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CALIPSO (Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observation) & & 9 T 2006
44 H 28 H /& NASA Fil CNES 11 K FH#ILIE Hi Bk i
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Fig.1 FY-4A global surface coverage classification in typical month for seasons
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il A1 MODIS 2 2% 1 km 2 7 MOD35_L2 £ b ¥
W, 5 A SC ABCM 2 6 0 45 SR A8058 LB e . R
5 AL S RO = kil 25 2R © = RO oE B 3R
ABCM Z= Kl 5 45 50 I 45 o = iR ook 5 AB-
CM = Kl 3R Sy 2= AR JT B 1 L © = 1H
BRH L, ABCM 2 I ) 11y W 2 1 A 3 U5 10 12K
=G ocEE SR IR = AR o B B e E s O
i 23 PN E R R L ABCM. = 6 0 06 56 T 347 O G =
BoTE RS ABCM = g T 031 Oy W 25 1945 T 8 it
FUAE s @ B 25 3% H] %, ABCM. 2 A I 01K 2 T A
6 V5 A I 25 1) 1 O B8 i 5 R B U O G 2 AR e B
19 HAE s © SR 2= SO0 HE A %6 ABCM. = i 0 R
B PR g5 R AR ] R e i 5 2GR T EGE 1Y T
fH. LA FY-4A/AGRI K FH & B M2 6 KT 7578
JEU) S 43 R IR JE] L 4 KR 5 Folr b 3¢ 2 80 4 ) A 7
gt . F 5P EIZLRERX TEKL PO (Na-
tional Satellite Meteorological Center, NSMC) 7% 44
R4 FY-4A/AGRI =k 45 R X, 43¢ ABCM
PR BE = 0 =800 AT REMG 25 A NI =S

3.1 5 CALIOP 3% X I&iF

YEHL 2021 4 1,4,7.10 J1 /9 CALIOP i %k
WERE FE KERIEA H, 543 ABCM =&
0 45 SR A S8 B IE . e 1~ 3% 4 J& 2021 4F 1,4,
7,10 J FY-4A/AGRI =il 5 CALIOP H X} 92
BOAPAGZE S, R 1~F 4 /] .4 DB PR,
HIK i i A ) 2 R0 o R AE 93 %0 LA
b P AR B E R T 9220, 2 R B R A R A
F10% EE PR ARMTF 8%, BEH Ex s
PUNHER R LN 80%0 . iR A FLA Ry 202, HAZE
KT 20% . %t HREHARLE R . ABCM = Kl Jr i 78
AER AT WG B ) R B R AR BTN S
FIR RO BR AR T A HoAth 2= 50 e R T
90 % » HLFH K50 [0] 1) 25 50 o 1 556 B 2 L1 A
RIEAR B PR R A 2 /NF 1%, Bk L,
ABCM Z 46l 77 95 78 AN 7] 25 15 2= 38 590 o 1 252 24 K
F 902, B2 1 U R B i o TR R e
991, 8% HK R RKZE L 90. 994, & Z= AU AR X
B 5 AR MER A L W 2 0 A 1 e A
R, AR 8026 ~90 % , IR FI LY 2 15 %, 1iif HLAH
T b B A FERRCR 5 H A R A b s i I s
FIPRS R & 25, UL BRI ABCM = & I 5
X = HIPTE A R
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Table 1 Evaluated parameters of FY-4A/AGRI with reference of CALIOP in Jan 2021

N g e e 3 B I o —

wennwi gesa GBS SRR R W waeo
EPN 21572 92.8 3.1 87.5 25.5 91.7
Wit qL| 19024 93.4 9.6 86. 3 9.6 90. 4
EEPN 40596 93.0 5.8 86.7 15.8 91.1
EPN 18425 93.1 7.8 87.5 11.2 90.9
Hok 7 [a) 22101 93.5 5.2 82.9 20.8 91.1
BN 40526 93.3 6.2 85. 6 15.3 91.0
EPN 24158 93.3 8.7 85.5 11.4 90.5
[5f; 18] 24007 93.1 8.4 86.9 10.9 90. 6
SN 48165 93.2 8.5 86. 2 11.1 90.5
EBS 23880 93.2 8.9 82.8 13.5 89.6
i 1L qL| 19541 93.2 8.3 81.7 15.1 89.6
EEPN 43421 93.2 8.6 82.3 14.2 89.6
EPN 4037 80. 5 21.7 80. 6 17.4 80. 6
M 7 [a) 4498 81.1 22.4 81.5 15.5 81.3
2R 8535 80. 8 22.1 81.1 16.4 80.9
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Table 2 Evaluated parameters of FY-4A/AGRI with reference of CALIOP in Apr 2021

