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Fig. 1 Principle diagram of inversion algorithm for thin oil film
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thickness with different errors
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Fig. 5 Experimental results

(a): Background fluorescence and Raman scattering light spectra of
sea water; (b): Feature fluorescence spectrum of oil; (c¢): Fluores-
cence spectra of 200 pm oil film measured 30 times; (d): Fluores-

cence spectra of oil films with different thickness
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Table 1 Wavelength selection of oil films

with different thickness
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Table 2 Estimate results of oil films with different thickness

S B JEBE / pm S JE BE / pm W2/ %
25 27.2 8.8
50 56. 6 13. 2
100 109.5 9.5
200 225.2 12. 6
400 438.5 9.6
600 566. 8 5.5
800 685.7 14.3

1 000 762.2 23.8
1 200 845. 2 29.6
1 400 936. 4 33.1
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Fig. 7 Estimate results of oil films with different thickness
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Table 4 Error of oil films with different thickness

PRI L/ pm 522/ 6
25 1.74
50 1.78
100 1. 66
200 1.76
400 1.71
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1,000 1.56
1200 1.66
1400 1. 65
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A Method for Estimating Thick Oil Film on Sea Surface Based on
Fluorescence Signal
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Abstract  Oil film thickness is an important indicator for the assessment and analysis of oil spill pollution on the sea surface.
Laser-Induced Fluorescence (LIF) is one of the most effective technologies for oil spill detection at present, the oil film thickness
inversion algorithm based on LIF is only suitable for thin oil film (<10~20 pm), there is no effective method for the evaluation
of thicker oil film (=20 pm). In view of this, an inversion algorithm based on LIF detection technology for evaluating thicker oil
film is proposed, the algorithm uses oil film fluorescence signal to invert oil film thickness, deduces oil film thickness inversion
formula, and gives oil film thickness evaluation method based on the inversion algorithm. First, Otsu algorithm is used to select
the appropriate fluorescence spectrum band, and then the oil film thickness is retrieved according to the spectrum data of each
wavelength in the selected band, finally, the average value of the retrieved oil film thickness is used as the oil film thickness eval-
uation result. The applicable range of the algorithm is studied, the relationship between the maximum value of the effective eval-
uation range of the algorithm and the relative measurement error is given, the maximum value of effective evaluation range of oil
with different extinction coefficients under various measurement errors is given. The method in this paper is verified by experi-
ments. The mixture of crude oil and mineral oil (1 50) is selected as the experimental oil and the laser with a wavelength of 405
nm is used as the excitation source. The collection wavelength range is 420~750 nm. The background fluorescence and Raman
scattering spectra of sea water, the fluorescence spectra of experimental oil and various thick oil films are collected to invert the
oil film thickness. Otsu algorithm is used to select the band of 420~476 nm to evaluate the oil film thickness. The evaluation
results show that when the oil film thickness is <{800 um. the algorithm has high accuracy, with an average error of 10.5%;
when the thickness is =800 ym, the average error is 28. 8%, with a large evaluation error and rapidly increases with the increase
of the oil film thickness. The analysis results of relative error and extinction coefficient are consistent with the experimental
results. The results show that the method can effectively evaluate the thickness of the thick oil film on the sea surface, and judge

the effectiveness of the evaluation results according to the measurement relative error and extinction coefficient.
Keywords Laser induced fluorescence; Fluorescence spectrum; Otsu; Oil film thickness
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