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Tab. 1 Parameters of the ASD-FieldSpec4 ground object
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JeHEE FEl/nm 350~2 500
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i A /m 1.5(25°%%%)
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MK 2 M /mm 0.1
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Fig. 1 Experimental observation setup diagram
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Tab. 2 Oil-film thicknesses in different experimental

groups
¥ BEE R om®  ER /g AR R/ um
1 0.000 0.000 0.000
2 19.635 0.615 371.8
3 19.635 0.856 517.5
4 19.635 1.129 682.6
5 19.635 1.426 862.2
6 19.635 1.608 972.2
7 19.635 1.950 1179.0
8 19.635 2.282 1379.7
9 19.635 2.460 1487.3
10 19.635 2.752 1 663.9
11 19.635 3.106 1877.9
12 19.635 3.239 19583
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Fig. 2 Field experiment images
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Fig. 3 Remote sensing reflectances of each experimental group
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9 A ByR BN 10 Bros:
A= zze*E(v,h,W,a,b) ) (10)
v h

Fef1kix DBN BYH] W2 A AG B8 X, B
JZEn i E Dy H, WS &R M2 S 2 e
JUAEE 5 fi e BB o A= 11 B

W =W +gHj(1—Hj)X(i);wj,kek , (A1)
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Tab.3 Spectral feature filtering experimental results
e JEIERFE X 7] /nm
350~359
1 300~1 349
1 450~1 694
1 775~1 799
2 050~2 246

N A W oo =

350~359 nm 3t il N OGS £ 5 AN [R) 52 56 41 1Y
T B RE R S X B TR L, I L AT A R AR i
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Fig. 5 Spectral feature intervals
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Tab. 4 Spectral feature filter experiment inversion accuracy
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(RGN, 5 X b 4 i B e D R i S i A5 2R, 4R
FECTERFIE I Ve d O LB, SCIREE RN 4 Fis .

ot o J e o V5 S 0K FEE /%

S B Fsf 18] /s
8 Mrp CRKTEH) My +Mp I'2
EX A Ny 89.75/89.78/89.66/89.66/89.61 89.69+0.06 0.918 150.6
i R B 94.93/94.96/94.99/94.99/94.98 94.97+0.02 0.961 45.1
e HT A A 4 s JEL i R S . .
2 4 BoR, FETFOCIERREECE B 1 5 R R I 33 BERAYV A

K BE AT LAGK 5] 94.97%, BRI P T AL R A
0.961, SZIG 25 SR 34 22 75 il 7E+0.02%, AH X T3
T Ak B i O T B )T R R R U A SR, RO
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(R L B2 S T S IR AR AN Oy 45.1 s, JmIm Ik T T
2B G I RS B S S A 1Y 150.6 s,
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x5 HEBYRIBBE

Tab.S5 Sample data of self-expanding experiment inversion accuracy

S

oS ot 5 40 X V5L S BN TR/ %

L At ] /s
FEAH & Mg a(FAREEE) Mg, +Mp R?
0 94.93/94.96/94.99/94.99/94.98 94.97+0.02 0.961 45.1
100 96.06/96.05/96.09/96.15/96.10 96.08+0.03 0.969 51.2
200 96.10/96.16/96.18/96.17/96.19 96.16+0.02 0.965 55.6
300 96.22/96.24/96.23/96.33/96.24 96.25+0.03 0.970 63.1
400 96.26/96.32/96.34/96.31/96.21 96.29+0.04 0.969 74.8
500 96.51/96.54/96.51/96.52/96.40 96.50+0.03 0.970 81.3
600 96.76/96.74/96.68/96.71/96.65 96.71+0.03 0.971 86.9
700 96.61/96.59/96.70/96.58/96.65 96.63+0.04 0.966 88.3
800 96.49/96.58/96.65/96.58/96.56 96.57+0.04 0.969 94.4
900 96.54/96.63/96.50/96.43/96.50 96.52+0.05 0.970 99.2
1 000 96.55/96.58/96.60/96.58/96.42 96.55+0.05 0.968 102.8
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Fig. 6 Sample data of self-expanding experiment inversion
results
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Tab. 6 Inversion accuracy for various values of normalized cut-off frequency

st o JE s o J5E 52 0K FEE /%

b M (BT B) M +Mp R s
0 96.76/96.74/96.68/96.71/96.65 96.71+0.03 0.971 86.9
0.1 97.01/97.14/97.07/97.17/97.06 97.09+0.05 0.976 90.2
0.2 97.58/97.68/97.36/97.45/97.60 97.53+0.10 0.979 91.3
0.3 97.74/97.55/97.74/97.68/97.72 97.69+0.06 0.980 92.8
0.4 97.65/97.58/97.56/97.57/97.65 97.60+0.04 0.981 93.7
0.5 97.66/97.69/97.63/97.67/97.32 97.61+0.08 0.979 94.5
0.6 97.51/97.55/97.30/97.47/97.56 97.48+0.07 0.980 95.1
0.7 97.36/97.40/97.41/97.53/97.71 97.48+0.11 0.979 96.6
0.8 97.45/97.22/97.30/97.45/97.20 97.32+0.10 0.978 96.9
0.9 97.36/97.27/97.36/97.40/97.45 97.37+0.05 0.979 97.3
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Tab.7 Model robustness test experiment inversion accuracy
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Fig. 10 Model robustness test experiment inversion results
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Abstract: Marine oil spills seriously endanger marine ecological security, human health, and economic develop-
ment. Thus, to protect the marine ecological environment, it is very important to carry out research into the estima-
tion of marine oil spillages using remote-sensing technology. The thickness inversion of an oil film is the key indi-
cator for the estimation of oil spill volume. We set up an outdoor experimental site to simulate real oil spills on a sea
surface and, by using field-measured hyperspectral remote-sensing data, we study the thickness inversion of sea oil
spills. In this paper, we combine deep learning with remote-sensing technology and propose an oil-thickness-inver-
sion generative adversarial and deep belief network (OG-DBN) model. The model consists of a self-expanding
module for the oil film’s spectral feature data and a module for the oil-film thickness inversion. The self-expanding
module can automatically select spectral feature intervals with good spectral separability based on the measured
hyperspectral remote-sensing data and then expand the number of samples using a generative adversarial network
(GAN) to enhance the generalization of the model. The oil-film-thickness-inversion module is based on a DBN. It
extracts the characteristics of the spectral feature data of oil films with different thicknesses, and then accurately
inverts the oil film’s absolute thickness. The results show that the accuracy of absolute oil thickness inversion for
the OG-DBN model proposed in this paper can reach 97.69%, the determination coefficient (R*) can reach 0.980,
and the mean deviation remains within +0.06% under controlled experimental conditions. In the model stability test,
the model maintains relatively stable inversion results. The accuracy of the oil-film thickness inversion remains
above 93.33%, R? remains above 0.957, and the mean deviation is controlled within +£0.6%, which indicates excel-

lent robustness.
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