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Fig. 1  Synchronization observation diagram of the SMAC and

the high—resolution camera
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Fig. 2 Outline of the SMAC
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channels of SMAC
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Table 2 Polarimetry accuracy measurement results of

SMAC
RARIEAL EALER D A5G BZ7C
m-sat 0 Thn WE Pyt WEM
490-F 20.38 2049  0.11 2026 0.12
490-% 2038 20.19 0.9 2000 0.38
670-3F 20.00 19.99 001 1952  0.48
670-% 20.00 19.88  0.12 1944 0.6
870-% 1981 1970  0.11 1956 0.5
870-% 19.81 19.68 0.13 1952  0.29
1610-% 1937 1935  0.02 1943  0.06
1610-% 1937 1949 012 1957 020

2250-P1P2P34{A-F 19.16 1837  0.79 1830 0.86
2250-P1P2P3 414 -4 19.16 1845 0.71 1840 0.76
2250-P2P3P4#H4-F 19.16 1839 077 1836  0.80
2250-P2P3P4 41 & - 19.16 1850  0.66 1848  0.68
2250-P1P3P4 414 -F 19.16 1844  0.72 1844  0.72
2250-P1P3P44HA-4% 19.16 1859  0.57  18.60  0.56
2250-P1P2P4 414 -F 19.16 18.64  0.52  18.68  0.48
2250-P1P2P4 4 A -4 19.16 1839  0.77 1838  0.78
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Fig. 4  Verification of the AOD inversion accuracy of SMAC and CE318DP under different atmospheric condition
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(1) AymELA, BT &L (Dubovik
&5, 2011), HjIaEHYA] LIRR N
y=F(x,b)+ & (1)
Ao, o RRE R AR 5, bR
RS, y AR i, F AR AT A A,
e RBLIREI, ALHE I AR 1) 1R 2
(2) RIEHESL . X TRt R, fHifhm
PR (EACH PR T (2) FTAS AL (Hou %%, 20165 Li
4, 2018)
Jx) =3 Iy - FTS Ty - F)] @)
2o, S ORI R 22 B 5 2250 B, R BRI N
XM 2 SRS
x =[Vo,V5.Cl 3)
Xoh, oA B HRIABURIE V,, FARffc
Iy IR RS FRIALAS . € 4 BPDF B ) 2
B (Waquet 3, 2009). KL, 456 SR REAIY
HIEREQ.,, IFEIEHIEE (AOD) Al LLE
PLR AR5 (Hou %5, 2018; Xu %%, 2013;
Zheng %%, 2020) :
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10 A [ N K el T S e R Vo AU
SR

b = [l v i Vi my (A), mi(A), m; (A), mi (A) ] (5)
K, r REARCERE, v, WA, m Mm,
G300 R AT AR SR AR, BRI S S
% (Zheng%§, 2020). WL [ nf LLRIR A

y =[RS RS R R R T (6)
KA, AL Ay, Ay AL A A BIAR £ 490 nm,
670 nm, 870 nm, 1610 nm, 2250 nm {3 WL i
5. BT AL SO HESE, FRATE AL T AR
250 7 7 A S B A Ak At . AR
W eREL T (x) F5e/ N O BR 285 1) e ) S 800 B X
LR, RIEX (4), ATAERIAOD,

SMAC 7K ¥R i 5 T KRR DAL A 870 nm
1910 nm PIANIEIE , A FH 40 HLO0GHE T8 H (72 il
RO LT RAEAKEEGE (CWV) [,

KA S B S5 R 5 UE Jr vk ot R H
AERONET Hb 17 34 5 00 i 25048 55 SMAC 27 iz T 45
W2 8] Y F X K 5E B . AERONET 2 F NASA Fll
LOA-PHOTONS (CNRS) B4 #3709 1 BRI
& JECL I B (Holben %%, 1998; Dubovik %
2002), ZMGEMO LA T ek BT XER, W
BT AR SN BB IE

N 45 Y 2020-07-15—2020-08-19 H &5 £
TR A B I a3 1] SMA C #fir 1Y K S 500 T 4
S5 HITH AERONET I 5 A9 25 5 b o I 3atianti o 43
AR 3 firR

£3 SMAC XSS HREWRIEH &
Table 3 Verification stations for SMAC

S AR SR (CE,°N) iS4 PR ZA AR (CE,"N)
Tamanrasset_INM (5.53,22.79) Cascade_Airport (-116.017,44.495)
CEILAP-BA (~58.506,-34.555) CEILAP-BA (~58.506,-34.555)
USDA_ALARC (~111.973,33.077) Misamfu (31.224,-10.171)

