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Fig. 1 Principle diagram of inversion algorithm for oil film
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Fig. 4 Spectral signals collected in the experiment
(a): Background fluorescence and Raman scattering light spectra of sea water; (b): Fluorescence spectra of 10 um oil film;

() : Fluorescence spectra of crude oil films with different thickness; (d): Fluorescence spectra of diesel oil films with different thickness

B, 7ERX 0. 10 1 100 I Z J5 WUIH A9 S AR AE DB &l 5 R . 45Nk 1 R .

BTN o FEDECUE R B . 1158 K, 53l S 264 E 6% K, A 31
[FEA R E R ZE . 5 RWE 6 iR,
2000 1
times=0 °
times=10 % 24
— times=100 g
5 Feature fluorescence m
Ry
2
Z
2 1000 1 i
0 100 200
Times
: 5 Bo6 AEERXHEK HIREE
2l 600 Fig. 6 Error of K, with different iterations

Wavelength/nm
B 5 REERRERA R R EL T

Fig. 5 Feature fluorescence spectrum with different iterations

o 1RO, AR e VA T i R T I 4 R R 2 B
K+ 2 pern J5EBE R J5E 3 RS i il B S8 % 22 43 B Sk 1206
LA Y6 Wil A i JE B8 Py 300 S 3B 5 SRR 22 BT I /) » 20p0m
JEE L 4 i i 5 ol S 3 5 R 22 40 2. 306 3. 606
T AR S 125 % S [ JBE B i S 52 166 445 SR PR R 25 W R 2 5
Xk A [ J5% B2 il 247 i I A B e 0 S B A SR . AR SO Tk R T A
R 2 5B SR LA R AN 8 TR .

B2 R CHCHO BN+ 5T 3R SR o 15 5 5
YRR TG HEWT A . 3518 100 W5 A9 K U
U B 022 A8 194 BLA . RS (100 SO BUE RS K,
PNCT SR

AR 505 G0+ R 0 SR B0 1



108 S 5 6 M

542

1.6
ES
15
=]
m
1.4
T 1
0 10 20
Thickness/pum
7 K INMRESERRE
Fig. 7 Error introduced by K,
£1 HBEERRSR
Table 1 Inversion results of oil films
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Algorithm Research on Inversion Thickness of Oil Spill on the Sea Surface
Using Raman Scattering and Fluorescence Signal

CUI Yong-qiang' , KONG De-ming”" , MA Qin-yong', XIE Bei-bei' , ZHANG Xiao-dan', KONG De-han’, KONG Ling-fu'
1. School of Information Science and Engineering, Yanshan University, Qinhuangdao 066000, China
2. School of Electrical Engineering., Yanshan University, Qinhuangdao 066000, China

3. Department of Information Engineering, Hebei University of Environmental Engineering, Qinhuangdao 066000, China

Abstract As the problem of marine oil spills becomes more and more serious, a variety of remote sensing technologies are used
to monitor oil spills on the sea surface. Among them, Laser-Induced Fluorescence (LIF) technology is considered one of the
most effective oil spill detection technologies. Based on LIF technology. Hoge et al. proposed an integral inversion algorithm
based on Raman scattering light to evaluate the thickness of thin oil film. which has been widely used in oil spill detection on the
sea surface. Given the large error of the algorithm, an inversion algorithm for evaluating the thickness of oil spills on the sea
surface is proposed by using Raman scattering light and fluorescence signals. Firstly, the oil film thickness is inversed by Raman
scattering light signal, and then the fluorescence feature spectrum of oil is calculated using the inversion result, and finally. the
oil film thickness is inversed by using the fluorescence signal. The algorithm for inversion of oil film thickness using fluorescence
signal is deduced, the approximation algorithm of oil fluorescence feature spectrum and the error analysis of oil film thickness
inversion using fluorescence signal is given. Experiments verify the method, Crude oil and diesel are selected as the experimental
oil and the laser with wavelength of 405 nm is used as the excitation source. The collection wavelength range is 420~700 nm.
The background fluorescence and Raman scattering spectra of sea water, the fluorescence spectra of 2, 5, 10 and 20 pm oil films
are collected. The collected data are divided into a training set and a test set. The fluorescence feature spectrum of the oil is
obtained by gradient descent method using the training set data, and the oil film thickness is retrieved by the Raman integration
method and the method in this paper respectively, using the test set. Using Raman integral method, the average errors for
different thicknesses of crude oil are 12. 6%, 4. 6%, 4.4% and 2. 3%, and the average errors for different thicknesses of diesel
oil are 14. 0%, 7. 0%, 4. 2% and 3. 6% ; Using this method, the average errors for different thickness of crude oil are 2. 5%,
2.2%,1.2% and 1. 1%, and the average errors for different thickness of diesel oil are 3. 0%, 2.4%, 2. 7% and 1.6%. The
experimental results show that the errors of the 2 um oil film inversion results are reduced the most. The errors of the 2 pm oil
film inversion results for crude oil and diesel oil are reduced from 12. 6% and 14.0% to 2. 5% and 3. 0%. The errors of the oil
film inversion results of other thicknesses are also greatly reduced. The errors of the oil film thickness inversion results are all

less than 3%. The algorithm can effectively improve the accuracy of the oil film thickness inversion results.
Keywords Laser induced fluorescence; Fluorescence spectrum; Oil spill on the sea surface; Oil film thickness; Gradient descent
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