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Table 1 Parameters of GFDM satellite
. %?ﬂ R PRI 26 15
=5 643. 8 km
BT R 58 =15 km
A 1{h 0.45~0.9
£ ik Bl 0.45~0. 52
£t B2 0.52~0. 59
£t B3 0. 63~0. 69
W B/ pm £ it B4 0.77~0. 89
23 B5 0.40~0. 45
£tk B6 0.59~0. 625
Z ik BT 0. 705~0. 745
£ it BS 0.86~1.04
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B AR e R T L B R, 910 nm U BE AT T R
KEFEE R, 1 380 nm BT L F& =R,

B1 (a)&EHSHEIE; (b) SMAC!
Fig. 1 (a) High-resolution multimode imaging

satellite GFDM satellite; (b) SMAC!'"
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Table 2 The settings of SMAC
J& Pk 1
25 6] 43 HE R 6.7 km
W 1.48°
W 58 2 MEt
Pyl w
- 490", 550, 670, 8707, 910,
BB 1380, 16107, 2 250° nm
W B e 20, 20, 20, 40, 20, 40, 60, 80 nm
. 0°, 60°, 120° (490, 670, 870, 1 610 nm)
& = B
2R i R 12 0°, 60°, 120°, 145°(2 250 nm)
P %o i 4 B B

B2 SHZEIETMEYI SMAC BT i U
Fig. 2 The observation mode of the SMAC and the main CCD

camera onboard GFDM satellite



%5 3 4 TR, BT EEFL KIS L 0% T EB B IE T & 845

ST S B A i B T Y [ E i, SMAC SR 4 LR I
M5 3E007 ) SMAC &AMl T 29 R T BUR GBI, sA
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Fig. 3 Procedures for Syn-AC
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Table 3 Level-1 product of SMAC

J@ Ui B
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w75 1 %1
E2¥2 101 KAMEIG 2 31, 4 51
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ML K TR Ay . 7 7 f FAMMETT 2 51, H 4 5]
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P i) 32 131
fR¥EEE I, Q. UM P AAEE 8 5, 3 40 5
A fiv 388 18 % 5 o fpA~ @ 2 51, 36 51
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T T b T A% R 7 o) BB R BRI AR AR A . K
SCHUE OR 5 3 A B A D B 58 5, LA % J) TR 35 5t ot 4
HEAME IR RS m AR DEBIRE AR ARIEN £
BB SR 8 KA RAR I RN I R ), A5 B BRI T B S
1) b 3R BRI

T SEXT B Y AGGI AT R SR IE . s LR R G AR AL
oL (9 K B B Ak S RARUB TR ST 5 B vH8 5 ik n=t (1)

L) = Gain » DN (1) + Offset (13)

KA F, A NP B, Gain A Offset 43 51 4 5E b 4 AR
AR SR Y E b FR B0 O U5 v D R TR N PG

XF T A R R B G AR, AR A O AR A H
b JE R S B o0 0 T sk, R L % 0 4830 3 B 19 S i, A
ikt Ak 8 B 2 AT U X (1) R

LD = Ly + T, 2 Eet®

r(1—p"S)
KADH, Lo QO KABEI I, TC0,) Sy KAAE WM T7
o] R B A, E, (0 2 HTALE ORI EE, S AR
SApEERR R,

PR, b 3R B 2R 258 CRL 3 5 545 0T 19 8 23 o2 mik) AT LA K
(15) FR

QKD

L) — Ly (O

o = (15)
% + (L) — L, (A)S

T 5 S packgrouna PT LA 38 2 (16) 7515 5]
Phackgronmd = 23 20" (s P Weight(y, 7. 0,)  (16)

A, o (e PIEECr PLLEMBIEI S5, Weight
Cro e 0,0 J0 5B 1% TC 0 FAR (%0 005 59 5 kR 4 9 5
WA T 5 R AR A (B R R B I | AR %6 5 B
BRI 055 [ 8 DA B 75 5490 15 AR 170 10 I 5 592 1 5

RS ESul
TS+ SO SR I S 5 T 0 00 L 4 4 40 3 R
BEIE R g™ L 15 5 5 R 75 51900 F 40 TR 0 e S
oo =0 90" — Puckgrouma) an

