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Abstract: In this paper, an irradiance-based absolute radiometric calibration campaign at Baotou
calibration site during June and July 2018 was described. This radiometric calibration campaign
made use of six radiometric calibration tarps. The synchronous measurements of parameters such as
surface reflectance, atmospheric parameters, and diffuse-to-global irradiance ratio were collected at
the satellite overpass. The top-of-atmospheric radiance was predicted by radiative transfer model
with these synchronous measurements. The linear relationship between DNs of satellite sensor
and band-specific top-of-atmospheric spectral radiance was established, and a stable and reliable
absolute calibration coefficient of ZY3-02 MUX was determined in this campaign. We compared the
calibration results of the irradiance-based method with those of the reflectance-based method. The
results suggested that the irradiance-based method is better than reflectance-based method.

Keywords: ZY3-02; radiometric calibration; irradiance-based method; absolute radiation calibration
method of irradiance-based

1. Introduction

To obtain extremely precise Earth surface measurements, the absolute radiometric
calibration of optical satellites is a crucial process. [1]. Absolute radiometric calibration
establishes the link between the imaging DN value and the sensor’s top-of-atmospheric ra-
diance. [2]. The reflectance-based approach, the irradiance-based method, and the radiance-
based method are the three main on-orbit absolute radiometric calibration techniques. [3].
The reflectance-based method proposed by Slater in University of Arizona has become
the most commonly used method for in-flight absolute radiometric calibration of satellites
sensor [4]. This method had been widely used for calibration by various satellite sensors,
such as IKONOS and SPOT satellite sensors, as well as China’s FengYun series [5-10].

On 30 May 2016, ZY3-02 satellite continued the Chinese civil high-resolution stereo-
scopic mapping satellite system. ZY3-02 satellite is loaded with four optical cameras: one
multispectral imager sensor (MUX) and three cameras with panchromatic wavelength
ranges (TLC). This satellite played an important role in quantitative remote sensing ap-
plications for China’s industry applications. To maintain the high-accuracy radiometric
characteristic of ZY3-02 satellite, a vicarious calibration campaign was conducted by Land
Satellite Remote Sensing Application Center (LASAC) each year [11,12]. A reliable radio-
metric calibration coefficient was obtained by the reflectance-based absolute radiometric
calibration method in these campaigns, especially for the ZY3-02 satellite sensors.

However, the aerosol model in the radiative transfer model assumes the maximum
error that may occur in the absolute refractive index calibration method as the reflectivity.
The larger the aerosol optical depth (AOD), the larger the contribution in radiative transfer
simulations, and the aerosol model is particularly sensitive for calculating the at-sensor
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(top-of-atmospheric, TOA) radiance by the radiative transfer model. The assumption of the
aerosol model in the radiative transfer model will bring large errors to the reflectance-based
absolute radiometric calibration. The irradiance-based approach is utilized in this study
to reduce the overall uncertainty that is contributed by the assumption of aerosol model
parameters in the radiative transfer model while using reflectance-based method.

This study describes an enhanced calibration campaign based on the irradiance-based
approach. For radiometric calibration, a collection of several tarpaulins was created. In
this campaign, synchronized measurements of aerosol optical depth (AOD) and surface
reflectance were taken at the satellite flyover. Using an AG-512 SSIR Solar Spectroradiome-
ter, the ratio of diffuse-to-global downward irradiance at the surface level was determined.
Based on these synchronous data and the ratio of diffuse radiation to global downward irra-
diance, the top of atmosphere (TOA) radiation is predicted. In the ZY3-02 MUX images, the
connection between Digital Number (DN) value and TOA radiation was found, and the ra-
diometric calibration coefficients were calculated. In this research, the calibration outcomes
of the reflectance-based approach and the irradiance-based method were compared.

2. Materials and Methods
2.1. ZY3-02 Satellite Background

The ZY3-02 satellite enters 505 km sun-synchronous orbit, and it made one complete round
of the world every 59 days [12]. ZY3-02 satellite carried four optical cameras: three panchromatic

cameras and a multispectral imager. The details of ZY3-02 satellite and MUX [12] are shown in
Table 1. Figure 1 shows the normalized spectral response function (SRF) of ZY3-02 MUX.

