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Research on spectral reflectance measurement based on LCTF imager
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Abstract: Spectral reflectance of targeted object is considered a vital inherent physical property in underwater
spectral detection. However, the underwater environment poses significant challenges in spectral detection
through strong absorption and scattering effects of light. To explore the influence of water turbidity on the
accuracy of spectral detection, this paper describes the spectral reflectance detection under varying turbidity.
Underwater spectral imaging system based on liquid crystal tunable filter (LCTF) is used for experimentation.
Results proved that the increase in turbidity will further enhance the scattering intensity of water body. Based on
the nonlinear increase in the pixel response of black and white board, the rapid upsurge in scattering intensity
between 400—-500 nm is noticed. Simultaneously, the spectral reconstruction method is applied, which yielded in
maximum absolute error of 5.3% for spectral reflectance under different turbidity conditions.

Key words: underwater spectral imaging; LCTF;  water turbidity;  spectral reflectance detection

Wrks B ER:2022-03-02;  1&1T HEB:2022-04-10
ESWH: WA =AU &I (2020C03012, 2021C03181)
EEBMN R, B, B, WA S0, 14, ERMEEK TOERERIR . KT EHRA Sy AT o

20220019-1



ISk A2

% 1049 www.irla.cn % 51 %
0 31 5 o L A5 S A Se B HE DI e SRR 0 K, T

20 2 80 AFAL, TEVE LI H- 4 il Ak 2 K1Y
LSRN, O AR EOR AR S 0 T B
L A TR AR, (H I T R R O = A
PRI, 23 S5 ARUR A T PR, WL B BR Tk
X AP, SR AR ECRIK XS ) 15 B, KT a2 g
ARG BIPE L R W T AR Bl S 1E-,
DL ROK AR BE | #R B | 4030 % N &R AR TE, e g not
BB A AK T BUG R R 2= e ik
[, % J KT SO = 4 AR FORP . KR
PR BRI OGIE R AR 45,

FH LK HOE = 45335 5K T ik UG H AR, K
TGS BSR4 A [ E B —4EGiEE B A
Tl 8 e A e 7 U B N IR O TS R AE {7 R AR B 9E
B, B A G a0 B R R 2 (] G B R
21 2w 2 4, K FOLIEE AR N TC RN, 78R
JIEER)ZE HbrE k5 s AR 7 T 90 BRI T,
TR SO H T 220 | W e Yy R P
JIE AR AR IR B R A U T U A LU VR R (i
£ N 1 DI e T R T

H AT, 230K TGS AL E W H T4 28K TR
W% 5. 2009 4F, PR FHE K% 5 Ecotone 23 H A &
B KR = G A, X R L iR A
B B UMRSEIEAT TOGIERIY; 2016 4F, WL K
RO T R TR OIS BUR &R S 1O R
A, i 31 AN AN )33 569 ik B i o i, AR UCRE g A
VI 2] GO b, SR RN BT g . % &R
it 7K 50 m P Ry He U, JF TR — 0
by DX TF R 3 B EE 1% 30T PR O 0 AR A 5 P 2018
AR, WL R 2 58 E Z W8 25 P 5 P 6 4R, JH R
T —FOKF 2638 BB AL, 2021 4F, v [ IR
B T —FAER KT mOGIE IR, R R
PEm, RIS, SEBL T R H An e it

T AR HE AR A% 0 22— J2 a0 o 52 B[] 9 Bt
MGIE 730, HE Y R S A L IR R
i DA SERESE o ARSI B AR TR, DG4
JE AT o R G T RO R A B G Rt fL
FEARVAIT A R M A4S . WA TR IO A (Liquid
Crystal Tunable Filter , LCTF) 1 A& Fag—Ff, vl i@

SHALIREEH, Tk T R A5, B T vl SE kL ma Ry i
JERH AL RRE . SCHREWI T R A R 2 IR
[ — 3K F T LCTF MK TG s A Atk 09, #§
FERTRAMA IR | ARG B S PR X T 2B (AR
T S5 SRR T 1 R P B R

