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Abstract

To address issues such as large data volume, low efficiency of manual analysis, and vulnerability to
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external interference in non-contact magnetic memory testing for pipeline defect detection, this
study proposes a multimodal data processing method that combines anomaly detection algorithms
with image classification models. The method employs an isolation forest algorithm integrated with
local analysis strategies to preliminarily screen magnetic signals and quickly locate suspected ab-
normal points. It then incorporates an image classification model to identify environmental inter-
ference, assisting in the judgment and removal of abnormal data potentially caused by external fac-
tors. A self-developed detection device is used to synchronously collect magnetic signals, positional
data, and images, and 30 standardized experimental tests were conducted. Results show that the
proposed method achieves accuracy rates of 80.7% and 90% in identifying iron-based interference
and weld seams, respectively, with an image classification accuracy of 94%. After multimodal fusion,
the external interference elimination rate improved by 48% compared to the method without im-
age assistance. Under specific experimental conditions, this method effectively enhances the pro-
cessing efficiency and accuracy of magnetic detection data, providing a feasible solution for abnor-
mal data identification in pipeline inspection under complex working conditions.
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Figure 1. Research method for multimodal anomaly detection and interference elimination
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Table 1. Model classification performance evaluation table
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Figure 3. Illustration of the experimental scene layout
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Table 2. Summary of anomaly detection algorithm results
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