content measurement methods based on manual sampling and weighing have the
problems of high labor intensity, low efficiency and poor spatial representativeness, which are difficult to
meet the needs of precise control of residual film pollution in large-scale cotton fields. The research takes
the weight of shallow residual film in cotton field and the image of UAV surface film as the object, and
establishes the technical way of UAV image feature and weight prediction. Through experiments, it was
found that the residual film coverage of 300 samples was positively correlated with weight ( R?> = 0.79635,
PCC = 0.89239 ). The RDTR-Net model performed best with the advantages of ResNet50, Transformer,
Dice-CE Loss and ridge regression ( R? = 0.853, RMSE = 0.1009 ). Compared with traditional manual
sampling, this method greatly shortens the monitoring time, reduces the cost and does not damage the soil,
and provides technical support and data support for large-scale high-precision monitoring and precise
treatment of residual film pollution in cotton fields.

(5) Development and field verification of online evaluation system for residual film pollution in



cotton field based on UAV. An on-line evaluation system for residual film pollution in cotton fields based
on UAV platform was designed and developed, and the performance and application effect of the system
were verified by field experiments. The functional modules of the system are integrated, and the radiation
sampling point layout and path planning algorithm based on geometric center, AIC-UNet model and
RDTRNet model are integrated. The Vue.js framework is used to build the web interface of the online
evaluation platform of cotton field residual film pollution, and the design and development of the UAV
sampling mobile APP is completed based on Android Studio. The back-end uses Spring Boot as the core
framework to realize the construction of each functional module and database of the system. At the same
time, the reliability and operation stability of the overall function are verified by system test. The automatic
integration of UAV sampling, data transmission, model calculation and pollution assessment is realized.
The results of field experiments showed that the average relative error of system evaluation was 8.2 %, and
the average evaluation time of single area was 412 s, which could effectively make up for the shortcomings
of traditional residual film evaluation methods and provide strong technical support for rapid, accurate and
efficient online evaluation of residual film pollution in cotton fields.

Key words: cotton field residual film pollution; path planning; information prediction; deep learning;
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Fig.1-1 The plastic film mulching planting model in Xinjiang cotton-growing areas.
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Fig.1-2 The pollution situation of residual plastic films in cotton fields.



