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Abstract Automatic radiometric calibration is the latest development trend in the field calibration of satellites. Its
core is to obtain TOA ( top of atmosphere) reflectance that can be compared with satellite observation data on a
regular basis. This paper developed an on-orbit radiometric calibration method for satellites based on the TOA
reflectance at the Baotou site. Firstly, the empirical model for TOA reflectance was built based on the long-time-
series observation data from a high-precision reference satellite over the automatic radiometric calibration field. This
model was used to correct the TOA reflectance of the automatic radiometric calibration field at other moments.
Consequently, the uncertainty of TOA reflectance was reduced, and the accuracy of radiometric calibration was
improved. The proposed method was validated and analyzed with Sentinel-2A/2B as the reference satellite and the
TOA reflectance of sand targets at the Baotou site as the research object. The results show that the model built in
this paper has high accuracy, and the average relative difference between the predicted values of the model and the
observed values of Sentinel-2 is less than 2% (less than 3% in the blue band). With this model, the relative
difference between TOA reflectance at the Baotou site and the actual TOA reflectance observed by Sentinel-2 can be

greatly reduced and the inconsistency is decreased from 5%-6% to less than 3% . These results validate the
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effectiveness of the proposed method.

Key words remote sensing; on-orbit radiometric calibration; TOA (top of atmosphere) reflectance; Sentinel-2;

Baotou site
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Fig. 1 Sand land target of Baotou site and automatic observation system. (a) Sentinel-2 scene of sand land target;

(b) automatic observing system; (c¢) CE318 sun photometer
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Table 2 Fitting coefficient of empirical model of each band

Channel Coefficient

No. a b c

B1 —0.0394 —1.34X10 "  0.2060
B2 —0.0225 —9.33X10°°  0.1860
B3 0.0027 —6.77X10°  0.1919
B4 0.0050 —4.63X10 °  0.2527
B5 —0.0070 —3.52X10°°  0.2767
B6 0.0038 —5,52X10°  0.2859
B7 0.0147 —6.54X107°  0.2956
B8 —0.0006 —3.97X10°  0.2989
BSA 0.0182 —6.71X10"°  0.3025
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Table 3 Relative error statistic between model simulated TOA reflectance and Sentinel-2 observed TOA reflectance

Channel No. Bl B2 B4 B5 B6 B7 B8 BSA
Average relative error /% 0. 81 0.76 —0.06 —0.31 0.17 0.42 —1.17 0. 54 0. 06
STD of relative error /% 2.95 2.62 1.46 1. 44 1. 88 1.43 1.55 1.59 1. 38
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Channel No. Bl B2 B3 B4 B5 B6 B7 B8 BSA
without 4. 80 0.78 1.96 2.78 4.66 4. 34 6.13 4. 00 5.68

Average relative error /% )
with —0.55 —1.45 —0.06 —0.06 —0.04 —0.56 —0.84 —1.82 0.07
without 5.02 5.57 5.69 5.74 5.68 5.89 5. 86 5.91 5.88

STD of relative error /% .
with 2.99 2.54 1.51 1.46 1. 80 1.43 1.52 1. 17 1. 35
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