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Cui 55, 2013), {HAHXT I 2% 1 J Ak 3470 7 %o 128 Jk
S ST 2 25 R A A R BOR N B T (Lee 55,
2013) o K256 $4 5 SBA  (Skylight-blocked
approach) & — T 24 1) 30 3 7K A S 1% I 4t 5 1
(Lee 5%, 2013). SBA il id %4 — L E
' R B Y T A G AR I R R A A
S ARRSE K, SRR AT LLSCEE L, ) LD
s, NI/ T 5 A 3 R Al R AN 5[]
f, SBA H G MR IRMIE, 2B mE /N
Pedse (HALTF 45, 2020). K 1R T RaOGHRY
VWL 7 22 (03 78, BEOG R R IE R IET (Lee
4, 2010; Ahn %, 1999) F|ERIE %11 (Tanaka
&, 2006) 2| HABTRHEIE RO, BEORIE T 4R 5
JEGCR A Z Y, )OSR MAR, sl T
E B, Lee % (2013) 3T Satlantic Hy-
perPro [l & 4t Bl 22 HE W 1 O 55 15 31 1Y SBA WA &
SRR A A v S &2 R R TTE 7 NS 71| K IVAS RRE N
ANFE, R BHR TR AAET , Hs BEkTE
XK P 25 5 32 BINIFAR B2 M (Lee 55, 2019;
Shang 5%, 2017; BAB#EE %, 2016).

AR, R A OGS 1k 0 B i A 31 7 125 AU
DUHEIE AT 76 35 o B ab B = B4 v [ B A
1IE 5, Shang % (2017) FlYu %5 (2021) £l
TEPXTSBA W A PSR IERLAL . BRIBAESE (2016)
M Lin 5 (2020) R LE M, a8 5
IS IRR R A5 T PPAG T A B SR IR AR 1Y) A A5
ML HLIE ST 5 Lee % (2019) MHLIS L 24
Wit MR TR RS br . RS RCE . D o
WSERTY, DLROIN J5 Bt B s 45 . A B AL
EAEJTHH#ET T RS0 B45 5 Ruddick % (2019)
T T R P A B R R . B
PEM 7T ; Wei %5 (2021) 5t SBA 76 A [ 7K AR SE A
P W AN 2 PRI TAS EEPEY AR . LRt
I R R ZE I PEE RIS . B . BdE A PR A
TARLF 0y gl HEsh T SBA R A& e .

R RS, 5 IR 28 e 1 12 i) 39037 WL ) 5 4 2
L) N HFRAKIE (Wang %, 20205 WeisE,
2018) . /K EZE i (Jiang55, 2021; Pahlevan
A5, 20205 Weid5, 2019) ., 7K 35 i 5 i 1 R Ak
B (Zoffoli %, 2017; Wei%F, 2015) . s H 5L
PR B (Pahlevan 5%, 2017; Pahlevan %%, 2016)
GO, BIR RGN H— 5 R T SBA FEK £
IR B TR, 51— T AR R R AE
LR BT

PR T, RGHE T R R IR Rk
AT RS RN, WE TR Mh e, BEA AEE
LI 7 7 R AR AR PR AR T2 s e, 1 (d) o
HT I, Tian % (2020) #4177 RAE WK
I, JeSa BT A ROAS A T ORI
24, iR EFAOGIF R FOBY  (the Floating
Optical Buoy) o ZWFFEFEANZ T s RGN
TR R B AARBI S B, IFAEZRIL O . UL T
M . HE AR OGS IR AR AT R A —
FERAE, ANEIE FEARAE R IR T R 55 T
ATRE S AR R A Y, SR AR 2% s s/ B b
LI A0 S A s, IR A R R, A
TR E AR R A B I | RO R R
SETAE, DA 52 i B0 B 0% O B kG

