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Cross Calibration of SDGSAT-1/TIS Thermal
Infrared Bands With FY-4A/AGRI

Min Zhu , Xue Zhao , Lu Zou, Fansheng Chen , and Zhuoyue Hu

Abstract—Launched in November 2021, the sustainable develop-
ment science satellite-1 carries the thermal infrared spectrometer
(TIS) as a pivotal payload. Achieving precise radiometric calibra-
tion for geophysical parameter accuracy is crucial. Leveraging
the frequent cross-calibration capability of the geostationary satel-
lite FY-4A/advanced geostationary radiation imager (AGRI), this
study addresses observational geometry challenges. The proposed
radiance correction model for FY-4A/AGRI effectively reduces ra-
diance discrepancies caused by differences in satellite zenith angles
between TIS and AGRI. After integrating the corrected data into
nadir-observed statistics, the long-term brightness temperature
(BT) bias of TIS and AGRI was monitored. The results show that
the daytime and nighttime BT bias exhibit similar trends, with
the B2 band mainly showing negative bias. Overall, the BT bias
for the B2 and B3 bands is within 1 K. The standard deviation of
the BT bias for approximately 2250 sample points was calculated,
revealing the values of 0.22 K and 0.40 K during the daytime,
and 0.31 K and 0.57 K at night. The introduced model error
remains below 0.31 K. Regarding the uncertainty of the BT bias
introduced by spectral matching, when the spectral broadening
is 1.15 times the wavelength interval, the uncertainty is less than
0.29 K for B2 and less than 0.38 K for B3. This work enhances
our understanding of radiometric calibration challenges, providing
insights into satellite-based geophysical parameter accuracy.

Index Terms—Advanced geostationary radiation imager
(AGRI), cross calibration, sustainable development science
satellite-1/thermal infrared spectrometer (SDGSAT-1/TIS), ther-
mal infrared (TIR), zenith angle correction.
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I. INTRODUCTION

THE Sustainable Development Science Satellite-1
(SDGSAT-1) is the world’s first scientific satellite dedicat-

ed to serving the 2030 agenda for sustainable development.
Equipped with three optical imagers, namely the thermal
infrared spectrometer (TIS), multispectral imager for inshore,
and glimmer imager for urbanization, it enables long-term
continuous observation of the Earth. The TIS, with a resolution
of 30 m and a swath width of 300 km, is a critical payload aboard
SDGSAT-1 [1]. TIS features three long-wave infrared bands:
B1 (8.0–10.5 μm), B2 (10.3–11.3 μm), and B3 (11.5–12.5 μm),
as shown in Table I. In comparison with other thermal infrared
(TIR) sensors, TIS stands out due to its higher resolution and
wider swath width. The data generated by TIS are valuable
for applications in environmental monitoring and ecological
assessment, establishing its significance in advancing our
understanding of Earth’s dynamics in support of sustainable
development goals.

According to the prelaunch testing results, TIS exhibited
excellent performance, with noise equivalent temperature dif-
ference (NEdT) values of 0.034 K, 0.047 K, and 0.076 K for the
three bands at 300 K, respectively.[1]. Ensuring the reliability
and sustainable development of research and applications in the
field of radiometry hinges on precise radiometric calibration.
Calibration coefficients can be obtained through prelaunch labo-
ratory experiments. However, after launch, satellite sensors may
degrade over time due to changes in the satellite’s environment,
leading to potential alterations in sensor calibration coefficients.
Cross calibration provides an effective method for selecting
appropriate reference instruments, facilitating quality assess-
ment, stability monitoring, uncertainty analysis, and calibration
corrections for the target instrument [2].

Meteorological satellites equipped with remote sensing in-
struments enable long-term continuous Earth observation. FY-
4A is China’s second-generation geostationary orbit meteoro-
logical satellite. The advanced geostationary radiation imager
(AGRI) is a primary instrument on the FY-4A satellite. Featur-
ing a precisely designed dual-mirror structure, AGRI conducts
accurate and flexible sensing in rapid sector scans at 2-D and
small-scale levels. It comprises 14 spectral bands, with a 1-km
resolution in the visible-near-infrared band, 2-km resolution
in the shortwave infrared bands, and a 4-km resolution in the
TIR bands [3]. In terms of spatial and temporal resolution,
AGRI surpasses its predecessor, the S-VISSR radiometer on
the FY2 series satellites, which had one visible light and four
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TABLE I
INSTRUMENT CHARACTERISTICS OF SDGSAT-1/TIS AND FY-4A/AGRI

Fig. 1. Spectral response function of TIS and AGRI.

infrared channels, completing a full-disk image within 30 min.
AGRI provides full-disk scans within 15 min and rapid scans
of China at 5-min intervals [4]. AGRI has stable performance,
with the noise in the main infrared bands being better than 0.2 K
when the target temperature is 300 K [5]. According to the
results of daily and monthly cross calibration between AGRI and
METOP C/infrared atmospheric sounding interferometer (IASI)
by NSMC-GPRC (GSICS Processing and Research Center), the
difference of BT between AGRIs CH_12 channel and IASI from
2022 to 2024 is less than 0.6 K, and the difference between
CH_13 channel and IASI is less than 0.4 K. Given the spectral
overlap between AGRI and TIS, as illustrated in Fig. 1, in this
study, we use AGRI as the sensor for comparison with TIS.