3 KRy

3.1 EBRMRRESHE

T SMAC MR L KRISHE, LRERT mir2
BT EHMLZ 61 AR AT W 2P KR E IS, S35
D3, 3k R L AR SR A AR 3, AT A X3 A B IR T —
M 2GR, WBRSEILER 4, IR KR,
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Table 4 Parameters of the satellite images

b AR B E] (UTC) EERINEZ:E2 5 K PH K T0 £y p N XL KI5 £ S 7 A7 F
1123k 2020-8-27 3:45:21 109. 661°E, 40. 927°N 33.498° 153.723° 16.744° 277.272°
L 2020-9-3 3:17:18 113. 116°E, 34.558°N 31.508° 145. 467° 1.103° 58. 605°

N T IR R 2 KA IE R MR RE e 4 A AN T b
b T S O T 3R AT 50 E . b T O 5 T R T M O X
ASD, 142861 36 Bl A 400~1 600 nm, RAEMEFE A 1 nm,
D 525G, xR A HARESLRAE 3 3K, BT EAE N HAR
JEk . 4 A Sk A LR A AR 3 DL R S g 5 H A (AL
BT AR IE) R R L LSk R T E AR A A K R R
BRI SE F bR, L5 S bR BT 0 R € A
PRt SR T

B4 HARRXETEE
(a) s WKHARIERR 5 (b)« @RI E b
Fig. 4 Diagram of the study areas
(a): Radiometric calibration site in Baotou;

(b) : Radiometric calibration site in Songshan
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J L)da
A

1

LA F, A HIFEE, 1, =400 nm, A, =1 040 nm, L(A) HX}
g B BE G B s priera S H TSI 33 s puverase H T 2 HiL T
KRG,

B 5 B EDEiEmy S
Fig. 5 Spectral response function of GFDM satellite
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RAS ARy 5 5 G 0 A0 S B Ay A HORS B0 T4
CYNSRIPNEE RN A ESD I R I - Ki3 A UDN iolllo:OF
BE. e, e R A RSBl R Z 0. A b %
X [ 26 RS B RS BE EAT SR 0E A% SMAC S i 45 R 15 b It

S SBUEEAT X H . 3% 5 T oA B0 3% M 3 0 B DL
Xt AR, 45 R R B KRS80 AOD 1) #3225 43 5 A
1.82% 1 6.59% , CWV AYAHXT %22 40 5 K7 5. 80 % Al 3. 78 %,
F2KRISHEH T &5 28 DERARNE D RRIE.

RS RIPRSSUSHEH LB

Table S Comparison between the retrieved parameters and the data from the field-based sites

) - AOD CWV/(g+cm™2)
b 1 KR EZ¥ay
b HH HB i i 3 SMAC RE/% i3 SMAC RE/%
3% 2020/8/27 AERONET 109. 629°E, 40. 852°N 0.378 1 0. 385 1.82 1.921 4 1.81 5.80
= 2020/9/3 SONET 113. 114°E, 34.511°N 0.147 3 0. 157 6.59 1.621 3 1. 56 3.78
3.2 A& Kl 6 ARSKIERE L2 EEGEE (R, G, B4 3l xt
3.2.1 Ay XRAREWNEHBRRZE MPEEE 3. 20 DILGER RN L4553 . K 6 (a) F1 (b)) b A% 1E 7l

A A BH i S 4 W ORI S B0 S TR SR S
F Ll BE AR, (75 BRI 5 AR AR AR . DR R AR s R
Sy PERM . SRR LB R, R AU O 5 R Y T R A
BR300, T BT RS I BE A R 2 BR R SR AT R T, Bl
e EURF i . U AR IEAT AR T AN AR I S, R T B N
bb BE 245 A SR A0, ScE N Rl 2 KRR IE | R AR
WLBE R AT . IR F Robert S 23 Wi (CLAR) |, F
¥yt e B (CONT) A BB (ENTR) /E 9 PF 40 4% 1F 7 i B2
J L AR AR . CLAR FF VM B A% 35 W7 2 . I e [R5 40 5
MR, AT G S L S AT FRAET 2, b R AR . R R
R M RE R 1 . CONT S48 R 40 8 5 L Ath P 25 1) IR B3 %oF
OB . EROHE B, 6 bR . CONT 1T L =K (20) 3
H., ENTR HFEEBGER, SR8 E, RGP EaEm
fFEML, WA, TUHAKXCDITE ENTR, Hd PO
o G AN TR TR 2 5 2% A AE R

