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Abstract

In recent years, the vigorous development of new-generation information technology has significantly
accelerated the intelligent transformation within the manufacturing industry. Against this backdrop, the
"Made in China 2025" strategy explicitly highlights the importance of deepening the application of
information technology across all aspects of the manufacturing sector. Among the various initiatives,
integrating equipment fault diagnosis technology with computer technology has emerged as an inevitable
trend. However, a major challenge in the field of fault diagnosis lies in the difficulty of data acquisition.
Given the precision, specialization and high value of production equipment, using "destructive" methods to
obtain data is unfeasible. Therefore, it is extremely urgent to explore a cost-effective method for data
acquisition. Currently, the combination of digital twin technology and artificial intelligence algorithms for
fault diagnosis has become a research focus in the industry. This article analyzes the existing fault diagnosis
methods, conducts an in-depth study on digital twin and deep learning technologies, and applies these to drip
irrigation equipment manufacturing enterprises. Ultimately, a fault diagnosis system based on a diagnosis
model is successfully developed. The main research contents cover the following aspects:

(1) Twin model construction and data acquisition strategy. In response to the problem of scarce fault
data in drip irrigation equipment manufacturing enterprises, this article employs digital twin technology and
focuses on the key component of the driven system in drip irrigation equipment production line - bearings.
Through an analysis of common bearing faults, the pitting corrosion fault of bearings is selected as the
research starting point. Ls-dyna software is utilized to construct twin models and fault-injection technologies
are adopted to simulate fault occurrences. By driving the model to operate and collect fault data, the problem
of data acquisition is effectively resolved.

(2) Innovative research on data augmentation models. Although twin models can solve the data-
acquisition problem, the obtained data still falls into the category of small samples and is difficult to support
sufficient training of deep learning models. Therefore, this article proposes a generative adversarial network
model that integrates a convolutional attention module and self-attention module, with the aim of enhancing
the quality of the generated data. The experimental results show that the FID scores for the generated data on
three types of faults reach 41.989, 64.966, and 46.273. And the generated data enable the diagnostic model
to achieve an accuracy of 91.66%, and perform well in the t-SNE visualization evaluation indicators,
providing rich and high-quality data support for fault diagnosis algorithms.

(3) Optimization research on fault diagnosis model. This article selects the ConvNeXt model as the
fundamental framework for fault diagnosis. An asymmetric convolution module and an EMA attention
module that combines spatial and channel attention are introduced based on this framework to construct an

improved ConvNeXt EMA-ACB model. Experimental verification shows that the model achieves an



accuracy of 95.36% and an F1 score of 95.02% in fault diagnosis tasks, which are 3.7% and 3.32% higher
than the original model, respectively. In addition, by incorporating the bearing fault dataset from Western
Reserve University for transfer learning, the model demonstrates an accuracy of 95.81%, exceeding that of
the non-transfer model by 0.22%. This fully validates the feasibility and effectiveness of the fault feature
generation and diagnosis method based on the digital twin model.

(4) Design and implementation of a fault diagnosis system based on diagnostic models. Based on the
aforementioned fault diagnosis model, this article designs and implements a fully functional fault diagnosis
system. The front-end is developed using the Bootstrap framework, and the back-end functionality is realized
through the Django framework. The system encompasses core functions such as user login and registration,
user information management, data statistics, and fault diagnosis, providing users with a more convenient
and user-friendly service experience. Meanwhile, system testing methods are adopted to verify the reliability
and availability of the functions, ensuring the stability of the system.

Key words: Fault diagnosis; Digital twin; Generate adversarial networks; Deep learning;
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