1007-4619(2021)10-2067-09 National Remote Sensing Bulletin % & 52 3k

E T RANKRE KSR E LA R ER

Eiﬂfﬁl, ﬁél'%zl’ é]ﬁt 1,29 ﬁ%%gi%l’ %/J\il’zy i%\;urljl’ ﬁﬁﬁz\l

LU T RBARARAF b TR B FHOAR 528023, K3F 130000;
2. PERFEBE R FOLA RS BRSSP BRI B, K77 130000

OE: MRS E AR 0 B R EEAR S R BRI I A 22 TRl R 25 5 A RS R A ) A Bk AR IR
SR BB AL N A R T S A . X AT R IR UK PR RO R e bR, AR SCHR R 1 s S A e ik
T — AR ) 2 AR X T A A i o B I TR AL 2 K K B it S S A Al R A B A A R PG RE
SRBUCEL AR B TR B S ST B e b U, SRy [T DS e 5k M A A i S e br R A O T IR TEAS
SCR TR, FIHAEREAT RS AR5 035 B 20T B P AR RS e AR g, S bR RO R R
B REROCR I E = BT AR X R S e Aok B, S g R WE AR RAGE A BOH IR 2 6.5 26iEE By )5 ih
PEIAG A 165 ) e AT 25 680 55 S5 IR 75, 8 et 40 BT 1) 45 SR 3 B AR SCHRE 1 10 5 1k A2 et O ) 1 ) 4 B 253 PRl 34 g ik
PP R ERCR , TS BARXT RS ek AR T 2%, 9 T EAEHUAAT IR HEAT 2 1 fh i Sk oy FH P (L P S O e
KW ATRITURBHIE SR, B AR AR, EOFEIVCHED, 206, Ak

SIAKNK: ERW,RAF, A4, ZHR, 2/ME, &N, 5 2021 EF AT RFARKAE R SR E LB EHER . ERER,

25(10) : 2067-2075

Wang L L,Wu H Y, Bai Y,Meng X Q,He X J, Huang S and Yang S. 2021. Onboard relative radiation calibration
based on deployable solar diffuser. National Remote Sensing Bulletin, 25 (10) : 2067-2075 [DOI: 10.11834/jrs.

20210064]

. 2017, 2020). 1999 4F %4+ MODIS T Z224¢ ) 12t
1 _'flll = A

R R R B 18 S S AR S s R AR A S, A
D27 TURE 0] 3t LI A PR SRR R 2T R s 2 s vl e A B A B RE R, ol o AT
B, JHCv o 0 R 2 iR SR 5 5 0 T B

R [7) 4 B R 1 0 A TR HEA T 48 X A RE A (T
G, TEE R e R AN B2 A rh AT

fF %, 2018). 5 MODIS DA A | bR g2k,
MR FIATT AR ER (Z2/h3C, 2005). HITE 2011 4F & 5 B9 NPP T2 #4538 VIIRS 1% Jg& #% [A] 2K

FH T K PR Sz 5 5 i o e 10 O Xtk AT 2 B
JERR. 20184 KGR LS LA (GF-5) 54
SO = T A P = W N ER L 2 1
FIH 430 mmx430 mm 5 DU 245 K BH 18 2 569 i
Ty, 2t rma e, TEE b5 il
Tk A5 i v K 3l AL A 2 A R PR T8 S S AR e T
(Al 4, 20205 Wang %, 2019). 20194F %
ST AR — 56 RS B JL101C 263225 1 FI
Tl 2 00 W] R I OK BHE SRR, 18 R AR (4
[i] 2 Bk I B SR AE 420—2400 nm = T 95%, N LA

P 8 Al R F AR (SRR 4, 2015),
H T TR AR A is i . & 3 32 BN R 2 #l
P R by, LK TR Bz A7 19 8] D L 2R 1
ZAk, SRR B S A SRS D R S RE L PRt
7 S AT R O AR R AR I A AR A PR (O
ZI3E 5F, 2012, REET 4%, 2005).

B e b A b bR B i DR R SR
ORI DA v € N o | SR Y R €5 SR 1 W
B m i E AT . K R A SD
(Solar Diffuser) FI H BRE bR &% (8 SCHF 4%,

Yrim B 2020-03-27; FENZS: 2020-07-11

BEEWB . EFEE SR (45 : 2019YFE012700) ; 71 Ak B & B4 (4 5 : 20180201108GX)
F—EHEE N TR, 198944, L, TR WFFE 7 vy TR IR B AR A0 H . E-mail : wll920707 @sina.cn
BIEEE BT : A, 198344  BFFE 51 BIF5E U7 [l o TR @ B A 3 . E-mail : baiy776@163.com

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



2068 National Remote Sensing Bulletin

i# &R 2021, 25(10)

