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Table 1 Technical parameter of instruments

Parameter PSR ATR HIM
340.380.440.500.675 . 400.450.,500.600.675.810.
Band/nm 400~2 400
870.937.1020.1 640 1000.1 550
o Water vapor (937) ,aerosol ) ) )
Application (Band/nm) Surface reflectance Irradiance , Diffuse—total ratio

(the other)
<4(400~950),<<15(950~1 700),
<20(1 700~2 400)

FWHM/nm 2~25 15~40
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SR REPE B 1.206 B il 300+ 3% DU B HH 5 B B AL F32 AOD Sy 1 I F B AR B 5 B 9 5% 1)
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Table 2 The uncertainty estimates of the calibration coefficient for SRBC method

Source of uncertainty Uncertainty
Reflectance of standard panel Ap e 1%
Measurement of ATR 0.19%
Atmospheric transmission 1.3%~3.6%
Diffuse total ratio 2%

Other uncertainties (filter transmittance, 1%
0

Earth-Sun distance, etc)
4.35% @400 nm;3.29 % @450 nm;2.87 % @500 nm ;

Total
3.23% @600 nm;2.78 % @675 nm;3.09 %

25 b R SRBC & b5 & B0 530 09 b 3% S ik 32 5 ASD N T[] 25 WL I i) b 3% 52 5 38 LA AR A Ay — B0k
SRBC HOE I IR 15 2l 25 1 el 55 S B i FH I B 40T, X Ao AT R S8 A I A DG IR 2 BOW I 8 o 33300 7 4%
IS B S I OR B — B 07 1 BT R

3 DEEWRMA

it — 20 55 Uk SRBC 5E bi 09 A 80 M A id 8 30 H F AQUA/MODIS H gl fb B e bst
AQUA/MODIS i Bt Z 5 tn 4 3 fis o

PEH 2018 4F 8 A 2] 2021 4F 9 A 19 H h AL WL 45 8 , A SRBC % bk 77 7545 209 R B0 53 ATR W 38
TH ) H 2 B FE 2015-2021 48 B 37 R 4R 1 M S SR AR A =X (17) DE I B 538 19 2 5% o I 49 %
MW /NI R Y AR TR SRS BB, TSRS R B RS S i 6 S AT i 4 S RS A5 B SE R O b
TGP
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%3 AQUA/MODIS KBS
Table 3 The band parameters of AQUA/MODIS

Band/nm Bandwidth/nm Signal to noise ratio
Chl 620~670 128
Ch2 841~876 201
Ch3 459~479 243
Ch4 545~565 228
Ch5 1 230~1 250 74
Ch6 1628~1 652 275
Ch7 2105~2 135 110
Ch8 405~420 880
Ch9 438~448 838
Ch10 483~493 802
Chll 526~536 754
Chl2 546~536 750
// S —(k+ prei) I (17)
i=1
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Fig. 5 The Surface reflectance in the direction of satellite transit observation
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Research and Application of the Calibration of the Ground Radiometer
in Dunhuang Test

HUANG Dong"*’, LI Xin'?, ZHANG Yanna'*, WEI Wei'*, ZHANG Quan'’
(1 Key Laboratory of Optical Calibration and Characterization, Anhui Institute of Optics and Fine Mechanics ,
Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China)
(2 Key Laboratory of Optical Calibration and Characterization, Chinese Academy of Sciences, Hefei 230031, China)
(3 University of Science and Technology of China ,Hefei 230026 , China)

Abstract: When the satellite is in orbit for a long time, the remote sensor will be affected by factors such as
the space environment and the aging of components, which will cause the phenomenon of radiation
response decay. To meet the quantitative requirements of satellite data and the monitoring of remote sensor
performance change, continuous and precise calibration of remote sensors is required. At present, the
vicarious calibration based on the reflectance-based method is widely used. A large area of uniform and
stable targets are used as the radiometric calibration site. When the satellite transit, the surface reflectance
and atmospheric parameters of the site are synchronously measured manually, and the apparent reflectance
is calculated in combination with the radiative transfer model, to obtain the calibration coefficient of the
satellite sensors. It takes much time, manpower, material and financial resources to complete an effective
calibration test. At the same time, due to the limitations of weather conditions, the calibration frequency is
basically maintained at the level of once a year. With the increase in the number and types of optical
satellites, the radiometric calibration based on the traditional vicarious calibration method can not meet the
needs of remote sensing quantification in time. In recent years, a method of automated vicarious calibration
based on high frequency, high precision, low cost and other considerations has been adopted
internationally. This method uses unattended and automated observation equipment to measure the surface
reflectance and atmospheric parameters and combines with the radiation transfer model to realize the high—
time calibration of remote sensors. The automated vicarious calibration observation network such as the
Radiometric Calibration Network and the Automated Vicarious Calibration System has been deployed in
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Railroad Valley Playa in the United States, La Crau in France, Baotou in China, Dunhuang in China, etc.
for satellite calibration and verification. Surface reflectance is an important parameter for automated
vicarious calibration. Considering the long—term field observation and operation stability, the channel-type
radiometer is usually used. The automated test-site radiometer is the core equipment of the automatic
vicarious calibration system in the Dunhuang radiometric calibration test site, which provides surface
reflectance parameters. In order to ensure the high—precision measurement of reflectance in the long—term
automated vicarious calibration process, the high—precision calibration of the automated test—site
radiometer is generally completed in the laboratory. The calibration process needs to be completed by
returning to the laboratory. The long calibration cycle will cause the loss of observation data, and long-
distance transportation vibration will also affect the calibration accuracy.The damage to the automated test—
site radiometer observation area caused by manual mobilization, installation and disassembly will seriously
affect its consistency with the satellite transit observation area. In addition, light sources standard lamp and
sun are used for instrument calibration and surface reflectance calculation, respectively in the satellite
automated vicarious calibration. There are differences in spectral distribution between the two. To solve
these problems, the on-site calibration method of the channel-type automated test—site radiometer was
studied. The automatic observation data of the hyperspectral irradiance meter was introduced into the solar—
radiation—based calibration method to calculate the sky diffuse illuminance. The acquisition methods and
calculation processes of light source, aerosol optical thickness, diffuse to total ratio and other parameters
used in the calibration of the automated test—site radiometer and satellite automated vicarious calibration
were consistent. The solar-radiation—based calibration method is used to calculate the calibration coefficient
and surface reflectance, and the calculated surface reflectance is compared with the manually measured
surface reflectance using ASD spectrometer. Then the uncertainty of surface reflectance calculation is
analyzed. The results show that the relative deviation between the reflectance of the automated test—site
radiometer calculated by the solar—radiation—based calibration method and the reflectance of artificial ASD
measurement is better than 1.4% , and the uncertainty of reflectance calculation is better than 2.78% ~
4.35%. Solar-radiation-based calibration method has high accuracy and system advantages in practical
application. The calibration coefficient of the automated test—site radiometer calculated by the solar-
radiation—based calibration method is applied to the satellite’s automatic vicarious calibration. The
automatic vicarious calibration results in recent three years are in good agreement with the AQUA/MODIS
on—board calibration coefficient. The relative deviation of single calibration of each channel is basically
within 5%, and the average percentage deviation is better than 3.58%. It can monitor and track the
operation of satellite load, and verify the effectiveness and applicability of the SRBC method.

Key words: Ground radiometer; Surface reflectance; Radiometer calibration; Automatic vicarious
calibration; Aerosol optical depth; Ozone content
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