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Abstract Medium-resolution spectral imager (MERSI) obtains global image and radiation data from the second
generation polar-orbiting meteorological satellite, FY-3A, launched by China. However, the on-orbit gain levels of
imager in shortwave infrared bands occasionally jump due to the unpredictability of space environment and other
factors. Such phenomena limit the quantitative application of the data. The space view is selected to identify gain
jumps based on the analysis of MERSI observation targets, such as space view, visible onboard calibrator, and
blackbody. Automatic identification, gain classification, and level normalization are proposed as methods. The daily
identification and intraday precision detection methods are combined to obtain the time and space of gain jumps, and
the classified statistical method contraposing the data of gain jumps is used to obtain the on-orbit gain levels. In
addition, the onboard calibration source targets and Earth view images are used to verily the normalized effect. The
91 gain jumps of 1.64 pm and 18 gain jumps of 2.13 pum are accurately positioned during the lifetime. In addition,

the eight on-orbit gain levels and the levels of all gain jumps are obtained. The results revealed that the normalized
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effect is ideal. Further, the most gain jumps occur during the Earth view scanning process and the gain jump time

varied between the detectors. Because of the complexity of the Earth view targets, it is difficult to realize the

normalization of the image of the jumping frame based on the physical methods. These results contribute to the

improvement of FY-3A MERSI image quality and play an important role in reprocessing historical data.

Key words imaging systems; shortwave infrared bands; gain jump; automatic identification; gain classification;

normalization
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Table 1 Threshold value and basis of automatic identification and gain classification
Threshold value 0, o 0 o a
Value 0.06 0.09 1.5 0.03 0.002
5 basis The minimum variation of eight preset gain levels (1, 1.1, 1.2, 1.3, 1.43, 1.57, 1.7, and 1.87) is

0.076 and the maximum is 0.87.

The average variation of non-polluted SV values of 2.13 pm is 0.002 from

October 1, 2010 to December 31, 2010.
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Table 2 Detailed information of all gain jumps at 1.64 pm