T RS R R A R . RS IE M ik
o H AR RS G R GE SAT F O R R A
A RTHE . KT G BRI i i S R F O A
P 55— Rl IR R G0 BRI R Gl 7 4
TER, FRAF A SO 8 IR A B A, FEARE G E
4 B AR 57 5 115 25 ) 7 2 38 0 o i e R
PLZAE R B AR A7 1 RO 4 IR RE i, S &L
5% i B RE 5 AT R IR AE = 2 AR
G R R, RO R PR E # A R T
Bt AR 6 3 R 5 2R O A G R 0, S
PR T T LI vk 0 2R AR R S R R
HEA 7R B 5 ARRHES Y (B A6 ISR
b o 18 R I B AR RN AR ) 64T H bR 6 B R
5 M BOR AR UL SRAOR B bR 0 R 1R
Kt 8 i e A R H AR A U R

1 EF LCTF Y7k T Itisk B %1%

1 3T LCTF MK OGS BURAL, Z & &
4t LA LCTF VR ARG onlE, NGRS T F 2k
FH 8 55 Sk ALCTRHERMR G A 1B 0. MR T
U R UGS+ EMRAL AR, X A ARG AR
BLZE AR T BE 28, A9 i i TP IR B Sk R IR B 42
P 2 R A B Sk, T R A0 i R LGS 4 Sk R AT bR A
£ R M LCTF /R0 2 G880, Al 3d o B A5 5 4%
il LCTF (4335 5 ik 1, S nl W6 3 B N 2 O B
Tl R HRL2E 9 CCD AHBLAE Ry G AL B LR = K
T IRE R R WU

I G AR A 3 i A B 5 K AA, R T il R
B CHETA B CALHE A BT 53 3 A AR TN 25 R, U8R
TE KR S 0 I 2= R, T Rk
BAY, AR R GENK T A &6 BRI T OGS
&, HErWy & e S K Slhd 9 B8 25 Ui kA
PR 4T 5 i A IR Bk o AR OGS n &l 2 PR,
IKT i LA i T A5 R e R B RO AE B S

202200192



i E ok A2

% 104

www.irla.cn

Front-en

. cover
Incident

A USB module
Imaging lens  CCD camera

Rear-end cover

Micro-computer
After waterproof
encapsulation

l l
zo=1+=+=
ng n,

()

s o8 Sk 0 5 0l 2 B 38 P R T 2 TR A B B
1R G2 B 58 0 SRR E 5 1,8 E AR °F- 18 5 ' 27 3% 1 41
FE 2 10) ) B B35 G B3 (R 4T 5 3R (B8 SIF e
TIPS FRAUT LN 1.49); n, R KK BT 5 5 (G
4 1.33).

SESOK T BARY L5 — SUE - 1 L (%3 [l 7
B ARAR N P (x,,y,), AHLIGEE R Ry £, 125F 10 5 5530k
OHE B R Z, T2 s AR MR AL BRSO T 1 S
SLEABRIE AP (x,,y,), W

1 5T LCTF MK TGS BURIL X, = ~7 f fxw
Fig.1 LCTF-based underwater imaging spectrometer ! f
Yw =7 7 _ fy w (2)
e 23 ST 5 R AU T A R AU AR P AT f
Z = Z,
B TR BUAGBRL  1f E 2, TT SE SCA Z,~f
Light source
Optical glass Imaging lens CCD
= ' R, LCTF |
/'/-- 4 ;\‘-‘
— Bt
— " E
: = =
3
a
.............. e
. lW
2 !
Object plane Refracted virtual plane Water o T Image plane
2 T LCTF B7K TG MG AL IR G S S Al 9304 s 2 ]
Fig.2 Schematic diagram of the spectral reflectance measurement test device of the LCTF-based underwater image spectrometer
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