S RN — =P = PR i 23 LU A 25 1% B P
MERE R R, %T/J% ;euzﬁ/j/% Mo y Hio % ‘«ﬁ%%?;]
EBN 22136 93.6 3.9 89.1 17.1 92. 4
W & ] 25761 93.0 5.2 84. 2 20. 4 90. 9
LR 47897 93.3 4.6 86.5 18.8 91.6
EBN 20095 93.9 6.2 84. 4 15.4 91.2
H,k ! 19940 93.0 5.7 85. 4 17.4 90.9
PN 40035 93.5 5.9 84.9 16. 4 91.1
EPN 18896 93.5 6.0 87.0 14.1 91.5
[if; & 1a) 15410 93.2 7.8 87.8 10. 7 91.1
PN 34306 93.4 6.7 87.4 12.4 91.3
EPN 23317 93.1 9.2 82.8 13.2 89. 4
i 7 I 21424 93.2 8.6 83.6 13.3 89. 8
PN 44741 93.1 8.9 83.2 13.3 89. 6
EBN 4019 81.4 20.9 82.7 15.3 82.1
M | 4022 81.2 18.9 82.2 17.8 81.7
PN 8041 81.3 19.9 82.5 16.5 81.9
&3 2021 &£ 7 B FY-4A/AGRI 5 CALIOP Lt 3¢
Table 3 Evaluated parameters of FY-4A/AGRI with reference of CALIOP in Jul 2021
L] ] B 25 3 5 R 2 SR 24 LS
=N 25200 94.7 4.3 86.1 16.5 92.7
Gt 7 I 23527 95. 2 4.8 86. 3 13.5 92.9
PN 48727 95.0 4.6 86. 2 15.0 92.8
EPN 28502 94.9 4.6 86. 1 16.5 92.7
%k 7 1) 21297 94.3 4.8 84.0 18.7 91.9
EPN 49799 94. 6 4.7 85.2 16. 8 92. 4
EBN 19857 93.9 5.8 86.6 14.0 91.7
[k b, 7K ] 20576 93.5 4.4 90.0 14.3 92. 4
SN 40433 93.7 5.1 88.3 14.2 92.1
EBN 20837 93.2 6.4 87.0 13.8 91.1
ki 7 Il 21477 93.7 4.5 90. 4 13.1 92.7
LN 42314 93.5 5.5 88.7 13.4 91.9
EPN 4594 82.3 17.9 82.9 16.9 82.6
M 7RIl 4502 81. 4 20. 1 80. 9 17.6 81.1
ESPN 9096 81.8 19.0 81.9 17.2 81.9
x4 2021 £ 10 A FY-4A/AGRI 5 CALIOP Lt Xt
Table 4 Evaluated parameters of FY-4A/AGRI with reference of CALIOP in Oct 2021
\ . N ] ZR W25 4L 575 152 B Z R
MRS R RO rﬁlﬁ}a%ﬁj% ij%;lJ;;/J% N % A /% %u;éi;a;?%
=N 23669 94.0 5.5 87.2 13.7 92.0
Wi | 21668 93. 4 4.6 87.6 17. 4 91.8
PN 45337 93.7 5.1 87. 4 15.4 91.9
=N 22142 94. 1 6.5 85.9 13.0 91.5
ok K 1] 19195 94. 1 5.1 84.7 17.6 91.7
PN 41337 94. 1 5.8 85. 4 14.9 91.6
EBN 19861 93.5 5.7 86. 8 14.9 91.5
[t 1 B[R] 20131 93. 4 4.6 87.6 17.1 91.9
PN 39992 93.5 5.2 87.1 16.0 91.7
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B4
N . L =R =R i 25 PR 51 i 25 1% Bk s
K 3 o A0 , : ‘
LREM BRI BOTEOR ey s R/ Y MR/ B/ Y
EBS 21569 93.6 7.2 85.0 13.5 90. 8
iR T [8] 23935 92.7 10.5 85.1 10.5 89.5
N 45504 93.2 8.8 85.1 11.8 90. 1
EBS 4695 81.9 17.2 83.1 17.8 82.5
mE T [8] 4088 82.6 19.8 81.1 16.6 81.8
EEPN 8783 82.2 18.4 82.1 17.2 82.2

3.2 5 MODIS 3 X%iE

VEHL 2021 4E 10 H M1 2022 4E 1.4,7 A Y
MOD35_L2 ¥4 fE Wik 4 F B EZRIEA . 5
AL ABCM =25 R A7 58 ik, £ 5~ 8
B 2021 4F 10 H #2022 4F 1,4,7 4 FY-4A/AGRI
=K 5 MODIS %t S 80 45 58, 3 5~
2 8 I UL, AR RUF L A SO AR TR IR OK
= FIRAOR AT = R 0 R I A 880 LA . Bk
PR 2 PN HEI R I = T3k 97. 5%, R K &
P AE 2 B AT 5k 92, 0%, 2 1H B o A R I 7
860 LA 1o 4 AN I W 2 PR R R KT
3% RAK =R BNRFN R 56 ~10% . AT,
E F2s 1) = FIRACR 82 1 3 2 IR 5 M % 2