Table 1. Details of ZY3-02 satellite.

ZY3-02 Satellite Detailed Information

Panchromatic band: 0.45-0.9 um
Blue band: 0.45-0.52 um
Spectral Bands Green band: 0.52-0.59 um
Red band: 0.63-0.69 um
NIR band: 0.77-0.89 um

Panchromatic band: nadir-view: 2.1 m (GSD)
forward-view (+22°): 2.5 m (GSD)
backward-view (—22°): 2.5 m (GSD)
Multispectral: nadir-view: 5.8 m (GSD)

Spatial resolution

Radiometric Resolution 10 bits
Swath width 51 km
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Figure 1. Details of normalized spectral response function of multispectral sensor (MUX).
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2.2. Irradiance-Based Absolute Radiometric Calibration Method

This paper proposes an absolute radiometric calibration method for irradiance. The
flow of infrared radiation based technology is shown in Figure 2.

Synchronous Atmospheric Meteorological parameter
reflectance parameters measurement measurement
measurment (Aerosol optical depth) (Water vapor and Ozone)

:I Data Processing Iﬂ_

- - i 1
Sun targf:t. s'atelllte _ Radiative Transfer P Spectr.a response
acquisition > <% function of each
. Model
geometries band
Intra-atmospheric
reflectance o, and
atmospheric spherical
albedo S
* 7.Y3-02 Satellite
i —to- MUX Imagery
,D'ffu,se to glol.)al =  Apparent Reflectance
irradiance ration
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Top of Atmosphere Digital Number (DN) of
Spectral Radiance target in each band

Absolute radiometric
Calibration coefficient <
(Gain, Bias)

Figure 2. Technical process of on-orbit absolute radiometric calibration of multispectral sensor (MUX)
based on irradiance-based method.

The irradiance-based absolute radiometric calibration method, the same as the reflectance-
based method, mainly relies on synchronous atmospheric parameters and the surface’s
reflectance measurements. The ratio of diffuse-to-global downward irradiance at the ground
level was measured to improve the reflectance-based method.

The apparent reflectance of the ZY3-02 satellite MUX p* (85, 85, ¢, — @5) can be ex-
pressed as:

P (85,00, A9) = Ty (ps, o) |p4(0s, 00, M) + W O]
where 05 is the solar zenith angle, s is the solar azimuth angle, 0, is the viewing zenith
angle, @ is the viewing azimuth angle, and A ¢ is the relative azimuth angle. p 4 (65, 0,, A@)
is the path reflectance contributed by atmosphere, S is defined as atmospheric spherical
albedo, Ty (s, pv) is the gaseous transmittance, T(js) is total transmittance from the solar
to the object, and T(p,) is the total transmittance from the object to the sensor.

T(us) can be expressed as:

2t 110 0
s Jo LG, ps, A@)pudydy  _ s Eg
T —=e M + 0 0 =e M 4 —

(ms) 15 Es usEs

@

where L? and Eg are the downward radiance and irradiance at the surface level by at-
mospheric scattering, ¢ is the atmospheric optical depth, and E; is the solar irradiance at
the TOA.
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The diffuse-to-global ratio from the solar to the object ; is defined as:

Ed(P‘S) _ Ed(ﬂs) (3)

IXS - - — 5
EG(]’[S) MS‘ES'e Us +Ed(‘u5)

where Eg (ys) is the global irradiance, E;(js) is the diffuse irradiance, and sE; fﬁi’;’é is the
direct solar irradiance.
E;(us) is defined as:

1 _4
Eq(ps) = 1-05 EQ(ps) + psEse” 5 -p-S (4)
—0S
The total transmittance from the solar to the earth 7(y;) can be expressed as:

(1- p~S)eV'%
1— g

T(ps) = 5)

According to the reciprocity principle, the total transmittance from the object to the
satellite sensor T(}y) can be expressed as:

)
1—p-S)e ™
() = LSS ©)
Now p*(65,0,, A@) can be expressed as:
_s _6
% e ks e M
P (85,00, 80) = Tg(ps o) | 485,00, 8@) + ——p(1 —p-5)- )
— Qg 1— oy

The TOA radiance L(6s, 0,, A@) can be expressed with apparent reflectance p* (05, 05, Ag):

(eS/ evz A(p)
rd?