IR AS BF 9 6 T SBA BF & 17 — 3 6 485 Ji 128 o
G242 bR FOBY-P (the Portable Floating Optical
Buoy) , JF7E H R 3T I FF R 3037 UL S 56, PPN
AR A IISE . AR A . 00 o o 5 5 T Y
T,

2 (HEEERUE T RO G IR R T &

fEHE R 2O (FOBY=-P) SR XGH
W, AR BRI AR FOBY (Tian %, 2020) ik
fifetl, BIFE I/ NEL, N T VR E B R R
Wi, FOBY-P YL T an &l 2 iR, PR =
JERAE R S 3, AR K 65.2 em, EAR/DNT
1 em, CHEACRUGLRTER SRR, IR IR
FRGEAE K TE I V7, T EE AT AR 45 20
G R A KRB T TR Y . AR
FE GG I S A e | B R AR A e R I e AR e i A7
TN IR LT T e ML, AR AR/ T
R Bl R AR B I AR S, T LA 5%
BUOCTE UL B A2 G AR, G RER 0.1°, DY
AUE AR TE PR BT AT 22 L (Tian 55, 2020) HAY
SHNH.

AR RAE LTI (1) BN TR
AW AP . AT REOE IR, SRR EBUN,
=m0 AR, JEE, @it A BEAIE
B AT DLk — 2508/ B BTS2 R s s (2) FERR
GO AR T R AR I 2 . = A
TE B SRR, B/ T IR 5 1S A I A L
ff; BCEE B AT, AT DLAR IR G B A A K
TRBE— 350, 0 AN [R) 00 3 A7 000 1 =2 1) 7 AS
EE; (3) sk MBS A, e EHL



HIALST 45 RGP R OGN B AT SO An i & 5 0 213

RN, B, NS EE g,
5 390 37 00 B fn g A1), 1—2 A RP AT A FOBY-P
SEMILII 5 Z BT E BN T ARG E:,

IRk

(a) Ahn %5 (1999) B MR
(a) The schematic of Ahn, et al. (1999)

ARk
%%ﬁ%$:§§

BKEESEL,
(¢) Lee%:(2013)SBA A
(¢) SBA of Lee, et al. (2013)
(CRENPSAS i s =17y ST G
Fig. 1 The schematic and it’s development of the skylight-blocked approach (SBA)
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Fig. 2 The configuration and filed photo of the Portable Floating Optical Buoy (FOBY-P)
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Fig. 3 The R spectra obtained by FOBY~P in the offshore sea of China in 2018

meE RO IFEAR (FOBY) B RIE AR S 3
[ESiR S S UM VAR A I (P U EP |
BMREAMET, URaTaeS ™ AR, 1M FOBY-P
D SR R T U AT R bk T VR AR B B
SR o N T EPEAR IR AOR R IR H 5 52
B SE , AR SR RIS B 7 (Gordon
4519755 FEZER, 1999), BHLEFEROGAF R
FOBY (Tian%:, 2020) 5 FOBY-P IR,
B S B0 BT . KHRTAMA 0,=45°, Kkt
LREVE S B 0 4 R a W BE Chl-a=5 mg/m’,
BT BRI B SPM=3 o/m’, A 0] IEEA ALY
1E 440 nm &b I 28 ag(440)=03 m™, #EIGE
JICIH B4R R=4 cm, 15 2RI A 22 B B 52 52 0 1)
T SR R R 82 [ B R 25 5 R T

TSR R K RO T, IR A AR
2z WE 4R, BT FOBY [BIE #4543k
B H IR, FOBY ELIEK1S M R M T FOBY-P ¢
. FOBY 7£ 400—700 nm &b (1) [ B 5%1% 25 75 8%—
10% JuE N, FOBY-P7EAH [l Ay FEl R 25 75 2%—
5% JEFEIP . 700 nm J5,  H IR RS SR AE R
TE AR 2ZE BB R Xt — e AR R
TEZAPUSEAE T, X FEDE A FOBY, =
YIRS FOBY-P A B H/N, A HEERH

