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Blind Denoising Method for Distributed Optical Fiber Data of Horizontal Well Fracturing

Based on Physics—Informed Self—-Supervised Learning

LIU Xiaochao, MA Junxiu, HE Wenlin, XIE Zengguang, LV Yuanyuan, HE Li
(Production Technology Research Institute , PetroChina Xinjiang Oilfield Company , Karamay 834000, Xinjiang, China)

Abstract: To address the challenges of low signal—to—noise ratio (SNR ) and the lack of clean ground truth labels for distributed acous—
tic sensing (DAS) and distributed temperature sensing (DTS) data during hydraulic fracturing, a physics—informed self-supervised
blind denoising method is proposed. Instead of relying on clean reference data, this method constructs self-supervised training samples
using a checkerboard alternating sampling strategy on time—depth sub—blocks and enables the denoising network to learn noise distri—
butions adaptively. Furthermore, physical constraints such as thermal conduction smoothness, edge preservation, and wavefield coher—
ence are introduced for DTS and DAS characteristics , respectively. A spatially weighted loss function based on perforation cluster posi—
tions is also established to prioritize the preservation of key response features near clusters. It is demonstrated that the proposed method
outperforms traditional filtering methods in terms of SNR and structural similarity (SSIM). The denoised data significantly enhances
the clarity of cooling fronts and acoustic energy bands at fluid entry points, which effectively improves the accuracy of fracturing event
recognition and cluster efficiency evaluation.
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Fig. 1 Schematic illustration of the self-supervised training sample construction process based on time—depth sub—block partitioning and

checkerboard—alternating sampling
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Fig. 2 Architecture of the physics—informed self-supervised denoising network
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Fig. 3 Schematic of fiber—optic monitoring during staged multi—cluster fracturing in horizontal wells
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Fig. 4 Comparison of time—depth distributions for DTS temperature field
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informed self-supervised method
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informed self-supervised method
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