P ATHIR EA T AL R e An R i T ) A

B A EER T RS E bR, AL
# 0 B  (E DN (Digital Nmuber) 5 Hi 36 )z %
OB RRT R SC R, TR PSSO R B R A
AR PE AN 0P, FE A4 B e b B — 2
g (Rt 28, 2020) . FX 4R E bR B =
e AV 8 T B3l 4 D0 ST 22 ] o 1 25 S5 5 | A 1 R
G I % ) SR R AR A R A% e A A T R S
il SR T Ge it i B I VG e ik Fnyy A1 3 5
B, P SRR R AT I B IR B B B T T 2
(1] e 07 22 S5 15 | P P A v 1 5[] SR Ul 25 MR 7
EBAFEE —E MG, b, XTSI E)
RIVCFCLvL , IR AR A by 5 5T K B3 ) 17 43 A
MR —3, HIL T 2R R B BRI B I T B
M1 TR TC G H ) 25 5 5 R 19 JK B 5 143 A
—& (WA s, 2011), EEIEREARLE
A X LA SAR A5 s 3950 500k 25k VD
. =R EHAN SRS, SRR
SR O S R R R M B R R AR T A X O
83 e 137 PR T R O E AR R R, BT EE A Rt
Bf /N F R F S B o KDL EC Y, HE Tk
it FH () SR (4 34 5 37 5 ) A — 0 1) b ) SRR
fE, JCHLORIE SRS B 3 5] — 8ok, HAMIG
) B39 AE AL T 1 g B AT i i) 107 5+ R KA I 1 [1]
o I R BH 8 S 5 A AT AR AR A e b, T
B 5 A B stE, TR KB R, #
K45 T BEAMRE . Ft, B
FAEBIEFR, WARRM T 13 5] — B0k
TIE B4 35 T K BH 18 5z 555 A A R o) 8 B A EL A Ay
T AT ELRLR 34

TEABRI I EZEERTRIERT, I TH#HF
FE X AL MR I R W] R K H
18 S 5 AR AT R X A S A R 1 T 0, AR SO
WX RS E AR T A TEA R IR R, R T
X it B SRl 2o A R AT B AGR 1) AE R S B
e, v R T AEX SR bR T e SRR
Wy 355 — BCHE R IR AT, vk R R 8 s S A
— WA R, BRIBORN A K BHA S 5 2 B IR
B, B AR T I R A FH L RIS LA OE Dy
S AR R U 7, R R R X S IE R R e
FHT AR5 St 2 18 S S A R o) S5 2 s 52 38 4R
B 22 A R BOH TR E Y R G E %, AR

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

TR ST R R S bR
2 EPRIEEE

2.1 HEXTIESERR

LA SR H S ATy 1) 3 L A I 2R
WAL A 30 2o W AT O a1 AT HE R 1 SR U
PG B, T IREHR T N 22 57 5 805 IR 28 i
G B e A %% ) SR R AR A MR L S R
I B S VE RGBT L 5 S A X 4 B s X 3%
G ICHEAT R HE SE G T I — AL AL B, FE T L IR
A ISP B R R A S L
Wi 107 FY K (B DN 0] LR 7R R (Wang %6, 2018;
PestaZs, 2014)

DN = GL, + B (1)
Arf, L R BRI R iR, Bl T
T2 R K EEEM R, G XS 5 RECS 48
X B 25 R AR AN, L SR AR AR IE S
TR 5 B 4 . FE O R S R AR Y E AR AT AR
T m N A AR [ 48 5 BE R 15— 30, B Bot
S J5R EE Wi JO7 AR T A -4 TR Wi 3
DN = gDN, + B (2)

K, DN AAGRIT ) 76 6T 52 B L, 0 52 B K B i)
N, g AR TT ARG T 357 ) 1 AR X A S 4 R
B, X S o AR R T AR X B A R
B, WSO BRAG IT A A Y 25 5
2.2 FAIRFANXKPEE KGR

TR — 60 RIS R e e BT R I 2
R PHE S, A K BH A G626 4T 78 SR 3
br, B ERRBEE LS TR, RS e A i
TR BNy KIS —18 U R— 265

K1 RSOt R LR
Fig. 1  Onboard calibration instrument of JL-1 GP

http://www.cnki.net



TR A BT AT TP AR PHTE S AR i 22 B AR X AR ST E R 2069

ARG A T8 RS AR P BB il 25 4
WAL ZCIEAL b, @k 20 LEK S, A ATIF
S WA [ 7 . TE PEAT TR BUAR S E AR
PR A RS TENRIRE T i
SEARS R BRI —E A G AR, RS AT T8 St
Ml FL R B3k e AR LB, An e S ALK H
18 RS RS B AR S

R FH 8 S SR AR i) 2 3K S HE DHR . (Directional
Hemisphere Reflectance) U1 2 ffr7n, FEHESKIH
S5 % B 400—2400 nm, 18 S SR (14 75 ] 2 BR
SPRBTE0.95 UL b, JUHAERT WL Lok B, H
J5 T 2 BR S BF HE R T 0.99, Wl AR N R L E FRiE
SRS AR g B AR