CLAR = D) D[ fG+ 1, j+1 — fG. DI+

LfG+1, ) — fG, j+DT) am

< _ max(, j) —min(, j)
CONT = max(z, j) + min(z, j) (20)

ENTR =— > P ()log[ P(1)] D

3.2.2 R¥ KRAKREF KGR IENE
[ 25 RS IE T 7 AT S5 3 R A T 194 31 I A48 3L 2800 1)
OE . 3L B E M Bir i RO, T IHg R R
AR IETT MR IEAE B, SO 45 A Hb i S22 51 3R, 0 [ 4
KAKIEJG ST B bR 0 F- 3 4 3R 2 GF 3647 43 7. LB, 3
BT R IE 5 T 34 Hb 3R R I 2 5 T SIS0 R S 2R A 2 1T Y )
% 2 (absolute error, AE) FlHH Xf % 22 (relative error, RE),
R Ik 22) fe2s)
AE = | BIEJF R4 — dh i SEE | (22)

_ | BRE R BUR AR — i S |
o TRT S 0

RE X 100% (23)

4 HIRETHE

4.1 BBERE

G, LI RIE B e 40 35 R I S, R B BR .
R RKEREFEWEGIE 6(OfMD], srlE £ 5, BE
R B B AR T

Boe IDIEEMBEEASKENMKREEMIENR
(a): £33k 2020-8-27 A% (b): w1l 2020-9-3 JRIEIE 5
(o) : A3k 2020-8-27 [l KA TR ER
(d): W1l 2020-9-3 [ 5 KUK IESE FR
Fig. 6 The visual effects of the true color images before

and after atmospheric correction
(a): Original image of Baotou on August 27, 20203
(b): Original image of Songshan on Sep. 3, 2020;
(c): Corrected image of Baotou on August 27, 2020;
(d): Corrected image of Songshan on Sep. 3, 2020

BE— 2, X IR 25 R IE TR B AR a3 A
BRI B b 2 L X LU BE RN AR 2O 25 RN 6 R . K 6
LA, & RLERAIKRIER, & BEA&K CLAR,
CONT Hl ENTR {6 #8 4 W @427},
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Table 6 The image quality indicators before and
after synchronous atmospheric correction
(253 w5
W B Ei=X i 2020-8-27 2020-9-3
e TE i K IE & R IE BB G
CLAR 30. 38 69. 14 54.07 166. 90
R CONT 82.56 165. 62 68.92 96. 01
ENTR 6. 54 7.25 6.11 6.47
CLAR 19. 40 58. 81 36. 21 144. 87
G CONT 53. 11 128. 62 49. 87 78.53
ENTR 5.91 6.92 5. 88 6.16
CLAR 16. 75 76.07 22. 80 163. 52
B CONT 47. 89 149. 51 37.12 65.48
ENTR 5. 98 6. 77 5.63 5. 89 E7 GLEHEMBATIRRESAXSKEGERRHE
Fig. 7 The surface reflectance of the artificial targets in the
4.2 KERBE corrected image of Baotou

XL ER T 2SR, R T B A, KA
B A N THAR AT A IERE BE A0 A, A&l 7, =i i
T 114 3T 359 b 32 2 S5 25 R S0 S SR e HL A . T LR
W ot A KRSRIER . =ANFSE AR 007 3 3 3% R R
5w SO E B A

HRE 2 (200 F 2 (21) 3R Hy = Ff 49 K S IE )5 b 3 s
RIS S A R 2 1A A A 3 25 R AR X R 2, WL T
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Table 7 Absolute and relative errors between measured reflectance and corrected

reflectance of the artificial targets in the corrected image of Baotou
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W B /nm Syn-AC FLAASH Syn-AC FLAASH Syn-AC FLAASH

