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Abstract: [ Objective 1 To address the problems of inter-class similarity, significant intra-class variation, and insufficient represen-
tation capability of single -modal features for external vibration signals in complex long - distance oil and gas pipeline scenarios, a
multimodal fusion-based pipeline external safety monitoring method is proposed to improve the event recognition performance of
Distributed Acoustic Sensing (DAS) systems in practical operating environments. [ Methods Y Real-world vibration signals were
collected by a DAS system deployed on a provincial smart pipeline network platform. Each signal sample was constructed into
three modalities, namely raw waveform, short-time Fourier transform spectrogram, and Gramian angular field image. According
to the data representation characteristics of different modalities, a multi-branch feature extraction network was developed. A one-
dimensional convolutional neural network was used to extract the local temporal features. A two-dimensional convolutional neural
network was used to extract time - frequency texture and energy distribution features, and a vision Transformer was used to extract
global correlation structure features from encoded images. On this basis, a cross-modal attention fusion mechanism was designed
to align, interact, and fuse heterogeneous modal features. Meanwhile, considering class imbalance and modal fusion bias in real -
world scenarios, a cross-modal collaborative focal loss function was constructed to enhance the learning capability of the model for
hard - to - classify and minority - class samples. [Results JExperimental results on a real pipeline external event recognition dataset
show that the proposed method achieves stable convergence during training and good overall performance in the pipeline external
event recognition task. The average precision, average recall, and average F1-score reach 0. 968 3, 0.972 8, and 0.970 5, re-
spectively, outperforming the comparison models. In addition, the comparison between single -modal and multimodal inputs fur-
ther demonstrates that multimodal input provides more sufficient discriminative information and significantly improves the repre -
sentation capability of the model for complex vibration signals. [ Conclusion] The proposed method can effectively integrate raw
temporal information, time - frequency distribution, and global correlation structure, thereby improving the separability of similar
events under complex backgrounds. It provides an effective technical solution for DAS -based pipeline external safety monitoring
and intelligent early warning.
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Figure 1  Schematic diagram of long-distance pipeline and DAS system monitoring
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Figure 2 Framework of the proposed multimodal fusion network for pipeline external event recognition
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Table 3 Comparative experimental results of different
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