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Abstract: Ocean is an important part of the earth’s ecological environment. Exploration and exploitation
of marine resources may easily cause serious damage to ocean, such as large-scale oil spill, pollution and
red tide caused by oil and gas exploitation. Hyperspectral imaging technology can obtain both image
information and spectral information at the same time, and has important applications in marine in-situ
detection. In this paper, some recent works about hyperspectral imagers are reviewed, including a small-
scale hyperspectral imager combined with fluorescence technology for the classification of oil spills and

the estimation of oil film thickness, a multi-mode hyperspectral marine in-situ detection system (in three
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modes: common reflection or transmission imaging, telescopic imaging and microscopic imaging) for

hyperspectral detection of different algae and spores of some fish infectious disease carriers. Hyperspectral

technology combined with lidar technology has great potential in monitoring oil spill, red tide and other

marine pollutants. An inelastic hyperspectral Scheimpflug lidar system and a ligh-sheet Scheimpflug lidar

system are also reviewed. The former is for the type identification of oil spills through the fluorescence

spectrum of oil spills, and the latter is for the detection of the 3D shapes of some manikin, shells and

corals with the refraction correction at the air-water interface.
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Fig.3 (a) Hyperspectral images of shells, conches, etc; (b) hyperspectral images of starfish; (c) hyperspectral images of plastic and real

aquatic plants (after pseudo color processing); (d) reflectance spectra of plastic and real aquatic plants; (e) hyperspectral images

of various marine garbage; (f) reflectance spectra of various marine garbage; (g) hyperspectral images of water body and distant

scenery at a harbor; (h) reflectance spectrum of the water body at a harbor
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Fig.5 (a) Schematic of the fluorescent hyperspectral detection
system; (b) optical layout of the hyperspectral detection

system; (c) a photo of our hyperspectral detection system!"!
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Fig.6 Imaging (pseudo color) of the spatial distribution of crude oils in four mixed samples and the average spectra at different regions for

(a) a mixed sample of crude oil 1 and crude oil 2; (b) a mixed sample of crude oil 1 and crude oil 3; (c) a mixed sample of crude

oil 2 and crude oil 3; and (d) a mixed sample of crude oil 1, crude oil 2, and crude oil 3;

(e) distributions of

the thicknesses of

oil with average thicknesses of 100, 200, 300, 400 wm; (f) spectra for the oil films of different thicknesses; (g) fitting curve of the

thickness of the oil film and the fluorescence peak intensity!"!
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Fig.7 (a) Schematic diagram of multi-mode marine organisms in situ detection hyperspectral system; (b) reflectance spectra of five algae

that may cause disaster; (c) PC1 vs PC2 image after PCA processing of reflectance spectra of five algae; (d) PC1 vs PC4 image

after PCA processing of reflectance spectra of five algae

WHNE) PCL vs PCA 3 JF 4R A1 AA 6 0 19 il 3

SE A G TE R G AT LA R L, 2
L B AT LR o R B B O A G 3 B
B, AT LLIR B AR A B R A5 B RDE I (E B, W 8(a) .

" L

s—wa - A

(0)JIr 718 o AUf Bt B 119 53— fe ) L2425 P 35 e A BIL B 3
SEIM A, HEAT I B g I B o i B e R A, AT
PARE 51 22 08 SR U, A Ab 2 A 32355 o 1 8(c)
S AE Tkm RLE S B o6 KR, K 8(d)

AR 110k

4 - g | |3 |||”_
3— LE l i .
i d L3 l | 3 ' K ,*5
P 8 (a) “E 7 M oy Dl i AR L SR HLIAT 5 (b) “E 3 10 BRI s i R GE S IR 5 (o) 1 km DL b @ ST A9 B e D S TR 5 () &S
A ) kA 2 T i P

Fig.8 (a) Schematic diagram of our remote hyperspectral system; (b) physical diagram of our remote hyperspectral system; (c) remote

hyperspectral image of buildings over 1km; (d) estimated vegetation coverage map of the buildings
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Fig.9 (a) Hyperspectral images of a spore (cryptocaryon irritans
Brown) with a 40 x microscope objective (scale bar:
30 wm); (b) spectra at two positions inside the spore
and one position at its surroundings; (c) microscope
hyperspectral imaging system for detecting spores at

sea bottom through an image fiber
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Fig.10 (a) Optical layout of the Scheimpflug principle and hingerule; (b) relationship between the image sensor pixels and object distance;

(c) relationship between the range resolution and the measurement distance; (d) optical layout of the 2D Scheimpflug principle;

(e) relationship between the image and the real-world coordinate system when 6=90°
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Fig.12 (a) Schematic diagram of the inelastic hyperspectral Scheimpflug lidar system; the figure on the top left corner is the optical
layout of the system. L1 and L2 are collimated lenses, and OF is a long-pass optical filter. P1 and P2 are two symmetrical
wedge prisms, and G is a transmission grating; (b) oil pollution discrimination by an inelastic hyperspectral Scheimpflug
lidar system: Normalized spectra of seven kinds of oil samples; (c) classification results of seven kinds of oil samples!'");

(d) experimental prototype of our inelastic hyperspectral Scheimpflug lidar system; (e) samples of diphyidae and

hydromedusa; (f) hyperspectral for phytoplankton, diphyidae and hydromedusa
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Fig.13 (a) Light sheet-based Scheimpflug lidar system; (b) 3D reconstruction results of the manikin at 19.6 m (bl) and 5.6 m (b2);

(c) photos of a shell and a coral; (d) 3D reconstruction results of the shell and coral with ((d1), (d2)) and without

((d3), (d4)) refraction correction; (e) comparison of pictures of actual underwater environment observed by digital camera

and 3D reconstruction results!~!
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