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Table 1 Basic information for MERSI system

Band Central Bandwidth /  Instantaneous field Noise equivalent reflectance o /% or Dynamic

wavelength /pm pm of view /m temperature difference(300 K) (reported for Band 5) range
1 0.470 0.05 250 0.45 100%
2 0. 550 0.05 250 0.40 100%
3 0. 650 0.05 250 0.40 100%
4 0. 865 0.05 250 0.45 100%
5 11. 25 2.5 250 0.4K 330K
6 1. 640 0.05 1000 0.08 90%
7 2.130 0.05 1000 0.07 90%
8 0.412 0.02 1000 0.10 80%
9 0.443 0.02 1000 0.10 80%
10 0.490 0.02 1000 0.05 80%
11 0. 520 0.02 1000 0.05 80%
12 0. 565 0.02 1000 0.05 80%
13 0. 650 0.02 1000 0.05 80%
14 0.685 0.02 1000 0.05 80%
15 0.765 0.02 1000 0.05 80%
16 0. 865 0.02 1000 0.05 90 %
17 0.905 0.02 1000 0.10 90%
18 0. 940 0.02 1000 0.10 90%
19 0. 980 0.02 1000 0.10 90%
20 1.030 0.02 1000 0.10 90%
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Fig. 2 MERSI VOC. (a) Schematic of VOC system; (b) three-dimensional structure of lens optical axis point of VOC
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Fig. 3 Sunlight-based calibration. (a) MERSI band 1 DN value as a function of solar zenith; (b) multiyear sunlight-based calibration
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#2 TOA BRDF B EA R

Table 2 TOA BRDF model fitting coefficients
Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7
fl 0.46750 0. 59360 0. 24576 0.34024 0. 68450 0. 73530 0. 67400
f2 —0.04372 —0. 06804 0. 10440 0. 03596 —0.18533 —0. 19240 —0. 17271
f3 0. 02368 0. 02920 —0. 00302 0. 00910 0.04741 0.05273 0. 05296
RMS 0.007762 0. 009020 0. 006093 0. 006434 0.011420 0.012120 0.012970
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Fig. 5 Time series of TOA reflectance measured by MODIS versus BRDF model fitting. Measured data are represented as M, and

model fitted data are represented as F
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Fig. 7 MERSI absolute radiometric response degradation trends based on cross calibration with MODIS
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Table 3 VOC system radiometric performance annual degradation rates (%) at different central wavelengths (nm)

470 550 650 865 412 443 490 520

565 685 765 865 905 940 980 1030

650

Year

Bl B2 B3 B4 B8 B9 B10  BI11

Bl2 BI13 Bl14 B15 BI16 B17 BI18 B19 B20

2010
2011
2012
2013
2014
2015
2016
2017
2018

2.70 1.93
47.05 40.28
45.87 35.15
27.78 20.55
12.16 9.60
3.92  3.52
0.32 0.79
0.79 1.02
0.15 0.22

2.65
37.04 24.38
25.41 14.49
13.33 6.92
6.07 3.04
2.39 1.18
0.76 0.36
0.74 0.33
0.18 0.08

1.73 2.92 2.67
46.76 49.51
39.01 45.82
18.63 24.58
4.60 8.60
1.64 1.63
4.24 1.10
4.13  0.67

1.91 0.64

2.78 2.79
47.12 44.05
43.12 38.83
25.74 24.25
11.55 11.95
4.19 4.81
1.04 1.56
1.56 1.89
0.19 0.45

39.16
32.69
19.05

2.17 1.91 1.50 1.10 1.11
35.10 30.07 26.32 20.93 15.68 15.45 10.43
22.34 18.37 15.21 11.49 63 9.73 11.98

8.

10.79 8.73 6.91 4.76 3.13 4.86 7.56
0
0

2.01 2.61 0.28
36.51
24.94
13.07
5.94
2.33
0.72
0.70

0.17

2.57

4.63 3.77 2.88 1.58 0.44 1.8 3.91
1.81 1.47 1.07 0.21 .70 0.09 1.20
0.62 0.49 0.32 0.29 0.96 0.73 0.43
0.63 0.48 0.31 0.17 0.57 0.69 0.54
0.16 0.12 0.07 0.07 0.17 0.21 0.13

9.03
3.33
0.70
0.83
0.18

Notes: Above wavelengths are analogous to MERSI band 1-band 4 and band 8-band 20 (B1-B4 and B8-B20), respectively.
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Fig. 8 Lifetime plots of comparison of VOC system normalized

radiometric output for wavelengths centered at 550 nm

and 650 nm between results given by proposed method

and those obtained from trap detectors
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Stability Analysis of Radiometric Properties in Visible On-Board
Calibration System of FY-3B Satellite Medium-Resolution Spectral Imager

