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Fig. 1. Schematic diagram of simulation platform of the in-

ternal solitary wave optical remote sensing.
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Table 1.  Design table of internal solitary wave experiment.

A% BOKE/em  BJEKEE/em TIEKIG /em LR/ (grem ™) TIRHEE/ (g-em™) RFARE /em
1 44 4 40 1.00 1.08 5, 10, 15, 20
2 44 5 39 1.00 1.08 5,10, 15, 20
3 44 10 34 1.00 1.08 5, 10, 15, 20
4 44 12 32 1.00 1.08 5,10, 15, 20
5 65 5 60 1.00 1.04 5, 10, 15, 20
6 65 5 60 1.01 1.04 5,10, 15, 20
7 65 5 60 1.02 1.04 5, 10, 15, 20
8 65 10 55 1.00 1.04 5, 10, 15, 20, 25
9 68 8.5 59.5 1.00 1.04 5, 10, 15, 20
10 68 8.5 59.5 1.00 1.06 5,10, 15, 20
11 68 8.5 59.5 1.00 1.08 5, 10, 15, 20
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Fig. 2. Schematic diagram of the internal solitary wave parameters in the laboratory: (a) Simulated remote sensing images; (b) the

internal solitary wave waveform diagram; (c) the gray scale profiles.
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Fig. 3. Scatter plot of the inversion results of the least

squares regression equation: (a) With the highest power of
2; (b) with the highest power of 3.
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Fig. 4. Scatter plot of test set of solitary wave speed inver-
sion model in SVR.
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Fig. 5. Schematic diagram of the multi-time image method: (a) An optical remote sensing image of GF-4 in the South China Sea at
10:43 on May 25, 2021; (b) the MODIS optical remote sensing image of the South China Sea area is at 13:40 on May 25, 2021.
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Fig. 6. Scatter plot of the solitary wave speed inversion model accuracy within least squares. (a) The scatter plot of inversion results
of least squares regression equation with the highest power of 2 before and after correction. The black scatters are the model results
before correction, and the red scatters are the model results after correction. (b) The scatter plot of the inversion results of the least
squares regression equation with the highest power of 3 before and after correction. The black scatters are the model results before

correction, and the red scatters are the model results after correction.
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Table 2.  Precision verification table of internal solitary wave velocity inversion model.
KU /m Huds V/(ms™) Vip/(ms™')  AE,/(ms™)  Vg/(ms') ABEgms') Veyr/(ms') AEsyg/(ms™)
Hdi1 2.22 1.73 0.49 1.71 0.51 1.85 0.37
it 2.05 1.85 0.20 1.89 0.16 2.04 0.01
400—1200
Hdjgo 1.52 1.77 0.25 1.77 0.25 1.93 0.41
Hdi1 1.60 1.69 0.09 1.62 0.02 1.80 0.20
it 1.90 1.95 0.05 1.90 0 1.72 0.18
300—399
11 1.43 1.38 0.05 1.39 0.04 1.69 0.26
Hdi1 1.32 1.38 0.06 1.39 0.07 1.55 0.23
it 1.44 1.62 0.18 1.45 0.01 1.48 0.04
200—299
14 1.22 1.03 0.19 0.99 0.23 0.97 0.25
Hidli 0.86 1.40 0.54 1.37 0.51 1.13 0.27
it 1.27 1.33 0.06 1.29 0.02 1.06 0.21
83—199
410 0.83 0.90 0.07 1.01 0.18 0.62 0.21
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Fig. 7. Precision validation diagram of the internal solitary wave velocity inversion model: (a)—(d) Scatter plots of inversion results
of three inversion models for internal solitary waves speed in water depths of 400-1200 m, 300-399 m, 200-299 m and 83-199 m, re-
spectively; (e) scatter plot of inversion results of three inversion models for internal solitary waves speed in water depths of
83-1200 m; (a)—(e) the black scattered points are the results of least squares inversion model with the highest power of 2, the red
scattered points are the results of least squares inversion model with the highest power of 3, and the blue scattered points are the
results of SVR inversion model; (f) the average absolute error histogram of the inversion results of the three inversion models for in-
ternal solitary waves speed in the water depths of 400-1200 m, 300-399 m, 200-299 m and 83-199 m.
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Inversion models of internal solitary wave propagation
speed in ocean based on least squares method and
support vector machine’
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(School of Physics and Optoelectronic Engineering, Ocean University of China, Qingdao 266100, China)
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Abstract

The propagation speed is one of the important parameters of the internal solitary wave (ISW). How to
obtain the ISW speed through optical remote sensing images accurately and quickly is an important problem to
be solved. In this paper, we simulate ISW optical remote sensing imaging, obtain an experimental database, and
build the ISW speed inversion model based on a single-scene optical remote sensing image by using the least
squares method and the support vector machine. The accuracy of the ISW speed inversion model is tested by
using MODIS Image and GF-4 image data of the South China Sea. The study results are shown below. The
least squares ISW speed inversion model can give the regression equation, which is more intuitive and has less
accuracy in the water depth ranging from 300 m to 399 m, while the support vector machine ISW speed
inversion model has high accuracy in the water depth ranging from 400 m to 1200 m and from 83 m to 299 m.
Therefore, the two kinds of ISW speed inversion models have different advantages, and can be applied to the

inversion of the ISW speed in the real ocean.

Keywords: internal solitary wave, optical remote sensing, propagation speed, least square method, support

vector machine
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