*
L(6s,0,, Ap) = FeEsP ®)
where E; is the solar irradiance at TOA; ps = co0s6;, d is the earth-sun distance in astronom-
ical units.
Calculate the relationship between TOA spectral radiation and target DN based on
Equation (9):
L = Gain x DN + Bias 9)

where L is the TOA radiance, DN is the digital number got from MUX images, and Gain
and Bias are the radiometric calibration coefficients.

2.3. The Vicarious Radiometric Calibration Campaign

An improved calibration campaign using the irradiance-based method was performed
between June and July 2018 at Baotou calibration site on two separate days: 28 June, 3 July,
2018. Table 2 displays the solar-target-satellite acquisition geometric circumstances of
7Y3-02 satellite at Baotou Site. For this radiometric calibration endeavor, many radiometric
calibration tarps were created. At the satellite overpass, reflectance of the radiometric
calibration tarps, AOD, and the ratio of diffuse-to-global downwards irradiance at surface
level was observed.
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Table 2. Geometric conditions of the three ZY3-02 overpasses at Baotou calibration site in 2018.

. Satellite Overpass Solar Zenith Solar Azimuth V1ew'1ng Vlgwmg
Site Date Time (UTC) Anele Anele Zenith Azimuth
8 8 Angle Angle
Baotou 28 June 2018 03:35:22 20.497 146.015 5.872 208.995
calibration site 57,1y 2018 03:39:18 21573 145.360 ~1.394 151.594

Baotou calibration site is located 40.8°N and 109.6°E at about 1300 m above sea level.
Located in Inner Mongolia Province, China, and the flat area of the Baotou calibration
location is around 360 km?. [13]. This location is on flat terrain in a semiarid zone where
bare soil and sand predominate. [14]. A set of four gray-scale radio-metric calibration tarps
with nominal reflectance of 5%, 20%, 40%, and 60%, as well as two color-scaled tarps (red
and blue), were created and placed at this calibration site to be able to correctly calibrate
the ZY3-02 Satellite MUX. An ideal calibration tarp should be physically robust over time,
reasonably level, and homogeneous in spectrum terms, with little to no fluctuation in
the surface feature. [15]. For on-orbit absolute radiometric calibration, these radiometric
calibration tarps were built with quasi-Lambertian characteristics. Each calibration tarp
is 3600 m? in size, and the spatial variance of each radiometric calibration tarp is strictly
limited to less than 2%. Figure 3 depicts the bi-directional reflectance factor (BRF) measured
in laboratory of the 5%, 20%, 40%, and 60% calibration tarps. The spectral variance in
reflectance of these four tarps is less than 3%. [12]. The placement of the radiometric
calibration tarps is seen in Figure 4.

1.0

5%-tarp—— 20%-tarp—— 40%-tarp—— 60%-tarp

0.8

(=}
(=)
1

Reflectance

N
~
1

0.2

0.0

T T T T T T T
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Wavelength (nm)

Figure 3. The laboratory measured BRF of the calibration tarps.



Remote Sens. 2023, 15, 448 6 of 14

Figure 4. The spatial layout of the radiometric calibration tarps in this study at Baotou site.

2.4. Synchronous Reflectance and Atmospheric Parameters Measurements

The four gray-scale and two color radiometric calibration tarps were 3600 m?, covering
about 10 x 10 pixels in the MUX image. Each single tarp in this study was divided into 5 x 5
samples, and 25 samples were collected within 10 min by spectroradiometer. The SVC HR-
1024i spectroradiometer (spectral range of 350-2500 nm) collected the reflectance. Within
30 min of the satellite flyover time, the surface reflectance measurement was completed. It
is noteworthy that five spectra were collected in each sample of each single tarp; 750 spectra
of the calibration tarps were collected in every calibration campaign.