T B P K R A SR B R . AR
TAG SRR D B —E iR 2E, HARNIE
EFTE B PRAGTE

40
135
0.015
130
ﬁ 125 ¢
¥ 0.010 W
R 120 &
% r
al
b 115 E
0.005 110
15
0 1 1 1 1 1 1 1 0
400 450 500 550 600 650 700 750 800
P HK/mm
pr— RFSOBY-P — RstBY Riémulatod

----- REOBYVPARSH2E -~~~ RECPY AN i 22
K4 SRR BHUFOBY 5 FOBY-P [ [R50 T i i Jk
SR T AR i 2 (0,=45°, Chl-a=5 mg/m®, SPM=3 g/m",
ag(440)=0.3 m™', R=4 cm)
Fig. 4 Comparison of self-shading effect on FOBY and
FOBY-P by Monte Carlo simulation. (§,=45°, Chl-a=
5 mg/m3, SPM=3 g/ms, ag(440)=0.3 m”', R=4 cm)

H T — M FOBY-P AR ZS ALKk [ B R
SR, BE ST BB 3 AR O L 2% S RLDETE 2



216 National Remote Sensing Bulletin i & 54k 2022, 26(1)
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Fig. 5 Comparison of self-shading effect on FOBY-P in
different water types
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Table 1 The statistics of buoy tilts in different sea states
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Development and application of a portable floating optical buoy based on
the skylight—blocked approach
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Abstract: Water-leaving radiance (L,,) or remote sensing reflectance (R,,) is a fundamental parameter of water color remote sensing. It has

been a long-standing and challenging goal to precisely measure L. Skylight-Blocked Approach (SBA), a novel approach for in-situ water
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spectrum measurement, can observe L, directly screening the impact of the skylight in above-water method. It is not necessary to fulfill
complicated post-processing to derive L, by using SBA, which makes it has great potential to be used in different types of water body.
However, there is not an automatic portable instrument to obtain water spectrum through SBA until now. In this study, a portable floating
optical buoy (FOBY-P) is developed and tested. FOBY-P has its advantages with a smaller self-shading and an easier deployment compared
with previous versions of FOBY with a circular floating body. The in-sifu measurements in the coast of China through FOBY-P were carried
out from October to November 2018 to test the buoy system. The results showed that 1) The self-shading effect of the floating body on the
L, observation under a large solar zenith angle can be effectively avoided by the tripod design of FOBY-P. The errors caused by the self-
shading were less than 5% for the R, of 400—700 nm when it was used in turbid water. And the self-shading effect was only 1%—3% used
in clear water; 2) FOBY-P can keep the sensor stable in the different sea state levels. Its effective observation ratio (the tilt angle less than 5°)
is over 98% in the 1st sea state. The sensor tilt angle would be greater and greater when the sea state becomes worse. However, the ratio can
still reach approximately 50% for the 3rd and 4th sea state; 3) The derived results of FOBY-P are in good agreement with those of TriOS
RAMSES sensors. The correlation coefficient » between the R, of FOBY-P and that of TriOS RAMSES is larger than 0.9, and the R,
difference of them is less than 5% for 490—565 nm. The difference may be caused by the different processing procedures of the two
systems with different approaches. The water-air interface correction processing may be one of the factors to cause the uncertainty of TriOS
RAMSES observations with above-water method. The result shows that FOBY-P has some advantages in platform stability, ease of use, and
measurement accuracy as an automatic water spectrum acquisition instrument based on SBA. In general, FOBY-P can satisfy the
requirements of in-situ measurement of R, in optically complex coastal waters, even during moderate sea state to provide high-quality data.
Furthermore, it is only the first version of FOBY-P and further optimization in the design and data processing would improve the
performance of the instrument.

Key words: water color remote sensing, water spectrum, insitu measurement, the skylight-blocked approach, the Portable Floating Optical

Buoy (FOBY-P)
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