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Fig. 4 Residual neural network structure diagram
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Fig. 5 Scatter plot of the propagation speed of ISWs with water
depth in the training and validation datasets(a) and distribution
of the number of ISWs wave packets over months

in the training and validation datasets(b)
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Table 2 Combination of hyperparameters in

transfer learning models

#HZH Hyperparameters & Value
Pretrained model seed 4
Epochl 400
Epoch2 500
Learning ratel 0. 002 2
Learning rate2 0. 000 6
Block number 9

FC layers number in a block 2
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Fig. 6 Prediction of speed inversion model

on the training set(a) and validation set(b)
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positions of in the test set
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Fig. 8 Inversion results of the model on the test set
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Table 3 Comparative experiment

S FR 2= L5 YIEMERIRZE  RIEENS RIR2ZE ISR REL RBIEENHCRE
Experiment Residual structure RMSE_train/(m/s) RMSE _val/(m/s) R? train R?_val
1 N 0.18 0.19 0. 86 0. 86
2 Y 0.13 0.15 0.93 0.91
F4 BEENKELNBE
Table 4 Model accuracy on the test set
TR Fl 3Ei A T FEL 2 Xtk 2% PImRiR % SR AR R 22
Depth range Data Vie/(mes™) V,g/(mes) AE/(m+s ') RMSE/(m+s ') MRE/ %
Datal 1. 65 1. 37 0. 28
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. 0.18 8.1
Data73 2.13 1. 95 0.18
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Fig. 9 The spatial distribution and speed inversion

of ISWs samples in single MODIS image
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Fig. 10 The distribution of predictive speed values of ISWs

samples with water depth
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A Inversion Study of Internal Solitary Wave Propagation Speed
Based on Transfer Learning in the Andaman Sea

Lu Yage, Li Zhixin, Yang Zhan, Wang Jing
(College of Physics and Ptoelectronic Engineering, Faculty of Information Science and Engineering, Ocean University of
China, Qingdao 266100, China)

Abstract: The propagation speed of internal solitary waves (ISWs) is one of the fundamental parame-
ters that characterizes their energy, and the inversion of ISWs propagation speed using optical remote
sensing images is a key technique. Two datasets of ISWs were established using optical simulation
experiments and optical remote sensing observations, including 1 581 samples from laboratory physics
simulations (LPS) and 568 samples from remote sensing data. To effectively use the LPS data, we
developed a transfer learning model to invert the propagation speed of ISWs in the Andaman Sea. with a
basic structure of a residual neural network (Res-net). The transfer process involves training the model
with the LLPS data first and then fine-tuning it with the remote sensing data. The speed inversion model
demonstrates good accuracy with an RMSE (MRE) of 0. 19 m/s (7. 7%) on the test set, with RMSE
(MRE) of 0.18 m/s (8.1%) and 0. 20 m/s (7. 2%) in shallow water and deep water modes respective-
ly, indicating its versatility in both shallow and deep waters. Applying this model to single-scene remote
sensing images in the Andaman Sea, the inversion results of 601 ISW samples show a strong correlation
between the predicted ISW propagation speed and water depth, with a bimodal distribution that reaches
its peak during spring tides.

Key words: internal solitary waves; propagation speed inversion; optical remote sensing images; labo-

ratory physics simulation; transfer learning
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