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Snapshot Hyperspectral Analysis of Spilled Oil Thickness
Based on Wavelet Analysis
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Abstract Herein, the sea surface environment was simulated and a snapshot hyperspectral camera was used to
detect the reflection spectra of spilled oil films with different thicknesses at the sea surface. First, based on
hyperspectral images obtained using the snapshot hyperspectral camera. the reflection spectra of oil films were
obtained. Hereafter, the wavelet transform was used for analysis, and the Coif5 wavelet base was used as the
discrete wavelet transform to obtain the detail coefficient of the 9th layer reconstructed signal to determine the
difference in oil film thickness. The oil film thickness and detail coefficient exhibited a good linear relationship, thus
enabling accurate identification of the oil film thickness at different locations in a large-scale spilled oil accident. The
snapshot hyperspectral detection method used herein significantly improves the spilled oil analysis efficiency and
provides references for the rapid detection and real-time monitoring of spilled oil disasters.

Key words spectroscopy; snapshot hyperspectral camera; spilled oil detection; wavelet analysis; detail coefficient
OCIS codes 300.6550; 100.7410; 100.4145

[2]
o b
/
L ; . :2013 -
) ) Hyperion

: 2020-03-20; : 2020-04-10; : 2020-05-29

: (20190302083GX) | (COMS2019J04) |

(2016 YFB0500300, 2016 YFB0500301, 2016 YFB0500302, 2016 YFB0500303, 2016 YFB0500304, 2018 YFF01011003.

2019YFC1408300,2019YFC1408301) (41575023) (2020-X7Z-5)

* E-mail: xueqingsheng@ouc.edu.cn

1730001-1



;2012 [
’
;2019
[5]
~
3 o
’
’
’ °
“ 2]
- ’
’
’
’
’ ’
3 )
b
’
[6]
o b
’ ’
°
’
°
~ ~
’
[71,
’ H
’ ’
L8]
) °
’ ’ ’
°
~ ~
9]
°
[10]
’ ’
~ °
b
’
H
’
° ’

2.1

600~1000 nm

’

1
Fig. 1 Simulated marine environment and sea-surface

spilled oil with different thicknesses
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Fig. 2 Snapshot hyperspectral system. (a ) MOSAIC ’ °
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Table 1 Specification of snapshot hyperspectral imager .
Specification Value B
Detection band range /nm 600 to 1000 s
Spectral resolution /nm < 15 3(b) , ,
Pixel size /pm 5.5
Resolution 2048 X 1536 ' ° | ’
Focal length /mm 27.5 3o (D) ’
Frame rate /(frame » s ") 42 ’ ’
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Fig. 3 Hyperspectral image and reflectivity spectrum of each sample. (a ) Hyperspectral image from snapshot camera ;

(b) reflectivity spectra of oil film and seawater ; (¢) reflectivity spectra of crude oil film with different thicknesses of

Daqing Oilfield ; (d) reflectivity spectra of crude oil film with different thicknesses of Shengli Oilfield
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Fig. 4 Wavelet reconstructed reflectivity spectra of oil film with different thicknesses. (a ) Crude oil film of Daqing Oilfield ;
(b) crude oil film of Shengli Oilfield
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Fig. 5 Detail coefficient of high-frequency reconstructed signal of crude oil film of Daqging Oilfield in discrete wavelet
transform. (a ) Detail coefficient of the third layer high-frequency reconstructed signal ; (b)detail coefficient of the
fourth layer high-frequency reconstructed signal ; (¢ ) detail coefficient of the fifth layer high-frequency reconstructed
signal ; (d ) detail coefficient of the sixth layer high-frequency reconstructed signal ; (e ) detail coefficient of the
seventh layer high-frequency reconstructed signal; (f ) detail coefficient of the eighth layer high-frequency

reconstructed signal ; (g)detail coefficient of the ninth layer high-frequency reconstructed signal
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Fig. 6 Detail coefficient of the ninth layer high-frequency reconstructed signal of crude oil film of Shengli Oilfield in
discrete wavelet transform
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Fig. 7 Variation of the sum of detail coefficients of each channel of different crude oil films.

(a) Crude oil film of Daqing Oilfield ; (b ) crude oil film of Shengli Oilfield
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