A CIMEL CE318 sun photometer was used to detect the total columnar water vapor
(CWYV) and aerosol optical depth (AOD) once every 3 min during the calibration campaign.
Table 3 and Figure 5 show the measurement of AOD and CWYV at Baotou site on 28 June 2018.

Table 3. Synchronous atmospheric parameters measurements.

Atmospheric Parameters Measured Measurement Results
Date 28 June 2018 3 July 2018
AOD @ 550 nm 0.2655 0.0760
CWV 1.2351 g/cm? 0.8132 g/cm?
+ AOD_1640nm = AOD_1020nm

0.5 AQD_$70nm AOD_670nm 3

045 +AOD_440nm = AOD_550nm 25
o 04 : © AQD_380nm » AOD_340nm ' rewv
2‘0_35 . . E 2
=3 " . et L= : - ? ........
E ST IR R 1T
8‘0152 M fi-::.*; T M §
= 02 . . ]
3 P S e OO RPN N g,
2015 =
@
< 01 0.5

0.05

0
0 2:33:24 2:52:48 307:12 3:21:36 3:36:00 3:50:24 4:04:48
2:38:24 2:52:48 3:07:12 321:36 3:36:00 3:50:24 4:04:48
i Time(UTC)
Time(UTC)
(a) AOD (b) CWV

Figure 5. Synchronous measurements of atmospheric parameters at Baotou site on 28 June 2018.
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2.5. Measurement of Diffuse-to-Global Irradiance Ratio

In this irradiance-based calibration campaign, the diffuse-to-global ratio at the ground
level was the most important parameter, which was measured by an AG-512 SSIR Solar
Spectroradiometer. The Chinese Academy of Sciences” Anhui Institute of Optics and Fine
Mechanics created the AG-512 SSIR Solar Spectro radiometer. It covered the spectral range
from 390 nm to 1030 nm with a spectral resolution of 5 nm. Figure 6 shows AG-512 SSIR
Solar Spectroradiometer. When the Solar Spectroradiometer was measuring the diffuse
irradiance Ly, the shading board would block the direct beam from solar automatically.
The Solar Spectroradiometer would measure the global irradiance Lejopar, and Leiopa, When
the shading board removed.

Figure 6. AG-512 SSIR Solar Spectroradiometer.
The diffuse-to-global irradiance ratio («) is defined as:

Lgig x2
=" (10)
Lglohul1 + Lgloba12

The diffuse-to-global irradiance ratio was monitored every minute. The synchronized
diffuse-to-global irradiance ratio measurements took almost two hours, from about 2:30 to
4:30 (UTM). Figure 7 shows the diffuse-to-total ratio measured by AG-512 SSIR.
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Figure 7. The measured spectrum of the diffuse-to-total ratio measured by AG-512 SSIR.

Using measured diffuse-to-global irradiance ratio a(A) and SRF of MUX R(A), the
diffuse-to-global irradiance ratio of each MUX band was calculated as shown in Table 4.

&(A)R(A)dA
Kpand = JaR(A)A (11)
J R(A)dA
Table 4. The diffuse-to-global irradiance ratio of each MUX band.
Time Diffuse-to-Global Irradiance Ratio
Direction

(UTM) MUX-B1 MUX-B2 MUX-B3 MUX-B4
03:35, 28 At solar zenith angle 0.2069 0.1792 0.1534 0.1419
June 2018 At viewing zenith angle a, 0.1802 0.1569 0.1345 0.1227

03:38, 3 At solar zenith angle 0.1625 0.1218 0.0978 0.0946
July 2018 At viewing zenith angle 0.1376 0.0997 0.0767 0.0705

3. Radiometric Calibration Results

The ZY03-02 MUX radiometric calibration coefficients were estimated using an irradiance-
based approach and the four nominal reflectance tarps. Figures 8 and 9 show the radiometric
calibration results at Baotou site on 28 June and 3 July, 2018. Four nominal reflectance tarps
were used for radiometric calibration and two color tarps were used for validation. The
difference between these two radiometric calibration coefficients is very small, and the linear
correlation coefficient between DN and TOA radiances is higher than 0.99 for each band of
7Y3-02 MUX. The calibration results of the irradiance-based method are reliable regardless of
high aerosol loading.
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Figure 9. Calibration results using irradiance-based method on 28 June 2018.