II. DATA AND METHODS

The key factors influencing the accuracy of cross calibration
include the consistency of spectral responses corresponding to
each channel and the consistency of observational targets and
geometric states [6]. The specific process of cross calibration

Fig. 2. Process of cross calibration.

is illustrated in Fig. 2, consisting primarily of three compo-
nents: data matching, data conversion, and calibration accuracy
assessment. The data used in the study are all from clear-sky
conditions.

A. Data Matching

The data matching process involves aligning samples from
cross-observed areas of two satellites and selecting suitable
samples to ensure temporal, spatial, and geometric consistency
as much as possible [7]. This is a critical step in the cross-
calibration process, directly impacting the accuracy of cross
calibration. We first resampled the TIS image, resulting in a
spatial resolution of 4 km. By using the latitude and longitude
information of the target image, projection calculations are
performed to determine the row and column information of the
target area. Therefore, when performing the spatial matching
between TIS and AGRI, the minimum spatial area containing
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the target TIS pixel can be determined based on the latitude
and longitude information of the AGRI. Within this region, a
point-by-point comparison is conducted to identify the most
suitable AGRI pixel for matching. In addition, the uniformity
of target features is another important factor influencing cross-
calibration accuracy. As the FY-4A satellite is in a geostationary
orbit (observing at 104.7°E subpoint) [8], clouds within the
target area are constantly moving. To minimize uncertainties
caused by spatial variations, only pixels from uniform scenes are
chosen for cross calibration. The following formula is employed
as a criterion to determine the uniformity of scenes:

RSTDTarget =
STD (Target)

MEAN (Target)
< max_RSTDTarget. (1)

In (1), Target represents the environmental region (5∗5 pix-
els), STD stands for standard deviation, MEAN denotes the
mean value, RSTDTarget indicates the relative standard deviation,
and max_RSTDTarget serves as the threshold, with a selected
value of max_RSTDTarget = 0.05.

During cross calibration, the average radiance of AGRI within
the region is compared with the average count value of TIS
observations in DN. Using the environmental average helps
mitigate the impact of positioning deviations. Following the data
matching and uniformity checks, suitable matching samples for
cross calibration of AGRI and TIS can be obtained.

B. FY-4A/AGRI Radiance Correction

Data conversion involves the correction of the radiance of
FY-4A/AGRI and spectral matching operations.

Due to the sun-synchronous nature of TIS and its revisit cycle
of 11 days, the quantity of simultaneously observed data samples
under the FY-4A subpoint is limited. Therefore, considering
the inclusion of large plateau lakes, such as Qinghai Lake, in
the statistical data is essential to obtain absolute radiometric
calibration accuracy results at observation points. In general, as
the zenith angle increases, the path from the observation point
to the satellite traverses a thicker atmospheric layer, leading to
an increased atmospheric effect that affects the propagation and
measurement of radiation [9]. To mitigate the influence of the
atmosphere on radiation measurement results, we conducted
simulations based on MODTRAN to obtain radiance under
different observation zenith angle conditions. Using (2), the
ratio of brightness temperature (BT) differences under different
observation zenith angles is calculated

RVZAθ =
LVZAθ − LVZA0

LVZA0
· 100%. (2)

In (2), RVZAθ represents the ratio of AGRI image radiance
difference under satellite viewing zenith angle (VZA) θ, LVZAθ

denotes the radiance value of AGRI image when the satellite
observation zenith angle is θ, and LVZA0 represents the radiance
value of the AGRI image at the satellite subpoint.

For the specific geometric differences introduced by the satel-
lite observation zenith angle, this study conducts a quantitative
analysis based on the trend of radiance differences with the
change in zenith angle, as depicted in Fig. 3. By establishing
a model for the satellite zenith angle–radiance difference ratio,

Fig. 3. Relationship between FY-4A/AGRI radiance difference ratio and VZA.

it is employed to analyze the impact of satellite zenith angle vari-
ations on radiance values, as expressed in (3). Lcorrect represents
the radiance of FY-4A/AGRI corrected by the model

RVZA (θ) = a+ b · e−θ/c (3)

Lcorrect = L · (1−RVZA (θ)) . (4)

In (3), a, b, and c are the model coefficients, and their values
are listed in Table II.

