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Fig. 1 Cross-section of photon propagation in medium (a) and

microstructure of water-in-oil emulsion (b)
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Table 1 Absorption coefficient and scattering coefficient

of No. 1 water-in-oil emulsion

. 405 nm 500 nm
TVE TmmRE AR WHAK  BORK
/m! /m~! /m~! /m !

60 236 376.545 337 631.104 89 724.238 335 757.930
70 275 772.351 191 394.775 104 678.153 190 647.719
80 315 168.166 90 143.098 119 632.072 89 756. 905
90 354 564.054 26 900.331 134 586.024 26 819. 065

F2 2SHMEKIAUBEHRKRY., BH R
Table 2 Absorption coefficient and scattering coefficient

of No. 2 water-in-oil emulsion

405 nm 500 nm

ERIES " - - " "

Y T EE e HU 7 % T EE e HUH 7 %
/m ! /m~ ! /m ! /m !

60 12 066. 559 336 855.090 1 962.242 335 120.197
70 14 077.360 190 990.839 2 289.156 190 256.972
80 16 088.170 89 955.718 2 616.073 89 564. 045
90 18 099. 055 26 850.081 2 943.0239 26 760. 246
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Fig. 2 Relationship between fluorescence

quantum yield and oil content
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Fig. 4 Comparison of two emulsions with different oil contents

(a): Water-in-oil emulsion; (b): Oil-in-water emulsion;

(¢): Value of fprrorcosd;cosf; of each oil content at the acceptance angle of 45°
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Fig. 5 Comparison of experimental and simulation data
(a) : Fluorescence spectra under different oil content;

(b): Trend comparison
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Fig. 6 Comparison of simulation and experimental data

(a): frrpFcOsO,cost; at different acceptance angles;

(b) : Fluorescence spectra at different incident angles; (¢): Trend comparison
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(a): No. 1 oil product; (b): No. 2 oil product; (¢): frrrorcosf,cos; with different thicknesses at a acceptance angle of 45°
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BRRDF Simulation Research on Multiple Detection Parameters of
Water-in-Oil Emulsion of Oil Spill on the Sea Surface
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Abstract  Oil spill pollution on the sea surface is one of the most common pollutions, which usually exists on the sea surface in
different weathering states, such as oil film in the unemulsified stage, oil-in-water and water-in-oil in the emulsified stage.
Therefore, rapid and accurate monitoring of oil spill information on the sea surface, and identification, classification and
quantitative assessment of oil spill pollution at different stages are of great significance to the rapid control of marine pollution
and the restoration of the ecological environment. Laser induced fluorescence (LIF) is currently one of the most effective
technologies for remote sensing detection of the sea surfaces. The bidirectional reflectance and reradiation distribution function
(BRRDF) characterizes the fluorescence properties of the target by describing the fluorescence distribution of the stimulated
emission. At present, the fluorescence characteristics of water-in-oil emulsion in the emulsification stage have not been studied
except oil film in the unemulsified stage and oil-in-water in the emulsification stage based on LIF detection technology. Because of
this, the optical parameters of water-in-oil emulsion are obtained using the Mie scattering theory. The Monte Carlo photon
transmission model of water-in-oil emulsion is established to carry out BRRDF research. The variation of fprror cosd,cosf; (the
zenith angle of fluorescence emission is #,, and the zenith angle of laser incidence is 6 ) of water-in-o0il emulsion under the
parameters of oil content, incident-receiving angle, and thickness is discussed and analyzed. The experimental data of the
fluorescence spectrum are compared with the simulation. The results show that the value of fprrprcosd, cosf; decreases with the
increase of the oil content of the emulsion (the oil content of the surface emulsion of sea-water) and has a consistent trend with
the spectral data collected by the experiment, which provides the basis for inferring the oil content of water-in-oil emulsion based
on LIF technology. The value of fprrorcosd,cosd; first stabilizes with the increase of ¢ and decreases rapidly when ¢, >>65°, and
gradually decreases with the increase of 0,, which is consistent with the trend of spectral data collected by experiments. This
trend indicates that the incident angle of the laser should not exceed 65°, and the maximum optical signal can be received
perpendicular to the sea surface when LIF technology is used to detect the water-in-oil emulsion on the sea surface. The value of
fsrror c0s0, cosf; rises first and then becomes stable with the increase of emulsion thickness, which indicates that furrprcost, cos;
can be used to evaluate the minimum thickness of water-in-oil emulsion. The research content of this paper provides theoretical

and technical support for detecting oil spills on the sea surface based on LIF technology.

Keywords Laser induced fluorescence; Water-in-oil emulsion; Bidirectional reflectance and reradiation distribution function;

Monte Carlo
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