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GNSS Remote Sensing Group of NSSC

Research domains: GNSS Remote Sensing

GNSS radio occultation (GNSS RO)

GNSS reflectometry (GNSS-R)

LEO-LEO microwave occultation (LMO)

Ground-based GNSS ion. & atm. Remote sensing

Research Goals:

Instruments development

GNSS remote sensing data application

Research partners:

China Meteorological Administration (CMA)

Institute of Atmosphere Physics (IAP), CAS

Wegener Center for Climate and Global Change (WEGC)

Geo Forschungs Zentrum (GFZ)

Institut d’Estudis Espacials de Catalunya (IEEC)

ESA, DMI, EMETSAT (ROM SAF)… …
GNSS RS Group, Prof Gottfried Kirchengast and Prof Jens Wickert

GNSS RS Group in IGL-1 2018 



FengYun



FY-3DFY-3C

GNOS
(GNss Occultation Sounder)
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(GNss Occultation Sounder II)

FY-3E FY-3F/R/G

Overview of GNOS payloads

GNOS M
(GNss Occultation Sounder Mini)

For small and micro satellites

FY-3C GNOS FY-3D GNOS FY-3E GNOS II GNOS M

Technology GNSS RO GNSS RO GNSS RO + GNSS-R GNSS RO

Total mass (kg) 14 14 25 6.3

Power (W) 40 45.5 55 20

GNSS systems GPS, BD2 GPS, BD2 GPS, BD2/3, GALILEO E1 GPS, BD2/3, GALILEO E1 E5

Open loop GPS L1 GPS L1, L2C BD B1 GPS L1, L2C, BD B1 GPS L1，BD B1，GAL E1



Overview of FY-3E GNOS II mission

FY-3C FY-3D FY-3E

Launch Time 2013/09 2017/11 2021/07

Orbit Morning orbit (SSO) Afternoon orbit (SSO) Early-morning orbit (SSO)

Altitude 836 km 836 km 836 km

Inclination 98.8° 98.8° 98.8°

 FY-3E is the first early-morning orbit operational 
weather satellite

 GNOS-II is one of the FY-3E 11 payloads

 GNOS-II has two side-pointed antennas for GNSS RO 
and one nadir antenna for GNSS-R

 Operational mission, data latency less than 3 hours



Timeline of FY-3E GNOS II mission:

 2021/07/05: satellite launched

 2021/07 to 2022/06: in-orbit testing 
phase

 2022/06/ to now: Operational 
running test phase

 2022/06/15: GNSS RO and GNSS-R 
data open to public

 2022/07/06: GNSS-R channel 8 was 
switched from receiving BDS to GAL.

 2022/08/17:  BDS RO datasets 
retrieved by close and open loop 
observations were online

The distribution of the GNSS RO events and 
GNSS-R specular reflection points on 28th July

Overview of FY-3E GNOS II mission



Timeline of Binhu GNOS M mission:

 2021/10/14: satellite launched

 2021/10 to now: in-orbit testing 
phase

 2021/10: GPS and BDS RO 
datasets were available  

 2021/12: Galileo  RO datasets 
were available

 2022/07: BDS RO datasets 
retrieved by close and open loop 
observations were available The distribution of the Binhu GNSS M RO events for 

BDS, GPS and Galileo systems on 17th August 2022

Overview of QX-1 GNOS M mission



Preliminary Results of GNSS RO

The comparison of the RO events per day of FY-3D, FY-3E and Binhu RO 
events on the 18 test days from 17th August to 3rd September 2022 



Statistical comparison among FY-3D, FY-3E and Binhu GNOS RO refractivity 
profiles taking NCEP FNL reanalysis model as reference atmospheric data 

Results of GNSS RO: refractivity



Results of GNSS RO: ionosphere 



Results of GNSS-R: DDM

Carrier frequency Modulation Chipping rate

GPS (L1 C/A) 1575.42 MHz BPSK 1.023 Mcps

BDS (B1I) 1561.098 MHz BPSK 2.046 Mcps

GAL (E1B) 1575.42 MHz BOC 1.023 Mcps

Unique waveform of BOC signal!

DDM over the ocean (incoherent scattering) DDM over sea ice (coherent scattering)



Results of GNSS-R: DDMA LES

Calibration:

 After calibration, observables 
(DDMA, LES) from each GNSS 
system have nearly same 
relationship vs. wind speed.

 GAL wind speeds are directly 
retrieved using the GPS GMF 
(GAL data are not enough for 
training now) 



Results of GNSS-R: Wind

 Retrieval results for 2022/7/7 – 2022/8/7

 Quality control on DDM SNR (GPS: -4dB, BDS: -4dB, GAL: -6 dB)



GNOS 

Reflectivity

MODIS NDVI

NDVIIGBP Landcover

GNOS Reflectivity

Results of GNSS-R : Reflection



BDS GPS

RMSE 0.0499 0.0494

Correlation coefficient 0.8932 0.8794

Results of GNSS-R : Soil Moisture



FY-3E GNOS II data archive

 The FY-3E GNOS II GNSS RO and GNSS-R data can be downloaded at the FENGYUN  Satellite 
Data Center (registration required)  
http://data.nsmc.org.cn/portalsite/default.aspx?currentculture=en-US

 GPS RO, GPS-R, BDS RO and BDS-R data available now.

http://data.nsmc.org.cn/portalsite/default.aspx?currentculture=en-US


Future Perspective

 FY-3E GNOS-II GNSS RO and GNSS-R has successfully passed the in-orbit 
testing phase 

 The datasets were available to the public, in which the BDS RO and GPS/BDS 
GNSS-R datasets are new GNOS data products

 Follow-up FY series satellites including FY-3F, FY-3G, FY-3H… will all carry 
GNOS-II to establish a constellation observing system

 Binhu GNOS M has successfully passed the in-orbit testing phase.

 The GNOS M refractivity profiles will be assimilated in the CMA GRAPES 
system soon. 


