
 
Lei Yang, Chengbao Liu, Zhongdong Yang, Min 

Guan and Ronghua Wu 
National Satellite Meteorological Center ,CMA 

 
 2015 CSPP-IMAPP Users Group Meeting 
14-16 April, DARMSTADT 2015, German 

 
  
 
 

FY-3C VIRR /MERSI Geolocation and  
Fengyun Satellite Program Future Plan 



Outline 

 Introduction 

 Instrument Geometry 

 Geolocation algorithm and Error analysis 

 On-Orbit Geometric Characterization 

  FengYun satellite Program and its Future Plan 

 Conclusions 



3 

ok 
FY-3 has 11 Instruments 
 
Atmospheric sounding 

Microwave Imaging  

 Ozone sounding 

 Radiation budget for Earth system 

Spatial Resolution from 1 Km to 250m 

Global data acquisition latency : 1.5 hours   

Fengyun LEO 

FY-3A (mid-morning) was launched in 2008, 

FY-3B (Afternoon) was launched in 2010, 

FY-3C (mid-morning) was launched in 2013. 
Prototype structure of FY-3 

FY-1: Retired 
FY-3: 2nd Generation 
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• Provide important 
meteorological products, 
for weather forecasting, 
climate research, 
disaster monitoring and 
environmental 
monitoring. 

• VIRR and MERSI 
(250m/1km spatial 
resolution) are two 
important payloads 
with the spectral bands 
covering visible, near-
infrared and infrared 
spectral ranges.  

FY-3C Configuration 
FY-3 OPERATIONAL SATELLITE INSTRUMENTS FY-3C 

MERSI – Medium Resolution Spectral Imager  (I, II) √(I) 

MWTS  –  Microwave Temperature Sounder (II) √ 

MWHS – Microwave Humidity Sounder (II) √ 
MWRI – Microwave Radiation Imager √ 
WindRAD - Wind Radar 

GAS -   Greenhouse Gases Absorption Spectrometer 

HIRAS – Hyper spectral Infrared Atmospheric 
Sounder 

OMS – Ozone Mapping Spectrometer 

GNOS –  GNSS Occultation Sounder √ 

ERM  – Earth Radiation Measurement (I, II) √(I) 

SIM  – Solar irritation Monitor  (I, II) √(I) 
SES – Space Environment Suite  √ 
IRAS – Infrared Atmospheric Sounder √ 
VIRR – visible and Infrared Radiometer √ 
SBUS – Solar Backscattered Ultraviolet Sounder √ 
TOU – Total Ozone Unit  √ 



Instrument Level Satellite Level 

Line of sight Intersection between the Line of 
sight and the Earth Figure 

FY-3C was launched on 23th Sep. 2013. All 9 payloads’ data geolocation have 
been done with multi-thread in the ground operational system. 

FY-3C Image Geolocation 



FY-3A/B geolocation has achieved 1 pixel at sub-satellite point. But there is still some 
errors  in the edge of  the orbit. 



Main Error： 

1、GPS Measurement 
2、Star Trackers 
3、Time  

20~50m 
15’’->0.125km 

40m 
4、Mis-alignment 

1/5 pixel 
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FY-3C Geolocation Error 

Main Err Source 



Parameter 
（arcsec） 

At Launch 

（27th Sep. 2013） 
First Update 

（27th Nov. 2013） 
 Roll 410.4 273.6 
Pitch 0 342 
Yaw 0 0 

Table 1   FY-3C VIRR Mis-alignment Matrix Update 
Second Update 

（19th Dec. 2014） 
123.1 
328.3 

0 

            Global landmark                                     Hainan Island 

Parameter 
（arcsec） 

At Launch 

（27th Sep. 2013） 
First Update 

（2nd Oct. 2013） 
 Roll 993.6 993.6 
Pitch -993.6 -993.6 
Yaw 0 0 

Table 2   FY-3C MERSI Mis-alignment Matrix Update 
Second Update 

（29th Dec. 2014） 
621.0 

-968.76 
0 



FY-3C Geolocation 
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Equation： 

To min： 

Mis-alignment 

R
 R


∆

Mis-alignment 

Fig.1 Mis-alignment Parameters Equation 

d

ˆ Idea line of sight 

Real line of sight 

Satellite position Satellite 

Satellite Earth 

Fig.2 Coordinate used in Mis-alignment 
Parameters Adjustment Algorithm 



Before Update After Update 
2013_1126_0300 

FY-3C Geolocation：2 pixel         1 pixel     Image Edge 



Before After 

2013_1126_0300 

FY-3C Geolocation—sub pixel   at Nadir 



Before After 
2013_1126_0135 

FY-3C Geolocation：3 pixel         1 pixel     Image Edge 



FY-3C Geolocation Improve the Data Application Effect 

Fig.1 Fire Detection in Tibet on 31st Jan. 2014 

Position：Motuo County/Chayu County             Chayu County 
 
Fire Type：Forest              Forest&&Grassland 



FY-3C DEM Correction 
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Fig.1 Geometry of the terrain correction algorithm 

  

(a) Marked part is enlarged in right.                 (b)Based on ellipsoid                            (c) After terrain correction 

Fig.2 Geolocation of VIRR_20141115_0435 based on ellipsoid and topography 



(a) Before                       (b)After 

FY-3C MWHS/MWTS Pointing Correction At Launch 

At launch, we found that FY-3C MWHS /MWTS pointing direction error 
occurred. By on-orbit software correction, MWHS pointing goes on well now. 
But, MWTS has some error due to the mechanic rotating system on the 
payload. 