MAXAR_FUTON
Univ_of_Nevada—Reno
Meridian_DEQ
USDA_ALARC
Madrid
Rome_La_Sapienza
Cabauw
CEILAP-BA
Kuwait_University
Kupang
Rome_La_Sapienza
Madrid

Kuwait_University

(-104.885,40.036)
(-119.814,39.541)
(-116.348,43.601)
(-111.973,33.077)
(-3.724,40.452)
(12.516,41.902)
(4.927,51.971)
(-58.506,-34.555)
(47.971,29.325)
(123.667,-10.139)
(12.516,41.902)
(3.724,40.452)
(47.971,29.325)

Magurele_Inoe
Lahore
Rome_La_Sapienza
Aras_de_los_Olmos
La_Paz
USDA_ALARC
Univ_of_Nevada—Reno
Valladolid
MAXAR_FUTON
Madrid
NEON_CVALLA

Misamfu

(26.031,44.348)
(74.264,31.48)
(12.516,41.902)
(-1.102,39.945)
(-68.066,-16.539)
(-111.973,33.077)
(-119.814,39.541)
(-4.706,41.664)
(-104.885,40.036)
(-3.724,40.452)
(-105.167,40.161)
(31.224,-10.171)
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Fig. 6 Verification results of SMAC inversion value and the measured value of the AERONET ground station
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Table 4 Atmospheric inversion accuracy testing sites of

SMAC
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Overall design and on—orbit verification of synchronization monitoring
atmosphere corrector on high—resolution multi-mode satellite (GFDM )
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Abstract: The high-resolution multi-mode satellite (GFDM) is equipped with China’s first civil-using Synchronization Monitoring
Atmosphere Corrector (SMAC). This satellite can acquire the atmospheric parameters of the same observation area of the high-resolution
camera and achieve accurate correction for the image taken by the high-resolution camera. This study discusses the overall design ideas of
synchronization atmospheric correction for high-resolution multi-mode satellites. The design schemes of time-space synchronization, multi-
spectrum, multi-polarization channel detection system, and the verification results on ground and on orbit are presented.

GFDM satellite has the capability of rapid attitude maneuvering. Thus, it can realize efficient and flexible observation of ground targets,
which greatly improves its imaging efficiency. However, this feature also brings new requirement for the assurance of the quality of the high-
resolution images obtained by the satellite. When the satellite takes photograph at a larger angle, the atmospheric transmission path of light
from ground observing target increases. This condition will cause greater impact on the image’s modulation transfer function and different
adjacent pixel effect compared with the situation of sub-satellite point viewing. GFDM satellite adopts a space-ground integrated
atmospheric synchronization correction solution to obtain remote sensing image data products with high radiation accuracy and high
commercial value. SMAC is equipped on GFDM to obtain atmospheric detecting data that strictly match the image obtained by the high-
resolution camera temporally and spatially. The spectrum band and polarization channel design and the key performance control measures of
SMAC during its manufacturing process fully consider the subsequent ground atmospheric retrieval requirements. The ground atmospheric
retrieval algorithm also considers the design properties of SMAC. Through this cooperation between the two important processes, more
accurate atmospheric parameters can be provided for the atmospheric correction of high-resolution images of GFDM. This study gives the
scheme design, main technical properties, and ground test results of SMAC. A radiation comparison between SMAC and ground-based solar/
sky radiometer was conducted on ground, and good experimental results were achieved.

GFDM satellite was launched to orbit on July 3, 2020. On the first day (the 6th orbit circle) after launch, an initial status check was
performed. On the second day, the SMAC started the atmosphere detection and the detected data were downloaded to ground. The ground
application system used these detection data to perform atmospheric parameter inversion and image atmospheric correction. The
atmospheric parameter inversion results and the effect of atmospheric correction of high-resolution images were examined. The comparison
between the measurement data from the global AERONET site shows that the inversion results of atmospheric aerosol optical thickness and
atmospheric water vapor content based on SMAC detection data are credible. Using the inverted atmospheric parameter, a good atmospheric
correction effect on high-resolution images can be achieved, detailed information of the satellite images is significantly restored, and the
ground object reflectance is effectively improved. These results all effectively support the subsequent quantification application of GFDM
high-resolution image data. The successful application of SMAC in-orbit also provides a reference for the subsequent satellites which need
to improve their quantitative application level.

Key words: remote sensing, atmosphere corrector, overall design, on-orbit verification, polarization, Aerosol Optical Depth (AOD),
Columnar Water Vapor (CWV)
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