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Vicarious Calibration of Multiple Sensors Based on Reanalysis Data of
Pseudo-Invariant Site
Han Qijin Liu Li

Fu Qiaoyan Zhang Xuewen Wang Aichun Pan Zhiqiang
(China Center for Resources Satellite Data and Application . Beijing 100094, China)

Abstract To monitor the in-orbit radiometric performance of multiple satellite remote sensors onboard, a vicarious
calibration methodology based on pseudo-invariant reanalyzed benchmark database is presented. Using Dunhuang
radiometric calibration site, a homogeneous stable test site, the reflectance-based reference and aerosol real time

estimated models are established after analyzing the reflectance spectral and atmospheric characteristics at the site
Meanwhile, the radiometric calibration of ZY-1 02C, ZY-3 and GF-1 remote sensors is carried out using fore-
than 5.0%

remote sensors can be performed based on analyzed data of pseudo-invariant site, and the relative difference is less
change of remote sensors.
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mentioned reflectance-based calibration model. The research results by comparing the calibration results with usual
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method and ground measured data are validated and discussed. The results indicate that the calibration of multiple
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between radiance based on the calibration results and the predicted radiance with the ground
remote sensing; vicarious calibration; pseudo-invariant site; reflectance

measurements, and the accuracy of new method is the same as usual calibration result. The research results can
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provide data reference for future calibrating the radiometric calibration coefficients and monitoring the property
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Fig. 1 (a) Image of Dunhuang site; (b) average clear-sky days every month

(a) reflectance spectra
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Fig. 2 History data of Dunhuang site. (a) Reflectance; (b) average AOD and water vapor
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Fig. 3 Reference data of Dunhuang site. (a) Land surface reflectance spectra; (b) AOD
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Table 1 Sensor design parameters

GF-1
Technology parameters ZY-1 02C MSS 7ZY-3 PMS
PMS (two) WFV (four)
Band 1 — 0.45~0.52 0.45~0.52 0.45~0.52
) Band 2 0.52~0.59 0.52~0.59 0.52~0.59 0.52~0.59
Spectral band width /pm

Band 3 0.63~0.69 0.63~0. 69 0.63~0.69 0.63~0.69
Band 4 0.77~0. 89 0.77~0.89 0.77~0.89 0.77~0.89

Spatial resolution at nadir /m 10 5.8 8 16
Width /km 60 51 70 (two) 800 (four)

Quantization /bit 8 10 10 10

Design life /a 3 5 5 5
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Table 2 Information of observer and reference data

Solar Solar View View Predicted
Remote sensor Date
zenith /(%) azimuth /(%) zenith /(*) azimuth /(%) AOD
ZY-1 02C MSS Jun. 22 21.52 136. 69 22.37 103.76 0.142
7ZY-3 PMS Jul. 4 21.89 137.53 17.75 44, 21 0.137
1 Jun. 22 22.01 134. 88 11. 45 96. 68 0. 142
GF-1 PMS
2 Jun. 26 22.11 134.16 12.75 96. 30 0. 140
1 Aug. 5 28. 31 137. 87 26.67 101. 52 0.128
2 Jun. 22 22.83 134.59 18.58 101. 01 0.142
GF-1 WFV
3 Aug. 2 25.68 148. 97 17.58 283.10 0.129
4 Jun. 23 19. 26 146. 50 29.94 285. 46 0.142
F 3 AT HUETE Y 22 IR R A R U O bR A
Table 3 Vicarious calibration results of multiple sensors based on pseudo-invariant Dunhuang site
Radiometric calibration results — gain /[W/(m” *srepm) |
Remote sensor
Band 1 Band 2 Band 3 Band 4
7Y-1 02C MSS — 1. 6001 1. 6080 1.7120
7Y-3 PMS 4,1962 4,5961 5.7616 5.3199
GF-1 PMS1 4.5084 5.6045 5.9467 5. 8482
GF-1 PMS2 4.5038 5.3562 5. 6630 5.5654
sF-1 WEV1 5.8514 7.1531 8.3682 7.4738
GF-1 WFV2 5.6930 7.4238 9. 2565 8. 4867
GF-1 WFV3 5. 4894 6.2898 7.6871 7.1645
sF-1 WEV4 5. 3068 6.3293 7.5801 7.6390
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Table 4 Validation results of ZY-1 02C and ZY-3 calibration coefficients

Parameters Band 1 Band 2 Band 3 Band 4

Lo 162. 52 150. 88 108. 59

ZY-1 02C L peedicred — 157.15 152.17 116. 22
A= (Lie = Lpredicred ) / Luue 3.31% —0.86% —7.02%

Lo 178. 43 179. 6 168. 88 121.11

ZY-3 L predicred 161. 25 160. 47 144,03 103. 63

A= (Lye — Lyredicred ) / Lure 9.63% 10.65% 14.71% 0.14%
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Table 5 Result comparison of GF-1 between 2013 in situ calibration and this calibration

Parameters Band 1 Band 2 Band 3 Band 4
GE1 PMSI Inrsitu CAL gain 4. 8031 5. 9809 5.7208 5.3107
A= (Gisiti — Gow) /G 6.54% 6.72% —3.80% —9.19%
GE1 PMS2 Insitu CAL gain 4. 8263 5. 6306 5. 6497 5.2383
A= (G e = Gow) /G 7.16% 5.12% —0.23% —5.88%
GE1 WEVI Insitu CAL gain 5. 8652 7.1517 8. 3642 7.4762
A= (Girsine = Gow) / Gour 0.24% 0 0 0
GF-1 WEV2 Isitu CAL gain 6.2972 6.6007 7.9936 8.2713
A= (G e — Gow) /G 10.61%  —11.09%  —13.64% —2.54%
GE1 WEV3 Inrsitu CAL gain 6. 4267 5. 8824 7.1839 7.3855
A= (Gisite — Gour) / Gour 17.08% —6.48% —6.55% 3.08%
CE WEVA Irsitu CAL gain 5.4975 5. 6754 6. 8353 6.5703
A= (Gisiti — Gow) /G 3.59%  —10.33% —9.83%  —13.99%
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