AE RE/% AE RE/% AE RE/% AE RE/% AE RE/% AE RE/ %
485 0.024 8 6.17 0.017 3 4. 30 0.001 1 0.93 0.031 8 27.43 0. 006 2 10. 48 0.034 2 57.49
555 0.0315 7.12 0.025 2 5.70 0.006 8 4.67 0.0305 20.80  0.0133  19.58  0.0326  48.21
607.5 0.022 4 4. 89 0.026 1 5.69 0.003 3 2.08 0.029 1 18. 27 0. 006 6 9.18 0.030 7 42. 96
660 0.018 8 4. 06 0. 005 6 1.21 0.011 8 7.31 0.017 7 10. 96 0.017 1 23. 35 0.021 5 29. 33
725 0.011 3 2. 36 0.014 4 3. 00 0.016 9 10. 20 0.015 6 9.42 0.023 3 30. 86 0.025 6 33. 90
830 0.000 1 0. 02 0.008 8 1.82 0.016 7 9.75 0.0248  14.46  0.0207  28.64  0.0333  46.01
950 0.011 8 2.48 0.039 8 8. 37 0.017 1 9. 96 0.007 0 4. 06 0.024 7 37.19 0.023 4 35.23
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The surface reflectance of the artificial targets in the

corrected image of Songshan
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Table 8 Absolute and relative errors between measured reflectance and corrected reflectance

of the artificial targets in the corrected image of Songshan

=1l 2020-9-3

SE P LR
B/ nm Syn-AC FLAASH Syn-AC FLAASH
AE RE/ % AE RE/% AE RE/% AE RE/ %
485 0.007 7 1.79 0.0115 2. 65 0. 000 6 1. 39 0.010 5 26. 45
555 0.007 3 1.51 0.036 1 7.46 0.001 1 2.67 0.004 8 12.14
607.5 0. 007 2 1.43 0.045 0 8. 85 0. 000 8 1.93 0. 005 3 13.20
660 0. 000 9 0.18 0.073 7 14. 40 0. 002 2 5.59 0.002 1 5.22
725 0.001 5 0. 30 0.091 3 17. 69 0.014 4 35. 69 0. 006 4 15. 92
830 0. 005 8 1.14 0.056 0 11. 04 0.026 4 64.47 0.011 1 27.08
950 0.023 5 4. 93 0.088 9 18. 64 0.021 9 58.01 0.023 0 60. 92
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Correction Method of Multispectral Satellite Images Based on Spaceborne
Synchronous Atmospheric Parameters

XU Ling-ling" *, XIONG Wei*, YI Wei-ning®, QIU Zhen-wei*, LIU Xiao®*, CUI Wen-yu*"
1. University of Science and Technology of China, Hefei 230026, China
2. Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China

Abstract The atmospheric state varies significantly in terms of the temporal and spatial scales. The atmospheric correction of
remote sensing satellite images is limited because it is difficult to dynamically obtain atmospheric parameters matching with the
images to be corrected. As the civil optical remote sensing satellite with the highest spatial resolution in China, the Gao Fen Duo
Mo satellite is equipped with the first civilian Synchronization Monitoring Atmospheric Corrector (SMAC). The SMAC onboard
the GFDM satellite platform is capable of multispectral and polarization detection and can offer time-synchronized, and field-of-
view overlapped atmospheric measurements to obtain atmospheric parameters synchronized with the main sensor. This study
proposed a synchronous atmospheric correction method for high-spatial resolution image based on the atmospheric parameters
retrieved from SMAC. Firstly, based on the principle of time synchronization, the original data of SMAC was processed to form
the SMAC-Levell product, combining with the auxiliary data of the main camera. Then, according to the SMAC-Levell data,
the SMAC pixels covered with cloud were discriminated, and the aerosol and water vapor parameters of the pixels without cloud

coverage were retrieved to form the SMAC-L.2 product. Finally, based on the 6SV radiative transfer model, the atmospheric
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radiometric correction and proximity effect correction were carried out on the remote sensing image from the GFDM satellite
(Levell), and the surface reflectance product of the main camera (Level2) was obtained. In the experimental part, Syn-AC was
applied to the remote sensing image from the GFDM satellite, and the image quality before and after the atmospheric correction
was evaluated. Furthermore, the surface reflectance after the correction was compared with the ground-measured value to
discuss the accuracy of the synchronous atmospheric correction method. In addition, the classical correction method FILAASH,
was applied in the experiments to compare its performance with that of the Syn-AC method. The results show that the reflectance
obtained from the corrected image of Syn-AC is in good agreement with the ground-measured value, and the mean absolute error
is 0. 012 2 (the mean absolute error of FLAASH is 0.027 4). The atmospheric correction method based on synchronous
atmospheric parameters retrieved from SMAC has great potential in improving satellite image quality and remote sensing

quantitative applications.

Keywords Gao Fen Duo Mo (GFDM); Synchronization monitoring atmospheric corrector ( SMAC); Synchronization

atmospheric correction; Reflectance
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