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Abstract We develop an intelligent method to monitor the long-term instrumental response degradation of the
Fengyun-3A (FY-3A) satellite medium-resolution spectral imager (MERSI). This method assesses the
instrumental response degradation during the interval between the capturing of two images using an iteratively
reweighted multivariate alteration detection (IR-MAD) algorithm to statistically select invariant pixels from the
different-temporal satellite images, which are obtained from the same geographic region. First, the IR-MAD
algorithm is used to analyze the invariant pixels from the image scene; subsequently, the orthogonal regression of
invariant pixels from two images is conducted to obtain the relative degradation of the sensor during this interval.
Next, all the long-term sequence images are processed in a similar manner and the polynomial fitting is used to
obtain the relative degradation curve of the sensor over the entire period of time. Herein, we conduct this procedure
using the data of FY-3A/MERSI obtained from north Africa and northwestern China, and compare the obtained
results with the instrumental degradation results obtained from other relevant researches. The verification results
denote that the proposed method is in good agreement with other methods (the difference is less than 2%). The
results obtained in north Africa are consistent with those obtained in northwestern China (the differences are less

than 1% in majority of the bands), indicating the universality and reproducibility of the proposed method.
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Table 1 Specifications of each spectral band of FY-3A/MERSI

Band Cyw/pm By/pm R./m rw/% Dx/% || Band Cw/pm Byw/pm R./m ro/% Di/%
1 0.470 0.05 250 0.40 100 11 0.520 0.02 1000 0.05 80
2 0.550 0.05 250 0.40 100 12 0.565 0.02 1000 0.05 80
3 0.650 0.05 250 0.40 100 13 0.650 0.02 1000 0.05 80
4 0.865 0.05 250 0.40 100 14 0.685 0.02 1000 0.05 80
5 11.250 2.50 250 - 15 0.765 0.02 1000 0.05 80
6 1.640 0.05 1000 0.08 90 16 0.865 0.02 1000 0.05 80
7 2.130 0.05 1000 0.07 90 17 0.905 0.02 1000 0.10 90
8 0.412 0.02 1000 0.10 80 18 0.940 0.02 1000 0.10 90
9 0.443 0.02 1000 0.10 80 19 0.980 0.02 1000 0.10 90
10 0.490 0.02 1000 0.05 80 20 1.030 0.02 1000 0.10 90

Note: Cy is central wavelength, By is band width, R, is spatial resolution on nadir, r, is signal-to-noise ratio, Dy is dynamic

range; band 5 is one infrared emissive channel, whose signal-to-noise ratio and dynamic range are different from those of other

bands, and its signal-to-noise is 0.4 K and dynamic range is 330 K.
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Fig. 3 Regression slopes and number of NCPs as functions of VZA in different channels.

(a) Channel 1; (b) channel 2; (¢) channel 3; (d) channel 4
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Table 2 Numbers of m;,

coefficients of polynomial fitting, and Cy values of normalized sample points in each channel

Number of

Number of

Band a a Cyv/% Band a as Cv/%
NCPs NCPs
1 4606 —1.53X10" 4.84X107° 5.53 12 5694  —4.03X107°  1.55X10°* 4.25
2 5350 —8.16X10°° 2.83X10°° 4.08 13 5470 1.36 X10° 1.46 X107 3.63
3 5268 1.28X10°° 3.12X10°° 2.89 14 5384 9.04 X106 3.07X10°° 3.15
4 5177 7.23X10°°%  —7.95X107"° 3.07 15 5825 —1.18X10°° 5.11X10°° 3.35
8 5058 —3.25X10°* 7.48X10°° 7.76 16 5380 7.79X10°° —9.84X10°7 2.73
9 5440 —1.62X10"" 1.68Xx10* 7.55 17 3263 —6.38X10°°  1.88X10°* 6.16
10 5498 —1.12X10* 2.60X10° 6.14 19 3423 —6.78X107°  7.97X10°° 5.65
11 5392 —8.88X10°° 2.65X107° 4.91 20 5175  —8.57X107° —7.52X107° 3.24
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