The findings of radiometric calibration utilizing the reflectance-based and irradiance-
based methods are displayed in Table 5. The findings demonstrated that on 3 July 2018,
the reflectance-based and irradiance-based radiometric calibration coefficients were very
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consistent. The difference between the two radiometric calibration coefficients of reflectance-
based and irradiance-based method were significant on 28 June 2018. Table 5 suggested
that coefficients of reflectance-based method on 3 July agreed well with coefficients of
irradiance-based method, indicating the error contributed by the assumption of aerosol
model parameters with a low aerosol loading (AOD less than 0.1) in the radiative transfer
model was very small.

Table 5. Different radiometric calibration coefficients using the reflectance-based and irradiance-based

2

method (in units of W x m~2 x sr™1 x pm™1).

Coefficient Irradiance-Based Reflectance-Based Ofﬁ.ci.al
3 July 2018 28 June 2018 3 July 2018 28 June 2018 Coefficient
Band Coefficients A Coefficients B Coefficients C Coefficients D Coefficients E
Gain Bias Gain Bias Gain Bias Gain Bias Gain
MUX-B1 0.2312 —3.886 0.2308 —4.558 0.2241 —2.223 0.2102 —6.887 0.2295
MUX-B2 0.2243 —0.867 0.2203 —3.936 0.2192 —0.333 0.2018 —5.039 0.2212
MUX-B3 0.2435 —-1.515 0.2411 —0.1687 0.2368 —1.361 0.2176 —-1.971 0.2413
MUX-B4 0.2215 —11.49 0.2261 —11.355 0.2186 —11.167 0.2026 —11.478 0.2110

4. Uncertainty Analysis
4.1. Uncertainty Analysis of the Reflectance-Based Method

The reflectance-based uncertainty table listed the major source of radiometric uncer-
tainty of the reflectance-based method (Table 6). Detailed descriptions of the uncertainty
were discussed as follows. There are several basic areas of uncertainty in the method:
(1) Surface reflectance measurement, (2) Atmospheric characterization, and (3) Inherent
accuracy of the MODTRAN 6.0 radiative transfer code.

Table 6. Sources of uncertainties in TOA radiance in the reflectance-based method.

Source of Uncertainty Accuracy % F{J(che:::g::;;:
Surface reflectance measurement 2.0% 2.0%
Lambertian assumption of targets 2.0% 2.0%

Aerosol optical depth 0.5%

Total columnar water vapor 0.5%
Aerosol type assumption 4.0%
MODTRAN 6.0 Radiative transfer 2.0% 2.0%
Overall Uncertainty 5.68%

The uncertainty in a single measurement of the surface reflectance with SVC HR1024
spectroradiometer is less than 2% [1]. Based on the laboratory calibration tarp BRDF
measurements, we can assign a 1.5% error accuracy for assuming a Lambertian calibration
tarp [12]. The second primary source of uncertainty in the reflectance-based method is
atmospheric characterization, which includes the aerosol optical depth measurement and
aerosol type assumption. The AOD and CWYV were retrieved by the CE318 software, and
a standard rural aerosol type in the MODTRAN 6.0 radiative transfer code was used in
this study. The two parameters of aerosol (AOD and aerosol type assumption) resulted
in uncertainties of TOA radiance less than 2.0% for AOD and about 4% for aerosol type
assumption, respectively. The inherent accuracy of the MODTRAN 6.0 radiative transfer
code is less than 1%.

All of the analyzed uncertainty sources above were assumed independent, and the
overall uncertainty in the TOA radiance in this reflectance-based approach is 5.68%, less
than 6%, as shown in Table 6.
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4.2. Uncertainty Analysis of the Irradiance-Based Method

The irradiance-based uncertainty table listed the major source of radiometric uncer-
tainty of the reflectance-based approach (Table 7). Detailed descriptions of the uncertainty
were discussed as follows. There are several basic areas of uncertainty in the method:
(1) Surface reflectance measurement, (2) Atmospheric characterization, and (3) Inherent
accuracy of the MODTRAN 6.0 radiative transfer code.

