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Objective

• THE GF-5(GAOFEN-5) satellite is the latest satellite to achieve hyperspectral resolution 
observations in the CHEOS (China High-Resolution Earth Observation System.)

• It was successfully launched from the Taiyuan Satellite Launch Center in May 2018

• GMI is mainly used to obtain global column concentration data on the GHGs carbon 
dioxide (CO2) and methane (CH4)



Objective

• the GMI payload on the GF-5 satellite adopts a novel form of spectroscopy, namely, 
SHS, to obtain the atmospheric absorption spectrum.

• The mechanism of the GMI is different from TANSO-Fourier transform spectroscopy 
(FTS)/GOSAT (Michelson interferometer) and OCO-2 (Grating), the data processing 
algorithms are quite different.

• The main objective is to introduce the processing algorithm for the Level 1 product 
(radiance spectrum) developed for the GMI and to discuss the first results of the 
hyperspectral-resolution spectrum from the GMI.



Overview of the GMI

• the GMI payload on the GF-5 satellite adopts a novel form of spectroscopy, namely, SHS, 
to obtain the atmospheric absorption spectrum.

• Compared with a conventional Michelson interferometer, the SHS interferometer 
replaces the moving mirrors with diffraction gratings, resulting in extremely high spectral 
resolution within a narrow band.

Instrument



Overview of the GMI

Instrument

Specifications
Values

Band 1 Band 2 Band 3 Band 4

Detected gas O2 CO2 CH4 CO2

Band range (μm） 0.759-0.769
1.568-

1.583
1.642-1.658 2.043-2.058

Spectral resolution (cm-1) 0.6 0.27

SNR (albedo=0.3; sun elevation=30°) 300 250

Radiometric calibration absolute accuracy: 5%, relative accuracy: 2%

FOV 14.6 mrad (10.3 km @ 705 km)

Scan Cross track ( , Along track ( )

Observation modes Nadir: 1, 5, 7, 9 points (default mode is 5 points); Sun glint;  Calibration

Number of detector pixels 1024×1024 512×640 512×640 256×320

Specifications of the GMI



Overview of the GMI

To improve the data accuracy, the GMI is going to carry out a calibration, the 2-D tracking 
mirror is adjusted from the nadir/sun-glint observation mode to the calibration mode

Instrument



Overview of the GMI

• Level 0: The original data obtained by 
the GMI are in the form of an 
interferogram

• Level 1: The radiance spectrum 
obtained through the processing of 
error correction, Fourier transform, 
spectral calibration, and radiation 
calibration of the satellite downloaded 
detection data

• Level 2: global column concentration 
distribution data of CO2 and CH4

• Level 3: the global carbon flux and 3-D 
distribution of CO2 and CH4

Products
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Level 1 Processing Algorithm



Level 1 Processing Algorithm

ZPD position different from  the normal value

Data Screening

ZPD Deviation

Low SNR

Saturation Detection

Spike Noise

Correlation Coefficients

Low SNR which is sampled above surface with low reflectivity

Saturated by an area with high reflectivity or cloud coverage

With spike noise influenced by the space environment 

Without effective modulation information



Level 1 Processing Algorithm

Interferogram Processing

Bad Pixel Correction

Baseline Elimination

Flat-Field Correction

Phase Correction

Apodization
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Level 1 Processing Algorithm

Interferogram Processing
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Level 1 Processing Algorithm

Interferogram Processing

Bad Pixel Correction

Baseline Elimination

Flat-Field Correction

Phase Correction

Apodization



Level 1 Processing Algorithm

Interferogram Processing

Bad Pixel Correction

Baseline Elimination

Flat-Field Correction

Phase Correction

Apodization

• The SHS interferometer adopts the area array detector to 
collect the interference fringes simultaneously. This method 
has better stability, but at the same time, it also introduces a 
nonuniform response factor that the Michelson 
interferometer does not have

• The traditional flat-field method is not applicable, To solve 
the problem of SHS flat-field correction, the balanced arm 
flat-field method has been used



Level 1 Processing Algorithm
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Level 1 Processing Algorithm
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Level 1 Processing Algorithm
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Level 1 Processing Algorithm

Spectrum Recovery



Geometric correction algorithms

• L1: the observation point is tangent to the coastline 
and is located on the land, which reflectivity is high

• L2 (the observation point is tangent to the coastline)

• L3: the observation point is tangent to the coastline 
and is located in the ocean, which reflectivity is weak

Method



Geometric correction algorithms

Results



Level 1 Product Results

• sun-synchronous orbit at an altitude of 705 km with an equatorial crossing local time
descending node (LTDN) of 13:30

• completes an orbit in approximately 100 min and operates on a global basis with a 7-
day orbit repeat cycle but with a 51-day footprint revisit cycle

• 1–9 cross-track points within +/−35◦of nadir, yielding an ∼750-km cross-track range

Satellite



Level 1 Product Results

Spectral Resolution
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Level 1 Product Results

SNR



Level 1 Product Results

SNR



Level 1 Product Results

Spectral Stability



Level 1 Product Results

L1 Product

The independent absorption lines are consistent, and the difference in radiation brightness 
is small. However, the spectral resolution of the two instruments is not the same, so there 
is a certain difference in the depth of the absorption peak



Retrieval Results



Retrieval Results

The GMI global atmospheric CO2
measurement results in spring
basically cover the land area within
the latitude of 70 °, and have a good
manifestation of the difference of
CO2 concentration between the
northern and southern hemispheres.
Due to the influence of vegetation in
the northern hemisphere in summer,
the CO2 concentration in the
northern hemisphere is often higher
than that in the southern
hemisphere.



Retrieval Results



Plans

• Enhance the collaborative application of greenhouse gas monitor load GMI and aerosol 
detector load DPC data on Gaofen 5 satellite;

• Explore the flux calculation of greenhouse gas load GMI and the analysis of global carbon 
sources and sinks

Data source: Friedlingstein et al. 2021 Global Carbon Budget 2021. Earth System Science Data.

https://doi.org/10.5194/essd-2021-386


Thank you!