C. Calibration Accuracy Assessment

Spectral response matching is a crucial factor influencing
the accuracy of cross calibration, as different spectral response
functions can lead to varying response signals for the same
input [10]. Using the MODTRAN atmospheric radiative transfer
model, radiation spectral distributions under different atmo-
spheric conditions are calculated to ensure that the selected
samples cover a broad range of possible atmospheric scenarios.
The simulated radiation spectral samples are convolved with the
spectral response functions of TIS and AGRI, respectively, to
obtain the corresponding radiance. The relationship between the
radiance of AGRI and TIS radiance is established as follows:

LB2
TIS = A1 · LCH_12

AGRI +B1 (5)

LB3
TIS = A2 · LCH_13

AGRI +B2 (6)

where LAGRI represents the radiance corrected by (4), and A and
B denote the spectral matching factors obtained through the least
squares method, which are listed in Table III.

The BT of TIS can be obtained through the inverse Planck
function [11]

LTIS = k ·DNTIS + g (7)

BTTIS =
K2

ln
(

K1

LTIS
+ 1

) . (8)
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TABLE II
COEFFICIENTS OF (3)

TABLE III
VALUES OF THE SPECTRAL MATCHING FACTORS AND RADIOMETRIC CALIBRATION COEFFICIENTS OF TIS

TABLE IV
COMPARISON OF BT BIAS BEFORE AND AFTER CORRECTION

In (7), k and g represent the radiometric calibration coef-
ficients of TIS, which are listed together with K1 and K1 in
Table III.

The BT bias BTTIS−AGRI is obtained through (7)

BTTIS−AGRI = BTTIS − BTAGRI. (9)

III. RESULTS AND DISCUSSION

Based on the data and methods provided in Section II, we pro-
cessed the TIR channel data from TIS and AGRI for the period
from November 2021 to November 2023. Previous studies have
already identified a correlation between BT bias and scene BT.
Here, we utilize the local mean of statistical data to characterize
the BT bias in the TIR channels of AGRI and TIS.

A. FY-4A/AGRI Radiance Correction Results

Equation (3) allows for the specific quantification of the chan-
nel BT error introduced by differences in satellite observation
zenith angles. It is observed that when the observation zenith
angle deviates by less than 15° from the nadir, the percentage
difference in BT is approximately −0.05%, resulting in a chan-
nel BT error of about 0.15 K.

The satellite zenith angle–radiance correction model ensures
that all other conditions remain constant except for the satel-
lite observation zenith angle. At the Qinghai Lake observa-
tion point, the difference in satellite observation zenith angle
is approximately 43°, at the Selincuo Lake, it is around 41°,

and at Namtso Lake, it is approximately 39°. Selecting these
locations with relatively similar zenith angle differences and
minimal temporal differences for comparison before and after
correction, it is observed that the BT differences are consistent
after correction. The BT bias before and after correction is shown
in Table IV, indicating that the BT differences after correction
are significantly lower than those before correction.

B. TIS-AGRI BT Bias

Due to TIS being on a sun-synchronous satellite with an 11-
day revisit cycle, the data sample size for observations under
the FY-4A satellite is limited. In this study, while selecting data
samples under the satellite subpoint (0°,104.7°E), as shown in
Fig. 4, we utilized the radiance correction model described in
(4) to correct non-sub-point data, thereby expanding the dataset.
Non-sub-point data include observations from Qinghai Lake and
Selincuo Lake. The reason for selecting data from these clear-
sky, high-altitude lakes is to minimize the atmospheric impact
on sensor radiance. The selected data are from January 2022 to
February 2024, as shown in Figs. 5 and 6. Total 45 sets of TIS
and AGRI data were used, with a total of 2250 samples.

Figs. 5 and 6 show the results of cross calibration of TIS using
AGRI during daytime and nighttime, respectively. The BT bias
for B2 and B3 is both within 1 K, with the standard deviation
values of 0.22 K and 0.40 K in the daytime, and 0.31 K and
0.57 K at night.
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Fig. 4. Conceptual diagram of cross calibration between TIS and AGRI at subsatellite points.

Fig. 5. Long-term periodic variation in BT bias of the B2 and B3 channels in
the daytime.

According to the results of cross calibration of FY-4A/AGRI
with IASI, a well-calibrated hyperspectral radiometer, the BT
bias between AGRI and IASI depends on the target temperature.
For higher BTs, the bias is smaller and more stable, while it
increases for lower BT values [8]. As depicted in Fig. 5, during
summer, the differences in BTs between TIS bands B2 and
B3 and those of FY-4A/AGRI remain within 0.5 K during the
daytime, which is smaller than in other seasons. This is mainly
because the target temperatures observed by the reference sensor
FY-4A/AGRI are higher during summer daytime.

