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Abstract: In deepwater drilling operations, the acquisition of logging parameters such as sonic transit time (DTCO) is associated with

high cost and operational constraints, while conventional data-driven soft-sensing methods often exhibit limited generalization capability
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in cross-well applications. To address these challenges, this study proposes a dual-domain adaptive mixture-of-experts-based soft
measurement method for sonic transit time in deep-sea drilling processes. This method integrates multi-source drilling data and
constructs separate multi-expert soft measurement models for acoustic travel time based on low-frequency migratory trend domains and
high-frequency residual domains. Building on this, adaptive mixed weights are introduced to dynamically assess the reliability of the
two domains using multi-source unsupervised signals, thereby achieving adaptive fusion of acoustic travel times. Comparative
experiments conducted on multiple real drilling datasets demonstrate that the proposed method consistently outperforms benchmark
models, including SVR, RF, RNN, LSTM, and Transformer, in terms of cross-well prediction accuracy and stability, achieving an average
error reduction of approximately 15%. This method effectively balances prediction accuracy with the stability of cross-well application

whilst relying solely on pre-drilling exploration and drilling data, and is suitable for real-time sonic transit time soft measurement in

deep-sea drilling environments.

Key words: Sonic slowness; Cross-well generalization; Soft sensing; Dual-domain modeling; Adaptive Mixture of Experts.
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Fig.6 Prediction results and error curves for Wells B and C using the proposed method (a) Prediction results for Well B (b) Error curve
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Table 4 Comparison of predictive performance across different

models for Wells B and C

Fis it MAE  RMSE MAPE R2
P 5.2868  6.9810  4.5802  0.8130
SVR 19.7578  22.56  15.6445 -0.953
RF 58477 83759 51399 0.7308
B RNN 462775 49.0068 36.8791 -8.217
LSTM 332506 36.1812 26.2165 -4.024
Transformer 31.9587 34.6897 252129 -3.618
Autoformer  28.0895 30.3949 22.4969 -2.545
PR 51236 7.3092 57641 0.4607
SVR 63125 83225 69144 0.3008
RF 6.4963  8.4037 72373  0.2871
C RNN 18.2473  20.5545 18.8347 -3.265
LSTM 55755 73909  6.1816  0.4486
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