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Abstract The directional polarimetric camera (DPC) on the GaoFen-5 satellite is not equipped with an on-board
calibrator, and thus it requires different alternative methods for the in-flight radiometric calibration. For this purpose, an in-
flight cross radiometric calibration method is developed, and the real-time surface directional reflectance and spectral
response differences are considered to realize the in-flight cross radiometric calibration of DPC/GaoFen-5 and MODIS
(moderate-resolution imaging spectroradiometer)/Aqua. In this method, MODIS/Aqua with a high accuracy on-board
calibration ability is selected as the reference sensor, and the observation data over the pseudo-invariant calibration site in
North Africa is used. By inputting the real-time satellite bidirectional reflection product and calculating the atmospheric
radiative transfer, this paper accurately corrects the apparent radiation deviation caused by the sun-observation geometry
and spectral response differences between the two sensors and finally obtains the in-flight cross radiometric calibration
coefficient of the sensor to be calibrated. Theoretical analysis results show that the calibration uncertainty of this method is
2.41%-3.70% at the non-absorption band of DPC. The preliminary results of the cross radiometric calibration between

DPC/GaoFen-5 and MODIS/Aqua show that they have a good radiometric consistency, and the apparent radiation
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difference of each band is less than 4% .

Key words remote sensing; cross calibration; atmospheric radiative transfer; surface bidirectional reflectance distribution

function; directional polarimetric camera; moderate-resolution imaging spectroradiometer
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Instrument MODIS/Aqua DPC/GaoFen-5
Orbit Sun-synchronous Sun-synchronous
Passing time 13:30 13:30
Altitude /km 705 705
Scanning mode Whisk broom Frame imaging
Band /pm 0.4-15.0 0.443-0.91
Field of view /() +49.5 +50
Swath width /km 2330 1850
Spatial resolution /m 250/500/1000 3300
Radiative calibration uncertainty /% 2 5
Number of angles 1 =9
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Fig. 1 Comparison of spectral response function between

MODIS/Aqua and DPC/GaoFen-5
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Fig. 3 DPC cloud identification results over desert sites. (a) True color band fusion image; (b) cloud mask image
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Table 2 Uncertainty analysis of cross calibration method in this research

Total uncertainty /%

Uncertainty source Reference Input uncertainty
443nm 490nm 565nm 670 nm 865 nm
Reference sensor calibration — — 2.00 2.00 2.00 2.00 2.00
Surface reflectance BRDF Surface directional reflectance .42 0.67 2.3 2.92 1.09
Aerosol model Desert Urban .42 0.57 0.45 0. 36 0.5
AOD 0.1-0. 4 with step of 0. 1 +0.05+0.15

Radiative transfer model —

Total uncertainty —

.00 1.00 1.00 1.00 1.00
.69 2.41 3.24 3.70 2.54
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Fig. 6 Comparison of theoretical reference reflectance and observed reflectance for DPC in-flight cross calibration. (a) 443 nm band;

(b) 490 nm band; (c¢) 565 nm band; (d) 670 nm band; (e) 865 nm band

DPC 5 MODIS 3¢ XU 5 78 b5 52 1F 2 804 A n 32
SR, G5 RER :DPCHSAIZ XN EWRIEES
MODIS A5 3 B i 5 5 25 R B/NF 4% AR A
W bR E 22 29 R 0.8% ~2.25% ; 670 nm % Bt DPC 5
MODIS i 5 — B0 fe b, =3 A0 22 /) 5490 nm
W B 3 AT e 22 AR T 670 nm BB, Ak 1%
443 nm 865 nm { Bt 3 X 22 43 B 200 2. 5% i
3.5% ;565 nm I Bt . # MR 2= oK, Ao 4%, 13X ]
fIE H PR A% B A 12 Dk B e 15 i) 7 o B 25 SR A KT B
A8 S b 4t 5 U B RO R PR DG VD 15 4 b e
P 5 R — S0 3K U AR S T RS B R A bR
JEATEE o I SO [R5 B SR b ) o bR 2 R — 3
VLEH T DPC A% 84 2h 4530 il 9 A9 v i R 4

# 3 DPC/GaoFen-55 MODIS/Aqua 38 X 8 5} 52 b5 R0 5
FEBREEA AL bR fE 22

Table 3 Cross radiometric calibration coefficients and standard

deviation of calibration samples A} of DPC/GaoFen-5

and MODIS/Aqua

Band 443 nm 490 nm 565 nm 670 nm 865 nm
Al 0.975 1.010 1. 040 1.000 0.965
o 0.0183 0.0225 0.0137 0.0108 0. 0080

k[ 107 POLDER/PARASOL 5 MODIS 7
443,490,565, 670, 865 nm i B 1 38 SR 5T 5E b R L
AWk 1.061,1.042,0.982,1.028, 1. 013, ¥ 4 47
24518 0. 069,0.053,0.037,0.028,0. 022, # DPC
M POLDER % H 5 MODIS 32 X 48 5 % br & Bt 17
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