(PR DE SR IE S
Fig. 2 DHF of solar diffuser

18 S ARAE R TIUA 10°—75° . 507 £ 0°—360°
HE WY BOULI 25 P T, 7R 900 nm &b X a] S5z S5
347 PR AL BRDF  (Bidirectional Reflectance Distribution
Function) W#1FiR,

&1 900 nm A3 (6 /2§35 75 5 £ (BRDF)
Table 1 Data of BRDF at 900 nm

e Jrti i)
120 180 240 300 360
10 0.345 0345 0345 0345 0346  0.345
15 0.343 0342 0342 0342 0342 0.342
20 0.339 0339 0.339 0338 0339 0.339
25 0.336 0337 0336 0336 0336 0.336
30 0.334 0333 0332 0332 0333  0.333
35 0.329 0329 0.328 0.328 0.329  0.330
40 0326 0326 0324 0324 0325 0325
45 0.321 0320 0.320 0.320 0320 0.321
50 0.316 0315 0313 0314 0315 0316
55 0.310  0.309 0.308 0.308 0309 0.310
60 0.303  0.302 0.300 0.301 0302  0.304
65 0295 0.293 0.292 0293  0.294  0.295
70 0.285 0.283 0.281 0.282  0.283  0.286
75 0272 0269 0.266 0.267 0270  0.272
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Fig. 3 Schematic diagram of onboard relative calibration image acquisition
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(e) Transform function of source histogram to target histogram
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Fig. 4  Schematic diagram of histogram matching
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Table 2 Multispectral spectrometer parameters
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Fig. 5 Calibration image of SD for panchromatic band
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(a) Original image (b) Linear fitting results (¢) The method of this paper
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Fig. 6 Comparison of relative radiometric correction for multispectral bands(RGB) of Australian mountain fires
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(a) Original image (b) Linear fitting results (¢) The method of this paper
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Fig. 7 Comparison of relative radiometric correction for panchromatic band of somalia
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Fig. 8 The PRNU curves of each band
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deployable solar diffuser
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Abstract: Optical satellite is an important means to obtain remote sensing data by earth observation, and radiation calibration is an
important guarantee for quantitative remote sensing. As the satellite sensor is subject to mechanical vibration and acceleration shock during
transportation and launch, also taking into account of the aging of optoelectronic devices during long-term on-orbit operation, the radiation
performance of the sensor is inevitably affected. As such, the on-orbit radiation calibration is needed to correct the sensor radiation
performance. On-orbit calibration is a very important on-orbit calibration method that uses on-satellite calibration devices to measure the
radiometric calibration data after the satellite launch. The on-satellite calibrators include calibration lamps, Solar Diffusers (SD) and lunar
calibrators, etc. The relative radiometric calibration is used to reduce or eliminate the image high frequency vertical fringe and stripe noise,
which are caused by the response difference between detection elements. This process is the premise and foundation of the quantitative
application of remote sensing image. In the background of the national major project of global cartography, in order to explore the
application potential of relative radiometric calibration for the deployable solar diffuse reflector similar to the Jilin-1 GP satellite, a relative
radiometric calibration method based on the solar diffuser is proposed in this paper, which is in order to solve the shortcomings of
conventional relative radiometric calibration methods. The method overcomes the dependence of relative radiometric calibration on the
accumulation and the uniform consistency of features in the data by imaging through the closing process of the solar diffuse reflector. The
solar diffuser is driven by the satellite mechanical structure to close up and adjusts the solar incident energy at the entrance pupil of sensor,
by this way acquiring the onboard calibration image. The calibration image covers the whole gray dynamic range of the sensor. Then, the
relative radiation calibration coefficients are solved by histogram matching algorithm. In order to verify the method proposed in this paper,
the calibration experiment is carried out with the sensor of multispectral spectrometer on JL-1 GP satellite. The correction effect of
calibration coefficients on original images are tested and the accuracy of relative radiation calibration is quantitatively analyzed by using
non-uniformity. The experimental results show that the calibration coefficients could effectively eliminate the vertical high-frequency fringe
and strip noise of the panchromatic and multispectral original image of the ground object. The results of quantitative analysis show that the
method proposed in this paper could achieve a good correction effect in the whole dynamic range of sensor’s grayscale, and the relative
radiometric calibration accuracy of each band is better than 2%, which fulfills the demand for high-quality remote sensing image
applications. On-orbit experiments fully demonstrate that the radiometric calibration method proposed in this paper can complete the
calibration task using one solar diffuse reflector closing action, and the proposed method could effectively overcome the dependence of
relative radiometric calibration on data accumulation and the uniform consistency of features in the data, which provides a reliable guarantee
for quantitative remote sensing applications during the satellite’s on-orbit operation.

Key words: deployable solar diffuser, onboard relative radiation calibration, histogram matching, multispectral spectrometer, JL-1 satellite
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