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Table 2 RSD of TOA series between VIRR and MERSI
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VIRR i i MERSI 18 i
o RSD/% o RSD/%
(HC K/ pm) (HL K /pm)
1(0.630) 7.17 3(0.650) 3.96
2(0.865) 7.42 4(0.865) 4.63
6(1.600) 7.75 6(1.640) 5.02
7(0.455) 6.65 1(0.470) 3.27
10(0.490) 2.79
8(0.505) 6.58
11(0.520) 2.86
9(0.555) 6.01 2(0.550) 3.11
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Table 3 Spectral band adjustment factor of FY-3B VIRR

and MERSI
VIRR i i MERST il i
GO k/um) (hL WK /) i et
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2(0.865) 4(0.865) 1.0005  -0.0005  0.9999
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8(0.505) 0.0015  0.9999
11(0.520) 0.2690

-0.0006  1.0000

9(0.555) 2(0.550) 1.0002

band 2 (0.865 pm)

band 6 (1.600 um)

70 70 70
S 60| S 60 g 60
g 50 £ 50 g 50
<
S 40 S 40 S 40
e 30 % 30 e 30
é 20 slope=1.1845| e 20 slope=1.3642 é 20 slope=1.0884
> 0 intc=3.4222 | > i intc=2.2306 | ~ 1 intc=6.3819
1=0.9984 =0.9983 =0.9989
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
VIRRSZITOA (x100) VIRRSEZITOA (x100) VIRRSZJITOA (x100)
band 7 (0.455 um) band 8 (0.505 pum) band 9 (0.555 um)

70 70 70
S 60 S 60 S 60
£ 50 € 50 L 50
< < <
S 40 © 40 S 40
& 30 % 30 & 30
é 20 slope=1.5699 | e 20 slope=1.5959 é 20 slope=1.4259
>~ intc=7.7065 | > intc=2.7120 | ~ inte=1.1830

10 10 10

1=0.9969 4 =0.9981 / =0.9980
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
VIRRSZITOA (x100) VIRRSEZITOA (x100) VIRRSZJITOA (x100)

K6 201144 A 8 H—12 H AZRICER AT HRIESL M JT45
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PeLrhh) RIS HA 5 A EE A Bk, A
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BN, HHEESE (2013) MR =5 AR
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Table 4 Comparison of cross calibration results between

IR-MAD in northwest China and north Africa

with VIRR business calibration

20124F 1 H1SH—2H 15H

MERSI A PiA~ S0 £ A it B g 7 e IROMADTRIEIRNADAER R
e (EUIE 38 w THFR RSD/% %gﬂ? l‘rﬁ
(FXHR2E/%)  (FHXHR25/%)
ROL I T 20124 A RITHE AL K VIRR 1 012333 083  0.12546(~1.69) 0.12640(~2.43)
FERR I AN AR AR OT S S RB MERST ORI (9 AH X - 2 0.13849 054  0.14124(-1.95)  0.13530(2.36)
Yotz LA A% A IR oTH 6 009522  0.82  0.09634(-1.16) 0.09193(3.57)
ARERTEEAD, XEHTAFRSHR 7 007721 122 0.08020(-3.73) 0.07480(3.22)
HARRE B, sl T3t 5 ook 8 007793  1.05 0.07812(-0.24)  0.07590(2.67)
WEZ ., EhRIE, PR35 5 00 A X 9 007170 078  0.07201(-0.43) 0.07460(~3.89)

®5 IR-MAD AZEBRITRZ X EIR SRR AU EIRERXTLL

Table 5 Comparison of cross calibration results between IR-MAD NCPs and Dunhuang site calibration

2011-08 2012-08 2013-08
VIRR i i
IR-MAD VGt FUEG X 25/%)  IR-MAD VYL SUES (IR 22/%)  TR-MADVEAL 0 (R 22/% )
1 0.1236 0.1242(-0.48) 0.1301 0.1322(~1.59) 0.1314 0.1331(-1.28)
2 0.1382 0.1371(0.80) 0.1501 0.1480(1.42) 0.1548 0.1490(3.89)
6 0.0942 0.0953(~1.15) 0.1061 0.1007(5.36) 0.1060 0.0995(6.53)
7 0.0785 0.0759(3.43) 0.0802 0.0808(-0.74) 0.0847 0.0880(-3.75)
8 0.0781 0.0775(0.77) 0.0788 0.0804(~1.99) 0.0796 0.0828(-3.86)
9 0.0717 0.0743(-3.50) 0.0742 0.0780(~4.87) 0.0751 0.0789(-4.82)