MWTS MWHS VIRR 

MERSI MWRI 
IRAS 

TOU SBUS ERM 

All 9 payloads data geolocation are in operation in the CMA ground system. 



FengYun Satellite Program and its Future Plan 



  
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 
  

CURRENT CMA GEO SATELLITES 

96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 

FY-2C 

FY-2D 

FY-2E 

FY-2F 

FY-2A 

FY-2B 

Operational  

Orbit storage or  partially Operational  

Extended service 

Test or partially Operational  
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FY-2H 



  
 
 
 
 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 

CURRENT CMA LEO SATELLITES 

88 89 90 91 …
… 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 

FY-3A 

FY-3B  

FY-3C 

FY-3D 

Operational  

Orbit storage or  partially Operational  

Extended service 

FY-1A 

FY-1B 

FY-1C 

FY-1D  

Test or partially Operational  
 
 



  
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 
  

CMA GEO SATELLITES FROM FY-2 TO FY-4 

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 

FY-2E 

FY-2F 

FY-2G 

FY-2H Operational  

Orbit storage or  partially Operational  

Extended service 

FY-4A 

FY-4B 
Test or partially Operational  
 
 

FY-2D 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CMA LEO SATELLITES FROM FY-3 TO FY-5 

08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 

01 series: 
  A          B 

02 series:  C        D 

03 series:  E    F        G 

04 series:  H    I    J 

RM series:  1                2 

Operational  

Test or partially Operational  
 
 Pre-research 

FY-5 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CMA GEO SATELLITES FROM FY-4 TO FY-6 

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

FY-4A 

FY-6 

Operational  

Test or partially Operational  
 
 

FY-4C 

FY-4D 

FY-4E 

FY-2F 

FY-4B 

Pre-research 

FY-4 Microwave 
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FY-3E(Early Morning Orbit) is coming…… 

2018 

FY-3 OPERATIONAL SATELLITE INSTRUMENTS FY-3C FY-3D FY-3E 

MERSI – Medium Resolution Spectral Imager  (I, II) √(I) √(II) √(II) 

MWTS  –  Microwave Temperature Sounder (II) √ √ √ 

MWHS – Microwave Humidity Sounder (II) √ √ √ 
MWRI – Microwave Radiation Imager √ √ 
WindRAD - Wind Radar √ 
GAS -   Greenhouse Gases Absorption Spectrometer √ 
HIRAS – Hyper spectral Infrared Atmospheric Sounder √ √ 

OMS – Ozone Mapping Spectrometer √ 
GNOS –  GNSS Occultation Sounder √ √ √ 

ERM  – Earth Radiation Measurement (I, II) √(I) √(II) 

SIM  – Solar irritation Monitor  (I, II) √(I) √(II) 
SES – Space Environment Suite  √ √ √ 
IRAS – Infrared Atmospheric Sounder √ 
VIRR – visible and Infrared Radiometer √ 
SBUS – Solar Backscattered Ultraviolet Sounder √ 
TOU – Total Ozone Unit  √ 

2016 
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FY-3 Early Morning 6:00 AM 

Metop-A 9:30 AM NPP 13:30 PM 

Recognizing that global even distribution of sounding data is of great significance for 
the 6 hour NWP assimilation window, one approach is to constitute a three orbital fleet 
including Metop (Mid. Morning) + NPP (Afternoon) + FY‐3 (Early Morning). 

Orbit Option: FY‐3 Early Morning + NPP + Metop 
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MWTSⅡ 

Ch 
No. 

Central Frequency 
（GHz） 

3dB 
Bandwidth 
（MHz） 

NEΔT
（K） 

Main 
Beam 
Eff. 

Dynamic 
Range 
（K） 

Cal. Acc. 
（K） Purpose 

1 50.3 180 1.20 >90% 3～340 1.5 Surface 
Emiss. 

2 51.76 400 0.75 >90% 3～340 1.5   
  
  
  

Atmosphe
ric 

Temperatu
re Profile 

  
  
  
  

3 52.8 400 0.75 >90% 3～340 1.5 

4 53.596 400 0.75 >90% 3～340 1.5 

5 54.40 400 0.75 >90% 3～340 1.5 

6 54.94 400 0.75 >90% 3～340 1.5 

7 55.50 330 0.75 >90% 3～340 1.5 

8 57.290344(fo) 330 0.75 >90% 3～340 1.5 

9 fo±0.217 78 1.20 >90% 3～340 1.5 

10 fo±0.3222±0.048 36 1.20 >90% 3～340 1.5 

11 fo±0.3222±0.022 16 1.70 >90% 3～340 1.5 

12 fo±0.3222±0.010 8 2.40 >90% 3～340 1.5 

13 fo±0.3222±0.0045 3 3.60 >90% 3～340 1.5 

Parameter Specification 

Scan Angle ±49.5° 

Pixels Per Scan Line 90 

Quantization 13 bits 
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MWHSⅡ 

Ch 
No. 