Zhi Dandan’, Zhao Qichang, Wang Zijun, Ma Jingjing, Zhang Liguo, Zhu Sifeng,
Zhou Aiming
Shanghai Institute of Satellite Engineering, Shanghai 201109, China

Abstract

Objective The output of the FY-3B satellite’s medium resolution spectral imager (MERSI) visible on-board calibration
(VOC) degrades with time, which causes concerns regarding its reliability in absolute radiometric calibration. The users
must distinguish between the uncertainties determined by the VOC system's radiometric output and the MERSI detectors
since this will lead to a detailed temporal evolution comprehension of the MERSI system and VOC radiometric
characteristics. Additionally, this can ensure the remote sensing data are fully calibrated and utilized in the observed target
study. We aim to investigate the output variation of the MERSI VOC system and have made special efforts to extract the
information variations of VOC radiometric performance. The annual degradation rates which are defined as the percentage
difference between the results of the first and last measurements of each year are employed to evaluate the VOC
radiometric performance. The results are evaluated against the trap detector monitoring to further validate the proposed

proceeding approach.

Methods Based on the characteristics of the satellite orbit and the structures of the MERSI VOC, we introduce a novel
methodology to assess changes in the VOC system’s radiometric output, with a particular focus on analyzing the
relationship between the sunlight calibration opportunities and the angles of solar zenith and solar azimuth. Then we screen
out the sunlight-based calibration data from multiple light sources (interior lamps, sunlight, space view background)
calibration data. The analysis is to provide perspectives on the comparative radiometric performance of MERSI.
Meanwhile, the majority band response seems to follow a somewhat downward trend. Subsequently, the performed
relative response characterization step employs an exponential function created via least-squares fitting of the VOC data.
High-quality MODIS data are leveraged to develop a top-of-atmosphere (TOA) bidirectional reflectance distribution
function (BRDF) model and thus enhance the study precision. The time series of TOA reflectance acquired by BRDF
model fitting is compared with that measured by MODIS, with the time series of BRDF modeling residuals analyzed. This
model is consequently utilized in cross-calibration processing with nearly 10 years’ worth of on-orbit data from MERSI.
Cross-calibration processes include spectral matching between the two distinct sensors, viewing geometry correcting, and
spectral interpolation. Additionally, the TOA reflectance is further converted to calibration coefficients using a calibration
equation with zenith angle, azimuth angle, digital counts, and earth-sun distance. This is to comprehensively evaluate

MERSI's absolute radiometric performance, and the relative and absolute radiometric characteristics of MERSI are

1228005-9



E 445 F 128/2024 £ 6 B/ RFFR

standardized based on the initial regression point. This standardization treats the normalized difference as an indicator of

the decay in VOC radiometric performance.

Results and Discussions Recent studies using analysis of the MERSI sensor response to the Libya4 pseudo-invariant site
and cross-calibration with MODIS show that the FY-3B MERSI has not deteriorated as much as the sunlight-based
calibration trend has suggested. The comparison of the above lifetime trends and the relative and absolute radiometric
characteristics of MERSI produce a distinction estimate in the calibrations of consecutive FY-3B MERSI pairs. We
conclude that the degradation effects of the VOC radiometric performance can explain the observed differences. The
results illustrate that the degradation rates of VOC radiometric performance are wavelength-dependent, with an initially
higher rate gradually decreasing over the years and eventually stabilizing. Notably, in the early mission stages, the
shortwave outputs (below 500 nm) exhibit a substantial degradation, reaching up to 49.51%. Conversely, the decay rates
at longer wavelengths (800-1000 nm) are relatively modest, remaining within 26%. In the later stages of the satellite’s
mission life, the decay rates for most wavelengths are approximately 0.64% , except for 412 nm, which experiences a
higher rate at approximately 1.91%. For further validating the employed proceeding approach, we make a comparison of
the decay in VOC radiometric performance calculated by us with that monitored by the trap detector. Since we cannot
determine how the data amount that passes through the filter changes while in orbit, the radiometric performance of VOC
is all normalized by the first measurement value. The results indicate that the maximum percent differences observed

throughout the instrument's lifetime remain below 15% at 470 nm and 14 % at 65 nm.

Conclusions A general procedure is developed and implemented to provide users with the ability to characterize the decay
rate in the VOC system's radiometric output. The results demonstrate that the maximum annual decay rates (ADRs) of the
short-wave output (<500 nm) range from 46%-50% , while the longer wavelengths (800-10000 nm) reveal relatively
smaller changes of approximately 26 %. The current procedure implementation leads to further comprehension of changes
in the VOC system output. The adopted novel methodology serves as a valuable reference for extending analogous

endeavors that aim at conducting on-orbit absolute radiometric calibration for other sensors.

Key words radiometric calibration; on-board calibration system; medium resolution spectral imager (MERSI); reflective

solar band
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