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FY-2C 5 Channel Radiometer
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Status on Image Registration 
Navigation and Calibration



Image 
Registration

• For FY2C Satellite, multi 
channel observation is 
such realized:

• Sensors of different 
channels are located at 
difference places of the 
focus plane. Filters are 
put on the sensor in low 
temperature condition. 
By such way, better S/N 
ratio is gain. 

• Image registration is 
performed at ground.
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Registration in Column Direction
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Image Registration Results



Before Image Registration

After Image Registration



Image Navigation
• FY2C image navigation grid is gained by the solution 

of a mathematical model. 
• Time series of the past full disk image center and 

the satellite position are known data for the model.
• 13 parameters for image navigation are gained. 12 

of them can be treated as constant in 24 hours.
• All navigation process is done automatically. No any 

land mark registration or manual operation is 
performed.

• Except 1or 2 days after orbital and attitude control, 
the accuracy of prediction grid is IR pixel level.



Time series of the past full disk image center



Full disk image center is predictable



Time 
series of 

the past full 
disk image 

center, 
notice the 

vertical 
movement 

of the 
image



Put Earth 
center at 
the origin, 
there is a 
tendency 
of turning 

motion



Explanation to the phenomena
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Mathematical model

•SATVIEW·VISSR=cos(φ+ζ)
• Known�Observation Vector
SATVIEW �Angle between Earth 
center and Image center 
lines φ

• For�Attitude Vector VISSR �
Missalignmentζ



Earth center column position is gain by the angle 
between the sun and the earth viewing from the satellite



Earth center column position time series 
consists of a beautiful sine wave again



Rol l
mi s sal i gnment

The residual 
is minimal but 

measurable
by 

the third 
component of 
misalignment

GOES 
did not define 

this 
parameter



The key of the solution 
is coordinate transition



coordinate transition
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FY2C navigation equation 
solution process
(Total automatic)
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Calibration with NOAA



Spectrum Registration



Geographic registration



FY-2C IR1 measurement and BT compared with NOAA



FY-2C IR2 measurement and BT compared with NOAA



FY-2C split window difference compared with NOAA



FY-2C IR4 measurement and BT compared with NOAA



Atmospheric radiation reduction look up tables

The atmosphere is divided into 53 layers. In each 
layer, atmospheric conditions are constructed by the 
combination of 11 temperature and 11 humidity 
measurements. In each layer with each atmospheric 
status, the atmospheric optical depths in the layers are 
gained by integration with MODTRAN. In the 
integration, the atmospheric optical depths are 
consists of three major parts: water vapour line 
absorption/emit, water vapour continuous 
absorption/emit and absorption/emit by other 
atmospheric compositions. The spectrum resolution in 
the integration is wave number with unit cm-1. The 
integration spectrum scope is from 700 to 1200 for 
FY2B IR channel and from 1300 to 1600 for FY2B WV 
channel.



The atmosphere is divided into 53 layers. In each layer, 
atmospheric conditions are constructed by the combination of 

11 temperature and 11 humidity measurements.
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Atmospheric transmission from dif. layers to 100km
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Look up Table
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Layer 05�800hPa�
Atmosphere Reduction 
Example

Layer 05�800hPa�Incident 
Radiation

IR Atmosphere Reduction



Opaque cloud IR and WV channel 
Brightness temperature relationship
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Products from FY2C
Name of Product Coverage Time/Day

Wind 50°N-50°S   55°E-155°E 4

SST 60°N-60°S   45°E-165°E 8

Upper Troposphere Humidity 60°N-60°S   45°E-165°E 8

ISCCP Data set 60°N-60°S   45°E-165°E 8

Cloud Classification 60°N-60°S   45°E-165°E 8

Precipitation Index 60°N-60°S   45°E-165°E 8

Precipitation Estimation 60°N-60°S   45°E-165°E 4

Cloud Amount 60°N-60°S   45°E-165°E 8

Humidity Profile from Cloud 50°N-50°S   55°E-155°E 8

Perceptible Water in Clear Sky Region 60°N-60°S   45°E-165°E 8

Outgoing Long wave Radiation 60°N-60°S   45°E-165°E 8

Solar Irradiance 60°N-60°S   45°E-165°E 1

Snow Cover 60°N-60°S   45°E-165°E 1

Sea Ice 60°N-60°S   45°E-165°E 1

Flood Monitoring China 1

Soil Moisture 60°N-60°S   45°E-165°E 1

Fire Monitoring China 24

Tropical Cyclone Position and Intensity Western Pacific and India Ocean 24

Sand Storm Monitoring China and Mongolia 8

Fog China 24

TBB 60°N-60°S   45°E-165°E 8



Cloud Classification



Cloud Classification
• Cloud filtering mainly performs three jobs:
• To separate high cloud from low cloud and 

surface named as high cloud detection.
• To separate cloud from surface named as cloud 

detection.
• Cloud Classification.