Theoretical level Actual level

Theoretical level Actual level

Date Before After Before After Date Before After Before After
jump jump jump jump jump jump jump jump
2009-03-02 1.0 1.1 1.00 1.09 2013-07-23 1.57 1.87 1.51 1.78
2009-03-13 1.1 1.3 1.09 1.28 2013-07-29 1.87 1.43 1.78 1.39
2009-05-29 1.3 1.87 1.28 1.78 2013-08-01 1.43 1.57 1.39 1.51
2009-07-14 1.87 1.43 1.78 1.39 2013-08-02 1.57 1.87 1.51 1.78
2009-08-17 1.43 1.57 1.39 1.51 2013-10-14 1.87 1.0 1.78 1.00
2009-08-25 1.57 1.7 1.51 1.64 2014-02-24 1.0 1.1 1.00 1.09
2009-08-26 1.7 1.87 1.64 1.78 2014-02-24 1.1 1.2 1.09 1.19
2009-08-29 1.87 1.0 1.78 1.00 2014-02-25 1.2 1.3 1.19 1.28
2009-09-06 1.0 1.1 1.00 1.09 2014-02-28 1.3 1.87 1.28 1.78
2009-10-04 1.1 1.3 1.09 1.28 2014-02-28 1.87 1.0 1.78 1.00
2009-10-09 1.3 1.43 1.28 1.39 2014-04-26 1.0 1.1 1.00 1.09
2009-10-14 1.43 1.57 1.39 1.51 2014-04-27 1.1 1.2 1.09 1.19
2009-10-30 1.57 1.7 1.51 1.64 2014-05-16 1.2 1.3 1.19 1.28
2009-11-18 1.7 1.0 1.64 1.00 2014-05-21 1.3 1.43 1.28 1.39
2010-03-06 1.0 1.1 1.00 1.09 2014-05-23 1.43 1.57 1.39 1.51
2010-03-12 1.1 1.2 1.09 1.19 2014-05-23 1.57 1.87 1.51 1.78
2010-03-29 1.2 1.3 1.19 1.28 2014-05-25 1.87 1.43 1.78 1.39
2010-06-10 1.3 1.87 1.28 1.78 2014-05-26 1.43 1.57 1.39 1.51
2010-08-24 1.87 1.0 1.78 1.00 2014-05-27 1.57 1.7 1.51 1.64
2010-09-13 1.0 1.1 1.00 1.09 2014-05-29 1.7 1.87 1.64 1.78
2012-03-18 1.1 1.2 1.09 1.19 2014-05-30 1.87 1.1 1.78 1.09
2012-04-11 1.2 1.3 1.19 1.28 2014-05-31 1.1 1.2 1.09 1.19
2012-05-22 1.3 1.0 1.28 1.00 2014-06-02 1.2 1.3 1.19 1.28
2012-05-30 1.0 1.1 1.00 1.09 2014-06-05 1.3 1.43 1.28 1.39
2012-06-24 1.1 1.3 1.09 1.28 2014-06-06 1.43 1.57 1.39 1.51
2012-07-02 1.3 1.87 1.28 1.78 2014-06-06 1.57 1.7 1.51 1.64
2012-07-04 1.87 1.0 1.78 1.00 2014-06-06 1.7 1.87 1.64 1.78
2012-07-08 1.0 1.1 1.00 1.09 2014-06-10 1.87 1.0 1.78 1.00
2012-08-22 1.1 1.2 1.09 1.19 2014-06-16 1.0 1.1 1.00 1.09
2012-08-23 1.2 1.3 1.19 1.28 2014-06-28 1.1 1.2 1.09 1.19
2012-08-24 1.3 1.43 1.28 1.39 2014-07-03 1.2 1.3 1.19 1.28
2012-09-04 1.43 1.57 1.39 1.51 2014-07-03 1.3 1.87 1.28 1.78
2012-09-09 1.57 1.87 1.51 1.78 2014-07-04 1.87 1.0 1.78 1.00
2012-09-10 1.87 1.0 1.78 1.00 2014-07-06 1.0 1.1 1.00 1.09
2012-10-29 1.0 1.1 1.00 1.09 2014-07-07 1.1 1.2 1.09 1.19
2012-11-14 1.1 1.2 1.09 1.19 2014-07-12 1.2 1.3 1.19 1.28
2012-12-31 1.2 1.3 1.19 1.28 2014-07-14 1.3 1.57 1.28 1.51
2013-01-03 1.3 1.43 1.28 1.39 2014-07-15 1.57 1.7 1.51 1.64
2013-01-05 1.43 1.57 1.39 1.51 2014-07-23 1.7 1.87 1.64 1.78
2013-01-08 1.57 1.87 1.51 1.78 2014-07-24 1.87 1.43 1.78 1.39
2013-01-15 1.87 1.0 1.78 1.00 2014-07-24 1.43 1.57 1.39 1.51
2013-03-07 1.0 1.1 1.00 1.09 2014-07-24 1.57 1.7 1.51 1.64
2013-06-14 1.1 1.3 1.09 1.28 2014-07-27 1.7 1.0 1.64 1.00
2013-07-06 1.3 1.87 1.28 1.78 2014-07-29 1.0 1.1 1.00 1.09
2013-07-20 1.87 1.43 1.78 1.39 2014-07-30 1.1 1.2 1.09 1.19
2013-07-23 1.43 1.57 1.39 1.51
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Table 3 Detailed information of all gain jumps at 2.13 pm

Theoretical level Actual level

Theoretical level Actual level

Date Before After Before After Date Before After Before After
jump jump jump jump jump jump jump jump

2009-03-02 1.0 1.1 1.00 1.09 2012-04-11 1.0 1.1 1.00 1.09
2009-08-24 1.1 1.3 1.09 1.26 2012-05-22 1.1 1.0 1.09 1.00
2009-09-10 1.3 1.7 1.26 1.77 2012-06-20 1.0 1.1 1.00 1.09
2009-10-30 1.7 1.0 1.77 1.00 2012-06-24 1.1 1.3 1.09 1.26
2010-03-06 1.0 1.1 1.00 1.09 2012-08-24 1.3 1.87 1.26 1.77
2010-03-12 1.1 1.2 1.09 1.16 2013-06-21 1.87 1.7 1.77 1.66
2010-05-31 1.2 1.3 1.16 1.26 2013-07-29 1.7 1.87 1.66 1.77
2010-08-24 1.3 1.7 1.26 1.77 2014-02-28 1.87 1.43 1.77 1.42
2010-09-13 1.7 1.0 1.77 1.00 2014-04-26 1.43 1.57 1.42 1.56

FALFN S PR RS A S5 5 B . & 4 it 1 1.64 pm Al
2.13 pn P 38 T8 PR A A7 5 52 B RS A7 1Y D 22 15 B .
2 4 AL, SEBR RS A 5 SRS A7 A D 22 AN 28 200
1.64 pm 3838 fir KAm 2238 5.06 % . -3 0m 2 H 2.36 % .

