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Abstract: Underwater spectral imaging technology plays an important role in underwater object
recognition and ocean ecological monitoring. An underwater spectral imaging system using liquid crystal
tunable filter (LCTF) was designed based on the actual engineering environment. The system obtained
spectral information by using LCTF as a filter structure. Under the illumination of a wide —spectrum
LED, a pool experiment was performed to obtain 31 channel spectral images of the target between 400
and 700 nm. The spectral information of objects with similar colors under water was discussed and
analyzed. The results show that the system is helpful for underwater target recognition and classification.
In—situ observation of corals in the sea trial successfully obtained underwater spectral images of coral
reefs. The system is expected to be applied to ocean remote sensing, ocean ecological environment
monitoring and other fields.
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Fig.1 Principle of underwater multispectral imager
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Fig.2 Prototype of underwater multispectral imager
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Fig.3 Spectral response characteristics

0203005-3



bk T2

%24

www.irla.cn

549 %

S e N AR P A AR O s bR R O I R A B T 5K

T Ot Rk AR LAE R AR A B B AR W — A A AR R
TR A4 BR 2 Bb A8 bR v 58 45 B T MK T % i A
BIL A BCH e o 8 AR LR 22 o /] 3 P i RAH X R 22 A8
I 5.71% , B AR ML 58 9% E 5 3 B B bR ) 55 5 A
)%\O

HeiE o HERbRE LT N . W E KT OETE L R
SR E L A  A R E ALK DL 2 nm K
M A=20 nm 40 E] A+20 nm, 371515 256 5 AR
TEW K A EH T BT . A M 400 nm L4 10 nm
R INE 700 nm, EE FRSRE KA RE
SVLH B XAy B RAE AT —4k, 5 R A 4 fr
7~ R AR I B Y 0 EE 3N T 0.8, IR R & ok
% R AT 10 nm,
1.0 TTTITTTT i
0.9 [ H!\ (e A
0.8 HHHHHLLLLL
2 o7}l w
06
0.5

044.‘ [ \‘
0.3 §

\ L1 |

| | Wi ‘

020 AL \‘M

o LAV
OK‘J‘L}J“\”", WVAVIVATATA

400 450 500 550 600 650 700

Wavelength/nm
P 4 ST I3 P AR E £

Fig.4 Spectral resolution calibration result
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Fig.5 Principle of pool experiment
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Fig.7 Color board and a part of pool experiment data

:_ \ / ~ —1 ()
AN

2t

0.1 ; ;
400 450 500

550 600 650 700

Wavelength/pm

1.0
0.9F
0.8F
0.7F
0.6
0.5H
0.4
03F
0.2r

Spectral response/arb.units

0.1 . . . . .
400 450 500 550 600 650 700

Wavelength/pm
P 8 (a) 3 A AUTE [R] — (o He A Ol 15 P 45 DL X Bz ) % € P 1

(c) 3 A mAE A [l 8 B (9 5637 11 45 LA B X 1 A9 2 (8 181 1R
(b) ((d) I —fb S5 1 R A 2300 3% Hh 28
Fig.8 (a) Spectral and color photos, points on the same color
piece; (c) Spectral and color photos, points on the
different color pieces; (b), (d) normalized spectral

response curves of points

Ot i i R R A 1] 8(d) R, TR Y 3 S LAY G i
ALEFNE,

B9 JE7R T AN [a] BE 25 5 X W] — 8 B i O i 1815
S aR . WEH AT LVE L AEAREE T, F—6
B w0 1% ith 28 R AL, AR BEAS [, P 22 1A YO

WA /NT 0.1,

-ﬁn-n

0.9} ~~ —
0.8F /\/

—4.1m

5.1m
0.7F
0.6+

0.5H
0.4
0.3
0.2F

Spectral rcsponsc/arb.units

0.1 . 1 . . .
400 450 500 550 600 650 700

Wavelength/pm
P9 A [l B B 1 't 15 P AR
Fig.9 Spectral images in different distances
# 1 MK 8 H 6 M RE sl Z AL A A R
B BE R WL X TR B B, KRGS R &

0203005-5



bk T2

% 2 M

www.irla.cn

549 %

L B A BRI X 7y e J7 o A AR X T S 0 R €4 A
B, BNER H A RBG3 Gl E 1 5 , K FOGig g A A
TSR X 4y fE ST o
1 ARHEFELZEHNRIER
Tab.1 Spectral angle between different

data points

RGB Underwater imager
012 0 0.008 5
013 0 0.006 2
Oy 0 0.007 2
05 0.100 1 0.162 7
016 0.2126 0.317 2
05 0.113 5 0.157 2

23 &/ K
T CAE TR T R RS Vi W A7 o SER A R

--
-‘

JK M S B IR A () A e B, X 0 9 T VS SR A I AL
WL

B 10 Jir s g 9 3 R KR O T IR AR B8R 4 3
9 8 - 102 BE B IR 06 3% 11 15, I ey B K
@ LED IR, 32 B9800k & 20O, i) 55 0 N Tk
BB 5 R TC PG o R I, 3] A R S AR TE A [
B BT MG R 22 S W1, 7R W U O E B AR
S AR HT TR S A A e T e B AR B O B W N 5 AE
% LED 5Ot g f 4k, B 490~700 nm 37 B,
s R AR CH 23 O 1 T A5 R B o R L S 0 O
P15 3 Bt B A (9 9 Ol D T A S, DT B e T 3 3
S 9 9 SR AN R BE A 53 A o BEAT IR0 A AN [ 8
Or e I e 5 FE AN [, 9 i i R LA s B ) )
fl FREAR ST X SRR T OG5 MR & S RE 9 1 5K
) I P 3R BT R AR AT H bR 4 896 5 R B AE K T Wik
3 T A 25 0 5 v A A Y P T o

P10 33 6 15 P 1%

Fig.10 Spectral images of coral
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