R6 2012 FRTRITTHA VIRR E AR R G Z 4 MERST I Y18 3 F 2947 =
Table 6 Relative mean deviation of VIRR calibration reflectivity of NCPs compared with MERSI observation in 2012

VIRR SEAT 5T 265 MERSI (A X - 24 i 25 /%

Fisf (1] NCPs H
Band 1 Band 2 Band 6 Band 7 Band 8 Band 9
2012-01 41373 0.94 0.73 1.04 0.77 1.02 1.00
2012-02 32648 0.92 0.71 0.94 0.69 0.92 0.95
2012-03 35629 1.03 1.02 1.16 0.79 0.98 1.04
2012-04 44252 0.96 0.88 0.70 0.69 0.76 0.84
2012-05 26897 1.11 1.18 0.63 0.75 0.80 0.87
2012-06 15683 1.29 1.68 0.70 0.85 0.95 0.96
2012-07 11167 1.70 1.25 0.96 0.83 0.87 1.00
2012-08 30765 1.17 1.79 0.86 0.70 0.76 0.94
2012-09 25743 1.86 1.67 1.13 1.01 1.23 1.49
2012-10 32745 1.08 1.13 0.92 0.75 0.89 1.26
2012-11 50667 1.13 0.90 1.41 0.85 1.07 1.10
2012-12 47945 1.40 1.04 1.88 1.15 1.47 1.39
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imager based on IR-MAD no—-change pixels
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Abstract: During the operation of the satellite in orbit, the radiation detection performance and stability of the sensor changes, and the
accuracy of the acquired radiation observation signal decreases. Accurate on-orbit calibration of sensors is crucial to ensure the validity of
their data products. The stable target site based cross calibration method is limited by the pseudo-invariant target, which is manually selected
by the satellite synchronous transit and has simple spectral characteristics. Thus, multi-frequency and high-precision cross calibration are
difficult to carry out. Method: This study proposes a cross calibration method based on iterative reweighted multivariate alteration detection
(IR-MAD). Taking the FY-3B medium resolution spectral imager (MERSI) as the reference, the cross-calibration of visible and infrared
radiometer (VIRR) on the same platform is studied. Initially, the IR-MAD algorithm linearly combines the simultaneous multi-channel
images of the two sensors to construct canonical correlation variables and performs canonical correlation analysis to eliminate the
correlation between different channels of a single sensor and unmatched channels of different sensors. Then, through multiple probability
reweighting iterations, the IR-MAD algorithm can automatically identify the no-change pixels (NCPs) in the same phase scene of the two
sensors. The radiance of the NCPs has the largest linear correlation between VIRR and MERSI matching channels. The cross-calibration
coefficients can be obtained using a linear regression model based on the apparent reflectance information of the NCPs by correcting the
spectral differences between matched channels of two sensors. This study implements this procedure with data from Northwest China region
and North Africa region and compares it with the calibration results obtained from other related studies. Result: Experimental results show
that the proposed method is consistent with the operational calibration and the Dunhuang desert site calibration. The relative deviation of the
radiometric information between VIRR and MERSI after calibration exceeds 2%. The cross-calibration results of IR-MAD obtained in
northwest China and north Africa are consistent (most channels are better than 2%), verifying the generalization and stability of this method.
The long-time sequence results show a correlation between the channel response decay trend and wavelength. In general, the shorter
wavelength indicates a more serious decay. In addition, some seasonal fluctuations are found in the relative calibration slope time series of
near-infrared and shortwave infrared channels. Conclusion: This method can automatically and efficiently select pseudo-invariant targets in
satellite observation scenes and realize high precision cross calibration based on the selected pseudo-invariant targets. It is applicable to the
re-calibration of historical satellite data and the relative response monitoring of sensors on the same platform. Our future work will focus on
the application of algorithms in different platforms and nonlinear problems.

Key words: Visible and Infra-Red Radiometer (VIRR), Medium Resolution Spectral Imager (MERSI), IR-MAD, no-change pixels, cross
calibration
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