Table 7. Sources of uncertainties in TOA radiance in the irradiance-based method.

Source of Uncertainty Accuracy % F{J?li:::g::; 5/:
Surface reflectance measurement 2.0% 2.0%
Lambertian assumption of targets 2.0% 2.0%
Total columnar water vapor 0.5%
Aerosol optical depth 0.5%
The diffuse-to-global irradiance ratio 2.0%
MODTRAN 6.0 Radiative transfer 2.0% 2.0%
Overall Uncertainty 4.06%

The uncertainty in this method of the surface reflectance is less than 2%, and the 1.5%
error accuracy for assuming a Lambertian calibration tarp, as is the same as the reflectance-
based method. The AOD resulted in uncertainties of TOA radiance less than 2.0%. The
aerosol type with the diffuse-to-global irradiance ratio resulted in uncertainties of TOA
radiance less than 1.0%. The inherent accuracy of the MODTRAN 6.0 radiative transfer
code is <1%. All of the analyzed uncertainty sources above were assumed independent,
and the overall uncertainty in the TOA radiance in this irradiance-based method is 4.06%,
less than 5%, as shown in Table 7.

5. Comparison of TOA Radiance Predicted by Reflectance-Based and
Irradiance-Based Method

To validate the reliability of the calibration coefficients by irradiance-based method,
the TOA radiance of ZY3-02 MUX predicted by reflectance-based and irradiance-based
methods using radiative transfer model MODTRANG6.0 (MODerate resolution atmospheric
TRANsmission) was compared with the calculated TOA radiance using DN with the official
calibration coefficient of ZY3-02 MUX. Tables 8 and 9 show the difference between the
TOA radiance of six calibration tarps predicted by these two calibration methods and the
calculated TOA radiance using official calibration coefficient. Difference 1 is the difference
between the TOA radiance predicted by irradiance-based method and the calculated TOA
radiance using official calibration coefficient. Difference 2 is the difference between the
TOA radiance predicted by reflectance-based method and the calculated TOA radiance
using official calibration coefficient. As is shown in Tables 8 and 9, all the difference 1 on
two separated calibration days were less than 5%, and most difference 2 values were less
than 7% on 3 July 2018, but practically all the difference 2 values were more than 7%, and
the highest was over 17.51%.
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Table 8. Difference between the TOA radiance predicted by calibration methods and the calculated
TOA radiance using official calibration coefficient (3 July 2018).

Target W mia‘i‘?r‘ff < um-1) MUX-B1 MUX-B3 MUX-B3 MUX-B 4
Calculated TOA 65.822 50.012 35.426 20.012
Irradiance-based 65.341 49.206 34.852 19.895
5% tarp Difference 1 —0.73% —1.61% —1.62% —0.58%
Reflectance-based 64.526 48.505 33.342 19.61
Difference 2 —1.97% —3.01% —5.88% —2.01%
Calculated TOA 146.098 127.626 98.755 58.264
Irradiance-based 144.081 123.031 93.861 57.684
20% tarp Difference 1 —1.38% —3.60% —4.96% —1.00%
Reflectance-based 141.854 120.828 90.681 55.531
Difference 2 —2.90% —5.33% —8.18% —4.69%
Calculated TOA 229.874 214.558 177.232 117.828
Irradiance-based 224211 207.192 174.124 115.071
40% tarp Difference 1 —2.46% —3.43% —1.75% —2.34%
Reflectance-based 218.521 201.485 168.319 110.08
Difference 2 —4.94% —6.09% —5.03% —6.58%
Calculated TOA 91.283 72.367 131.224 94.394
Irradiance-based 90.049 70.925 127.276 90.788
Red tarp Difference 1 —1.35% —1.99% —3.01% —3.82%
Reflectance-based 87.426 68.377 123.261 88.734
Difference 2 —4.23% —5.51% —6.07% —6.00%
Calculated TOA 223.765 133.622 97.872 145.121
Irradiance-based 218.969 129.619 94.397 143.698
Blue tarp Difference 1 —2.14% —3.00% —3.55% —0.98%
Reflectance-based 216.247 126.458 92.22 138.771
Difference 2 —3.36% —5.36% —5.77% —4.38%
Table 9. Difference between the TOA radiance predicted by calibration methods and the calculated
TOA radiance using official calibration coefficient (28 June 2018).
Target Radiance MUX-B1 MUX-B3 MUX-B3 MUX-B 4
W xm2xsr1xpum1?
Calculated TOA 68.726 51.306 36.013 20.023
Irradiance-based 67.59 50.85 34.225 19.489
5% tarp Difference 1 —1.65% —0.89% —4.96% —2.67%
Reflectance-based 61.836 46.904 30.281 16.517
Difference 2 —10.03% —8.58% —15.92% —17.51%
Calculated TOA 134.76 115.368 88.776 56.212
Irradiance-based 130.538 112.446 86.215 54.141
20% tarp Difference 1 —3.13% —2.53% —2.88% —3.68%
Reflectance-based 123.162 105.054 81.214 50.573
Difference 2 —8.61% —8.94% —8.52% —10.03%
Calculated TOA 214.568 196.655 167.322 111.497
Irradiance-based 209.178 193.818 163.4 109.059
40% tarp Difference 1 —2.51% —1.44% —2.34% —2.19%
Reflectance-based 197.551 182.289 155.642 103.456