The nighttime BT bias for B2 and B3 channels is depicted in
Fig. 6. The variation trend of BT bias between TIS and AGRI
during the nighttime is consistent with the daytime trend.

The positive BT bias in the daytime of B3 is smaller than the
BT bias at night. It was observed that the BT bias for band B2 ex-
hibited negative differences during both daytime and nighttime,
indicating that the BT of the TIS was lower than AGRI.

Fig. 6. Long-term periodic variation in BT bias of the B2 and B3 channels
during the nighttime.

C. Uncertainty Assessment

The uncertainty of cross calibration is analyzed from the
aspects of TIS instrument background response, MODTRAN
simulation, TIS image resampling, and spectral response match-
ing of TIS and AGRI.

For TIS radiometric calibration, since the first step in cal-
culating incident radiance using the calibration equation is to
remove the instrument’s background response, the subsequent
ability to apply high-precision radiance depends not only on
the uncertainty of radiance calibration resulting from black-
body temperature calibration but also on the stability of the
background response. By monitoring the response output of
the blackbody temperature, the variation of the background
response is observed, with stability higher than 0.1 K. According
to the output from the 250 K blackbody, the uncertainty of the
background response leads to a calibration accuracy of less than
0.2 K [12].
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Fig. 7. Images (18 July 2023) captured by FY-4A and TIS in the Qinghai Lake region. (a) Image captured by FY-4A that includes the Qinghai Lake region. (b)
FY-4A image in Qinghai Lake region. (c) TIS image in Qinghai Lake region.

TABLE V
RESULTS OF BT DEVIATION CALCULATIONS FOR THE QINGHAI LAKE REGION UNDER WINTER AND SUMMER ATMOSPHERIC CONDITIONS

The satellite observation zenith angle radiance correction
model is based on MODTRAN. Since it employs an atmo-
spheric transmission model, this study provides a brief analysis
of errors introduced by the atmosphere. The maximum error
introduced by the atmosphere is calculated by considering the
BT differences under two extreme conditions. Fig. 7 depicts
the images of Qinghai Lake captured by FY-4A in the visible
wavelength band and TIS. Table V presents the results of the
BT bias calculations for the Qinghai Lake region (as shown in
Fig. 7, captured by AGRI and TIS) under winter and summer
atmospheric conditions, with the calculation coefficients, as
listed in Table II.

The maximum BT uncertainty introduced by the atmospheric
model is determined to be 0.31 K.

Due to the resampling of the TIS image, the spatial resolution
of TIS has decreased to 4 km, which may introduce uncertainty
in the calculation of BT bias for TIS-AGRI. In order to avoid
the influence of satellite observation zenith angle on uncertainty
estimation, we selected the TIS image near (0°,104.7° E) to eval-
uate the uncertainty. The selected sea surface data are relatively
uniform. The uncertainty introduced by the resampling of B2 is
0.08 K, and the uncertainty of B3 is 0.09 K.

We analyzed the uncertainty of BT bias that may be introduced
by spectral matching, as shown in Fig. 8. When analyzing the
uncertainty introduced by spectral response matching, keeping
the AGRI spectral response function unchanged, broadening and
contracting the TIS spectral response function to change the
spectral matching factor. The B2 band is less affected by spectral
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Fig. 8. Uncertainty of BT bias introduced by spectral matching of TIS and
AGRI.

response matching than B3. When the spectral broadening is
1.15 times the wavelength interval, the uncertainty of B2 is less
than 0.29 K and B3 is less than 0.38 K.

IV. CONCLUSION

The article discusses the long-term on-orbit radiometric
calibration accuracy comparison between FY-4A/AGRI and
SDGSAT-1/TIS. Due to AGRIs’ observations at the nadir point
under the E104.7° longitude satellite, and SDGSAT being a sun-
synchronous orbit satellite with limited data at the nadir point, a
radiance correction model for FY-4A/AGRI is proposed in this
study. This model can to some extent mitigate the impact of
geometric inconsistencies between AGRI and TIS observations,
enabling the utilization of data from uniform regions, such as
Qinghai Lake, Selincuo Lake, and Namtso Lake.

Through long-term observations, it was found that the BT bias
for B2 and B3 remained within 1 K. Overall, the on-orbit cali-
bration accuracy of TIS using AGRI for monitoring is satisfac-
tory. During the daytime in summer, when target temperatures
are higher, the BT bias is within 0.5 K, which may be due to the
higher precision of FY-4A/AGRI observations when targeting
higher temperatures. Error calculations for Qinghai Lake data
introduced into the model are performed under summer and
winter atmospheric conditions. The calculated model-induced
uncertainty is found to be less than 0.31 K and the uncertainty
introduced by spectral matching is less than 0.4 K.
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