Why cloud classification job have to be done 
by the above mentioned three steps 

• High cloud detection can be detected with WV-
IR relationship. High cloud is defined relative to 
sea level altitude.

• High cloud detection does not work in Tibetan 
Plateau.

• Cloud is defined relative to topography.



VIS Image



IR Image



Statistics show that cloud top is relatively less 
appear in mid troposphere around 500 hPa



High cloud detection
• Performed on the pixel bases with infrared and 

water vapour channels.
• Atmospheric reduction corrections are made.
• Correlation between the two channel measurements 

is calculated for each pixel in a 9 pixel area around it.
• This procedure runs well except in Tibetan Plateau 

where some ground features are shown in winter 
water vapour images and are catalogued as high 
cloud. Thus in Tibetan Plateau, high cloud pixels 
should pass cloud detection procedure as well.



In high cloud 
detection 
stage, image 
pixels are 
subject to 
one of the 
following 
three groups�
low cloud or 
clear sky�
High Cloud�
Unknown



IR/WV correlation is used 
to separate high cloud 

from the others.

IR/WV correlation

IR ImageIR ImageAfter FilteringAfter Filtering

After filtering 
high cloud is 
shown

On the correlation distribution 
figures�Left�are noisy.



High Cloud Detection
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Cloud Detection



Cloud detection
• Cloud detection is performed with 

dynamical threshold method on the 
segment bases. 

• Segment size is 32×32 pixels.
• Infrared and visible channels are basic 

data; water vapour channel is also used.
• In land area, different surface elevations 

and land characters are separate. 
• In ocean area, deviation analysis is made.



In land area, 
different 
surface 

elevations and 
land characters 

are separate.



Dynamic thresholds for each segment 
are created through three steps

• At first, individual image at a specific time of 
a day is carefully analysed to find dynamical 
thresholds at different channels for the day 
and the segment.

• Secondly, historical data for that time in the 
past 15 days is summarized to find 
dynamical thresholds for the segment. 

• Thirdly, diurnal variation of the dynamical 
thresholds in a day for the segment is 
harmonized to remove and revise 
inappropriate values.



After Vittorio, threshold is at the point 
with max slope variation (maximum 

scaled second derivate of histogram),
rather than at the bottom of the 

histogram.

450 500 550 600 650 700 750
0

20

40

60

80

100

120

140

N
um

be
r o

f P
ix

el
s

(331-BT)*5

 C

400 450 500 550 600 650 700 750 800
-10

0

10

20

30

40

50

60

70

80

N
um

be
r o

f P
ix

el
s

(3310-bt)*5

Peak

Dynamic Threshold



Historical data for the local time of a day 
in the past 15 days is summarized to find 

dynamical thresholds for the segment.



Diurnal variation of the dynamical 
thresholds in a day is harmonized to 

remove inappropriate values.

0 2 4 6 8 10 12 14 16 18 20 22

265

270

275

280

285

BT

Hour

 Land
 Gauss fit

0 2 4 6 8 10 12 14 16 18 20 22
250

255

260

265

270

275

280

285

290

BT

Hour

 Desert
 Gauss fit

* Dynamic  Cloud detection threshold 

0 2 4 6 8 10 12 14 16 18 20 22

291.0

291.5

292.0

292.5

293.0

293.5

294.0

294.5

BT

Hour

 Sea



Cloud classification mainly depends on IR/WV scatter diagram analysis. 
It is complementary with histogram and deviation analysis

• Groups from histogram and deviation analysis 
are tested at the IR/WV scatter diagrams.

• The groups with most steep slopes are Cb
cloud and dense cirrus cloud. Cb cloud is 
characterized with close or even negative WV-
IR differences. 

• The groups with most flat slopes are As or Ns 
clouds. 

• The thin cirrus is characterized with slope 
between the above two groups.



Histogram 
is 

performed 
for uniform 

pixels



Histogram Analysis



Upper part at deviation analysis are mixing pixels
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With histogram and deviation analysis, 
several groups are gain



Groups from histogram and deviation analysis 

are tested at the IR/WV scatter diagrams



Medium 
cloud is 

associated 
with flat 
sloop



Thin cirrus 
cloud is 

associated 
with 

middle 
sloop



Cb or Thik
cirrus 

cloud is 
associated 
with steep 

sloop



Cloud Classification
• Cb cloud or Dense cirrus cloud�The groups with most 

steep slopes are Cb cloud or dense cirrus cloud. Cb
cloud is characterized with close or even negative 
WV-IR differences, while Dense cirrus cloud is not.