8500, mHIRAIF R 106 ~200 . M H BRI
F o R B IA) Y SA 2 RU E f R 00 i AE 84056
8200 LA b ] — 3t 3% 2 7Y 114 2 R ) oA Ay 56 A 5 R 8
FEAR—F R EAROONETE 4 D FAT =R
HERf R 7E 86 00 LI b B R U RO b =il
HERG A H) 9020, BR AR b, oAt 3 R K R i = i)
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Table 5 Evaluated parameters of FY-4A/AGRI with reference of MODIS in Oct 2021

. o S =P = U I 25 P I 23 5% BRI
waen nwn s GBS0 SRR BT e ‘«ﬁ%%?;]
SN 144057 97.5 1.8 84.1 20.1 96. 1
Wi 7 ] 97999 96. 8 1.7 82. 4 28.5 95.6
ESPN 242056 97.2 1.8 83. 4 23.9 95.9
EPN 16167 91.5 5.5 88.9 16. 8 90.6
ok R ] 10584 86.3 5.6 89.0 24.9 87.2
&R 26751 88.9 5.5 88.9 20. 2 89.3
EPN 220165 88.7 5.6 83.8 29. 1 87.5
[i 7 Il 149421 85.0 8. 4 81. 2. 30.7 83.9
PN 369586 87.3 6.7 82.6 29. 8 86.1
EPS 11598 88.2 8.8 82.3 22.9 86. 2
e 7 Il 8604 90. 6 9.1 70. 6 30. 1 85.9
ESN 20202 89.3 9.0 78.2 25. 4 86. 1
EPS 157873 87.1 9.8 80. 4 24.9 84.9
M ] 139159 83.3 6.6 82.3 37.7 83.1
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Table 6 Evaluated parameters of FY-4A/AGRI with reference of MODIS in Jan 2022
. o S = Ul = U 5 Iiff 23 L3 1 25 15 SRz
marw nwen osa 280 fuzjj/ﬁ Batis WA zﬁ%%??
EPN 503820 90. 8 0.8 89.7 57.4 90. 8
Wi 7 ] 333403 88.0 1.6 87.1 55.5 87.9
ESPN 837223 89.7 1.1 88.5 56.5 89.6
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Table 7 Evaluated parameters of FY-4A/AGRI with reference of MODIS in Apr 2022
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Table 8 Evaluated parameters of FY-4A/AGRI with reference of MODIS in Jul 2022
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O 81824 90. 8 11.4 79. 4 16.9 86.7
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Fig. 3 Cloud detection results and cloud images at 1000 UTC 15 Sep 2022
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FY-4A/AGRI Cloud Detection Method Based on Naive Bayesian Algorithm

Guo Xuexing Qu Jianhua Ye Lingmeng Han Min Shi Mojie

(Beijing Huayun Shinetek Science and Technology Co. , Ltd. , Beijing 100081)
Abstract

Optical remote sensing cloud detection is the foundation for subsequent quantitative remote sensing
and applications. A cloud detection method based on naive Bayesian algorithm is studied and applied to the
advanced geostationary orbital radioimager (AGRI) on Fengyun-4A satellite. Cloud detection method con-
sidering radiation physics of visible light channels is discontinuous between day and night. To avoid the di-
rect impact of solar radiation, the spectral data of 7 infrared channels loaded by AGRI are analyzed to con-
struct 10 cloud detection feature classifiers. Using cloud polarized lidar with orthogonal polarization
(CALIOP) data as the true value of cloud detection, and using its spatiotemporal matching data with
AGRI, classification training and validation are conducted for datasets of different surface types and differ-
ent seasons. The cloud detection results and CALIOP data cross-verification show that the cloud recogni-
tion accuracy over snow is about 81% , the cloud recognition accuracy rate over the deep sea, shallow wa-
ter, land and desert is higher than 92%, the false positive rate is basically less than 10% , and the overall
cloud recognition accuracy reaches 90%. Compared with MODIS level 2 cloud detection products in Octo-
ber of 2021 and January, April and July of 2022, the recognition accuracy rate of deep-sea and shallow wa-
ter clouds is above 88%, and the false positive rate is lower than 3% and 10% , respectively. The overall
cloud recognition accuracy rate in four seasons is more than 86 %, of which the summer cloud recognition
effect is the best, and the overall cloud recognition accuracy rate is as high as 90%. The recognition effects
of the method are good during both day and night, ensuring not only the accuracy of day and night cloud
detection, but also the continuity of cloud detection in the morning and evening transition zone. Due to the
use of dynamic surface type files and sufficient training sample sizes for deep and shallow waters, the over-
all cloud recognition accuracy of the method is relatively ideal in four seasons, with the best performance in
summer and autumn. The cloud recognition accuracy of deep and shallow water is generally high, but
there are still omissions and misjudgments. The method can output classification results of cloud including
probable cloud, probable clear sky, and clear sky, and it also outputs the uncertainty probability value of
each feature and a comprehensive feature cloud detection classifier, which can provide important reference

for cloud and surface related detection products.

Key words: FY-4A/AGRI; naive Bayesian algorithm; cloud detection



