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Table 1 Status of operational FengYun satellites
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Fig. 1  Core technology chain of FengYun satellites from observations to applications
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Fig. 2 Diagram of FengYun satellite navigation and

positioning principle
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Fig.3 Schematic diagram of geolocation technology for FY—
3D/E/F/G satellites (FY-3D: sun—synchronous afternoon
satellite, FY=3E: early morning orbit satellite,
FY-3F: sun—synchronous morning satellite, FY-3G:

inclined orbit satellite )
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Fig. 5 Conceptual diagram for the calibration of satellite remote sensing instruments
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Fig. 6 Schematic diagram of laboratory calibration technique
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Fig. 8 Theoretical framework of geophysical parameter retrieval
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FengYun satellites: From observations to quantitative applications
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Abstract: Presently, China has successfully launched a total of 21 FengYun meteorological satellites of two generations and four types,
thereby becoming the only country in the world to operate four civil meteorological satellites in near-Earth orbit concurrently in the
morning, afternoon, early morning, and inclined orbits. Furthermore, China has achieved the mode of having multiple satellites in orbit in
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geostationary orbit, operating in a coordinated manner, backing up each other, and enhanced observations as necessary. The impact of the
FengYun satellites has been far-reaching, extending to various fields such as meteorological disaster prevention and mitigation, climate
change response, ecological civilization construction, and governmental decision-making services. Notably, they have played a pivotal role
in supporting the construction of the ‘One Belt, One Road’ initiative and the establishment of a community of shared destiny. This paper
focuses on the scientific problems and development trends that need to be solved from observations to quantitative applications of FengYun
satellite, and describes some innovations of key technologies for quantitative applications of FengYun satellite in four aspects, namely,
navigation and positioning, high-precision calibration, geophysical parameter retrieval, and spectralized applications.

Navigation and positioning technology forms the basis for the quantitative application of FengYun meteorological satellite images,
thereby resolving the issue of accurately identifying the observation target. The geometric positioning model is constructed using parameters
such as satellite position and attitude, and the geometric model is corrected by using landmarks and sea-land boundary alignment to obtain
the geographic coordinates of any pixel in the image in the geoidal coordinate system. This enables the high-precision positioning of the
target of satellite observation. The analysis identified satellite orbit and attitude measurement errors, instrument installation errors, time
errors, and scanning angle measurement errors as the primary factors contributing to deviations in image navigation and positioning.

High-precision calibration of satellite remote sensing instruments is defined as the process of verifying and adjusting the observation
data of remote sensing instruments to ensure optimal accuracy and stability. In the narrow sense, calibration entails the establishment of an
accurate quantitative relationship between the input radiant energy and the instrument response voltage during the observation process. This
enables the precise measurement of the radiant energy of the observation target through the variation of the instrument response during
satellite observation to Earth. The calibration process encompasses various methods, including laboratory calibration, on-board calibration,
active external calibration, and alternative calibration.

Geophysical parameter retrieval is the study of the theory and method of using electromagnetic wave signals of surface features, clouds
and atmosphere, acquired by remote sensing sensors, to convert them into geophysical parameters that are easy to understand and apply. In
essence, it is an inverse solving process of the observed signals, i.e. starting from remote sensing observation, with the help of mathematical
or physical models, linking the remote sensing information with the physical state parameters, and quantitatively extracting or extrapolating
the parameter process of the physical state and movement of the ground surface, clouds, and the atmosphere. At present, the inversion
methods mainly include physical inversion based on radiation transmission mechanism and data-driven statistical inversion based on two
types of methods.

Spectralized applications technology have been researched and applied to meet the needs of different users by development of SMART
(Satellite Monitoring, Analysis and Remote sensing Tools), SWAP (Satellite Weather Application Platform), and ‘FengYun Earth’ lightweight
application platform to realise the ‘last kilometre’ of business application of FengYun satellite data.

Key words: FengYun satellites, observation, positioning, calibration, retrieval, quantitative applications, ground segment
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