• The groups with most flat slopes are As or Ns clouds. 
• The thin cirrus is characterized with slope between the 

above two groups.
• Upper part at deviation analysis are mixing pixels.
• Pixels detected as cloud in cloud detection step, but 

not detected as high cloud in high cloud detection step 
are grouped as low cloud (stratus or cumulus).

• Pixels detected as surface in cloud detection step are 
surface.





IR image and cloud classification



IR image and cloud classification





FY2C Fog



Atmospheric motion vectors









With GMS data 28-31 
May 2003�after radiation 
calculation � mean 
absolute difference is 
reduced from 13.80 m/s to 
11.88 m/s�RMS from 
16.09 m/s to 14.60 m/s�

With GMS data 28-31May2003�
after radiation curve adjusted
mean absolute difference is 
reduced from  11.88 m/s to 11.07 
m/s�RMS from 14.6 m/s to 
13.64m/s�













Precipitation Estimation



For expanding cloud, lower 
cloud top temperature means 

higher precipitation rate

For contracting cloud, lower 
cloud top temperature 
means higher precipitation 
rate



Cloud top 
temperature 

gradient
and 

precipitation 
rate



 
Distance 

from 
convective 
core and 

precipitation 
rate



Merge with rainfall gage data

Merged data Dense rainfall gage data Rainfall gage data



Example



6 hourly precipitation� 2005.04.22.18�04.23.00
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6 hourly precipitation



FY2C total precipitable water in clear sky region

Total perceptible 
water is derived 
from two split 
window channels.
IR1: 10.3~11.3 µm
IR2: 11.5~12.5 µm



FY2C_TPW_MLT_NOM_2
0050508_0600_a.bmp

FY2C_TPW_MLT_NOM_2
0050507_0600_a.bmp



FY2C   OLR



FY2C/NOAA
OLR 

comparison

• FY-2C�NOAA-16��
• OLR�10N-60N�75E-
• 150E�RES=0.5*0.5





TBB



Sand 
Storm







Solar 
irradiance 
for the disk



Solar irradiance for China region 
at 24 April 2005/06Z

Sloar irradiance                                                     VIS image



FY2C fire monitoring in south east Asia�March 21 2005 0529Z�



FY2C fire monitoring compared with NOAA-16

FY2C fire monitoring

2005/03/21/05�26z

NOAA-16 fire monitoring

2005/03/21/05�26Z



FY2C Flood Monitoring

FY-2C  2005�4�27�10�-14��������



NOAA-16���200504271441�

EOS/MODIS���200504271021�

FY-2C���200504271100�



NOAA-16����200504271441�

FY-2C����200504271100�
EOS/MODIS����200504271021�



Soil 
moisture 
estimated 

with ground 
temperature 

tendency



Drought 
grade





FY2C
snow 
cover
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Snowy 
days in 
the 
month



Snow 
cover 
movie

9-31 
March 
2005



FY2C snow cover

2005�4�8�

NOAA17 snowcover

2005�4�8�13�46



FY2C Sea Ice



Regional Sea Ice



Regional Sea Ice(FY2C ,2005.04.04.0200~0700)

FY2C 2005/04/04/02:00Z FY2C 2005/04/04/03:00Z

FY2C 2005/04/04/06:00Z

FY2C 2005/04/04/04:00Z

FY2C 2005/04/04/07:00ZFY2C 2005/04/04/04:56Z



Regional Sea Ice �Antarctic�



Regional Sea Ice �Antarctic�
(FY2C ,2005.04.04.0200~0700)

FY2C 2005/04/04/02:00Z FY2C 2005/04/04/03:00Z FY2C 2005/04/04/04:00Z
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FY2C����������

Sea ice compare with NOAA

FY2C Sea ice 
2005/04/04/04�00Z

NOAA-16 Sea ice 

2005/04/04/04�31Z
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FY2C 2005/04/04/02:00Z



Tropical Cyclone



Tropical Cyclone position compared with QUIKSCAT 



Tropical Cyclone Intensity Estimation



FY2C Image Broadcasted by TV



FY2C Image Broadcasted by TV



End



 

International TOVS Study Conference, 14
th

, ITSC-14, Beijing, China, 25-31 May 2005.  

Madison, WI, University of Wisconsin-Madison, Space Science and Engineering Center, 

Cooperative Institute for Meteorological Satellite Studies, 2005. 
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