J5 8N AN 2.80X10 152,13 pem 3l 38 B K 22
ik 5.65%, VRN 2.12%, JF 2B/ AU HK
3.19X 10", BeAbh, B A I O 2= Bl 2 R4 AL Y 8 KT
AFK L 1.64 pm BIER R B E .

F4 1,64 pm M 2,13 pm B 5 IZBRAY A7 1Y I 22 15 00

Table 4 Deviation between theoretical and actual levels at 1.64 pm and 2.13 pm

Level Index 1 2 3 4 5 6 7 8 Average
Theoretical 1.0 1.1 1.2 1.3 1.43 1.57 1.7 1.87
1.64 pm Actual 1.00 1.09 1.19 1.28 1.39 1.51 1.64 1.78
Deviation /% 0 0.92 0.84 1.56 2.88 3.97 3.66 5.06 2.36
Theoretical 1.0 1.1 1.2 1.3 1.43 1.57 1.7 1.87
2.13 pm Actual 1.00 1.09 1.16 1.26 1.42 1.56 1.66 1.77
Deviation /% 0 0.92 3.45 3.17 0.70 0.64 2.41 5.65 2.12

4.2 PA—UHRWIE

JEF 14 25 5 B LU R A R 25 5L A BRI 2
SE AR IR A 06T b 08I AR AT IH — A RO BT

K5 Fis A 1.64 pm Fil 2.13 pm BB R 25 H
Frag a0 — R . B 5 L (D AR
GRS S-S A I S o I [ Al [ O
5(a)~Cc) FIE 5Cd) ~ (D) 43l J& 1.64 pm
2.13 pm W3 18 ¥ 25 H AR 10— F T B IS RS A7 A S8
BRES OIS — A S5 M ROR . 3 a5 o Bk 1R U 45
AT, 1,64 pm F1 2,13 pm P GE PR A0 2 1.
1.1.1.2.1.3.1.43,1.57 . 1.7, 1.87 . 1fif 5% Br &4 157 43 51
J&£1.00,1.09,1.19.1.28.1.39.1.51,1.64,1.78 Al
1.00,1.09.,1.16.,1.26,1.42,1.56,1.66.,1.77, WK 5
AT SR R A7 A8 R VR A A A I — A 38R B 4,
W 8 S B A A7 #E AT 00— AKOR B e . 13— 1k
S5 FETEA ) 5 B MR D R B T R SR AR

POFAE a5 R BB M2 2 5 KM 7w
ARG,

PL20124E 8 H 24 H 2.13 pm iliE R 6. K 6
JT 7R Ry 1 a5 5Bk i R B AR IR E bR R N IH — B &L
Ho B 6 ~ (DK IRIE SV, VOC, BB 5 B £ i
H—ALHT G 0 H 281k, 3 45 22 Bk R ] 5 I A 45
A HL, 0842 24 B 3 25 A4 A7 AN 1,26 & Bk &
177 fE 6 AT 0, B b2 An U6 B An KN IH — &%
REA,

P 2010 4 8 H 24 H 1.64 pm i#iE fl 2012 4
6 H24 H 2.13 pm il 38 Ky 4, B 7 F s o 1 45 58 Bk
{18 XoF el O PG A — AR RICR . 8] 7 () ~ (D AR
1.64 pmAl 2.13 pem 38 38 )5 — AL T 09 % b X0 0
KA. Hi 3 25 58 Bk U0 5 3RS 25 2] AT %, 2010 4R
8 H24 H 01:10:33,1.64 pm il i3 25 R0 M 1.78
RPEZE 1.0,2012 46 A 24 H 07:32:48,2.13 pm
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Fig. 5 Normalized effect of SV at 1.64 and 2.13 pm during the lifetime. (a)(d) Daily average SV;

(b) (e) normalized results using theoretical levels; (c¢)(f) normalized results using actual levels
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