Difference 2 —7.93% —7.31% —6.98% —7.21%
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Table 9. Cont.

Target W x ml‘zai‘:‘r‘ff ‘um-l) ~ MUXBI MUX-B3 MUX-B3 MUX-B 4
Calculated TOA 86.965 67.396 116.577 84.146
Irradiance-based 84.997 64.606 113.47 80.395
Red tarp Difference 1 —2.26% —4.14% —2.67% —4.46%
Reflectance-based 77.812 59.349 105.871 75.345
Difference 2 —10.52% —11.94% —9.18% —10.46%
Calculated TOA 213.335 128.672 89.423 133.984
Irradiance-based 205.622 122.945 85.249 128.179
Blue tarp Difference 1 —3.62% —4.45% —4.67% —4.33%
Reflectance-based 191.101 114.291 78.266 120.191
Difference 2 —10.42% —11.18% —12.48% —10.29%

The assumption of the aerosol model in the radiative transfer model with a high
AOD brings errors in the prediction of the TOA radiance, so the difference between these
two TOA radiances using different methods was relatively high. This comparison also
suggested that the irradiance-based predicted TOA radiance using the radiative transfer
model was reliable and stable, no matter high or low aerosol loading. The irradiance-based
absolute radiometric calibration method demonstrated obvious improvement with the
reflectance-based method.

6. Conclusions

An improved calibration campaign using the irradiance-based absolute radiometric
calibration method between June and July 2018 at Baotou calibration site was presented
in this study. The linear relationship between DN of satellite sensor and TOA radiances
at each MUX band was established to obtain a stable and reliable absolute calibration
coefficient for MUX sensor.

The reflectance-based absolute radiometric calibration campaign was performed for
ZY3-02 MUX more than twice a year since July 2016 [12]. The calibration reflectance-
based should be updated when a new DN-to-radiance coefficient was determined in each
calibration campaign. In this study, two reflectance-based coefficients were obtained by the
two separate campaigns, and a discrepancy between these two coefficients was significant.
This study suggested that the reflectance-based radiometric calibration method is acceptable
when the aerosol loading in the atmosphere is relatively low (AOD is less than 0.1). If
the AOD is more than 0.25, the errors from the assumption of the aerosol model in the
radiative transfer model is too large, thus affecting the reliability and stability of radiometric
calibration results. The irradiance-based absolute radiometric calibration coefficients, on
the other hand, were both consistent and reliable in both separate campaigns, and showed
good consistency between the irradiance-based predicted TOA radiances using MODTRAN
6.0, regardless of high or low aerosol loading. In this study, distinct advantages of this
irradiance-based method were demonstrated for monitoring the radiometric characteristics
of ZY3-02 MUX. In future work, LASAC plans to conduct the radiometric calibration
campaign several times a year using irradiance-based method to obtained high-accuracy
and reliable calibration results.
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