Central 
Frequency 

(GHz) 

Pol
ari
zati
on 

Bandw
idth 

(MHz) 

Freq. 
Stability 
(MHz) 

Dynamic 
Range 

(K) 

NE
ΔT
(K) 

Cal. 
Acc. 
(K) 

Main 
Beam 
Width 

Main 
Beam Eff. Purpose 

1 89.0 V 1500 50 3－340 1.0 1.3 2.0° >92% Surface and 
Precipitation 

2 118.75±0.08 H 20 30 3－340 3.6 2.0 2.0° >92% 

Atmospheric 
Temperature 

Profile 

3 118.75±0.2 H 100 30 3－340 2.0 2.0 2.0° >92% 

4 118.75±0.3 H 165 30 3－340 1.6 2.0 2.0° >92% 

5 118.75±0.8 H 200 30 3－340 1.6 2.0 2.0° >92% 

6 118.75±1.1 H 200 30 3－340 1.6 2.0 2.0° >92% 

7 118.75±2.5 H 200 30 3－340 1.6 2.0 2.0° >92% 

8 118.75±3.0 H 1000 30 3－340 1.0 2.0 2.0° >92% 

9 118.75
±5.0 H 2000 30 3－340 1.0 2.0 2.0° >92% 

10 150.0 V 1500 50 3－340 1.0 1.3 1.1° >95% Surface and 
Precipitation 

11 183.31±1 H 500 30 3－340 1.0 1.3 1.1° >95% 
Atmospheric 

Moisture 
Profile 

12 183.31±1.8 H 700 30 3－340 1.0 1.3 1.1° >95% 
13 183.31±3 H 1000 30 3－340 1.0 1.3 1.1° >95% 
14 183.31±4.5 H 2000 30 3－340 1.0 1.3 1.1° >95% 
15 183.31±7 H 2000 30 3－340 1.0 1.3 1.1° >95% 

Parameter Specification 

Scan Angle ±53.35° 

Pixels Per Scan Line 98 

Quantization 14 bits 

This image cannot currently be displayed.

This image cannot currently be displayed.



3*3 arrays in FY-3E 





Data Service and Sharing —  Hot line: 4006-121-701 
 

                                                     http://satellite.cma.gov.cn 
1. Web-based service(registered 

user) 
2. FTP Push(important user) 
3. FTP Pull(registered user) 
4. Manual Service(emergency) 
5. Fengyun Cast(registered user) 
6. DB Users(register user) 

 



No Multi-thread Until now.  

MEPGPS 20140403 GEO_parameters_MERSI_F3C.cfg 20140410 

VIPGPS 20140627 GEO_parameters_VIRR_F3C.cfg 20140411 

IRPGPS 20140320 GEO_parameters_IRAS_F3C.cfg 20140410 

WTPGPS 20150114 GEO_parameters_MWTS_F3C.cfg 20150114 

WHPGPS 20140329 GEO_parameters_MWHS_F3C.cfg 20140410 

Latest Update 



FY-3 International Processing Package 

Reply to “Comparision of FY-3 local processing software product and CMA 
products”(10th March, 2015): 

1. MWHS Channel 15 data consistency. ----Have been solved. And the 
FY-3C LPP software will be updated via ftp site. 

2. X-/L-band CADU format.----Have been solved. And the FY-3C LPP 
software will be updated via ftp site. 

3. FY3-C are transmitted to Earth via left-hand polarised X-Band. ----
Cannot use right-hand polarised x-band because of the similar orbit 
FY-3A data reception. 

4. MERSI 250m channel data consistency.– VIS/NIR is identical between 
EARS and CMA. Maybe the data receive in Europe exists some 
problem in that scan line.  

5. FY-3C LPP multi-thread handling.---- We will make it in the FY-3D/E/…. 



Conclusions 

 FY-3C data geolocation are in operational in CMA 
ground system and has achieved 1-pixel accuracy.  

FY-3E (Early morning) is coming, which carries 
passive/active microwave intruments, high spectral 
infraed sounder and DNB Imager . 

Fengyun satellites can provide data services 
through various methods, including web service, FTP 
and Fengyun Cast. 

FY-3C LPP have been updated to resolve the recent 
problem. And we will enhance the notification 
information for the software update. Also, the 
testbed is needed for the comparison between FY-
3LPP and CMA ground system.  



Thank you for your attention! 
 
 

Dr. Lei Yang, Professor 
 

Chief Designer for FY-3/4 Geolocation and Registration 
 

yangl@cma.gov.cn 



FY-3C MERSI RGB Image(24th March, 2015) 
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