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FY-2C 5 Channel Radiometer

Channel | Wavelength (pm )

VIS 0.55170.90
IR1 10.31111.3
IR2 11.51112.5
IR3 6.3(17.6

IR4 3.5 4.0
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Status on Image Registration
Navigation and Calibration



Registration

Image

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 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.



1300 ¢

1280

1260

1240

1220

1200

1180

Time series of the pas:ﬁtmfull disk image center

pibhd
T
\ aﬁ&@ﬁﬁﬁﬁﬁﬁﬁf“
{ Hf{WW\W} I
ML T I
&£,$ HL%F
AREEE:
2005 % 2 A 3 H 04 i 2005 % 2 A 28 H 23 i}
0 500000 1000000 1500000 2000000 2500000

2000000 (FR)



Full disk image center is predictable

sin fitter of image center line position

point: real position
blue point:point used by sinfitter




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 \b:
motion N




Explanation to the phenomena
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Mathematical model

« SATVIEW-VISSR=cos(p+0)

e KNnown Observation Vector
SATVIEW Angle between Earth

center and Image center
lines @

e For Attitude Vector VISSR
Missal ignment(



Earth center column position is gain by the angle
between the sun and the earth viewing from the satellite
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Earth center column position time series
consists of a beautiful sine wave again
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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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Solution

XJz2o00°

ZJ2000*

150 —

140 = e

100 e ) e e ] o o o o | o e

200 202 204 206 208 210 212 214 216 218 220 222 224 226

TIME
200 —
190 —
"
180 — P o — .
—— '\I

170 — —u -
160
Sl I N L PR I N N B VN I L A

200 202 204 2068 208 210 212 M4 216 218 220 222 224 226

TIME

*¥ coordinate unit =anagle/0.000140

YJzo00*

100 —

-110 g e

-130 —

=140 —

-150 e e e o e o e o s e R o o ] o o ) e B L
200 202 204 206 208 210 212 214 216 218 220 222 224 22¢
TIME

-30 —

-40

-50
LA L N L O L O O LY I Y O Y L

200 202 204 206 208 210 212 M4 216

TIME

218 220 222 224 22

Xu Jianming Lu Feng






2005.4.20:06

&+ FY2C200504200602. DAA — GES-5 FYZBRIEIRE
Fi i (E) elp(H)




2005.4.20:06

#» FY2C200504200602. DAA — GES-5 FYZERIERS

Help

Hi=e




2005.4.20:06

File() HHEE Viev(®) Help(®

DeHE 22 &8 2

Fx

py .
4 B

'\‘ﬁ__;“ _\‘-

B - . -~ - L —r et ol L s i ke ] ) L— = L Ll s A= = o et Al ] o= - L



2005.4.20:06

#+ FY2C200504200602. DAA — GES-5 FYZBHUERLR

He




4.20:00

e







2005.4.20:006

#+ FY2C200504200602. DAA — GES-5 FYZREHERE

Vie He




HETRS
CMA SN SMC T




Calibration with NOAA



tration

Spectrum Regis

fy2 2C IR1 and noaal? chd spectral response

fy2 2C IR1 and noaal? chd spectral response
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Geographic registration




FY-2C IR1 measurement and BT compared with NOAA
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FY-2C IR2 measurement and BT compared with NOAA
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FY-2C split window difference compared with NOAA
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FY-2C IR4 measurement and BT compared with NOAA
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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 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 050/800hPal Layer 051800hPa  Incident
Atmosphere Reduction Radiation

Example

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
Precipitation Index 60°N-60°S 45°E-165°E 8
Precipitation Estimation 60°N-60°S 45°E-165°E 4
Cloud Classification 60°N-60°S 45°E-165°E 8
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







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

T N .
AR :
: / \ o

N N )

1] i

2 850 4 600 & 400 & 200 10 100 12

il 925 700 500 300
2K

250
00 /
£ 150 /\ / \
=
£
>
<<
> 100




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.



In high cloud
detection
stage, image
pixels are
subject to
one of the

following
three groups

low cloud or
clear sky

High Cloud
Unknown




IRWV correlation 1s used
to separate high cloud
from the others.

On the correlation distribution
figures(LeftJare noisy.

IR/WYV correlation

After filtering L e T . -
high cloud is i 7 e -
shown

' . Image



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 32x32 pixels.

* |n 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.



Number of Pixels

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.

(331-BT)*5

Number of Pixels

(3310-bt)*5



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 Iinappropriate values.




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.



B RIRE

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
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Thin cirrus
cloud is
associated
with
middle
sloop
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Cloud Classification

Cb cloud or Dense cirrus cloud1The 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.
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IR Image and cloud classification




IR Image and cloud classification
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Atmospheric motion vectors
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With GMS data 28-31
May 2003 after radiation
calculation [ mean
absolute difference is
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Precipitation Estimation



For expanding cloud, lower

For contracting cloud, lower
cloud top temperature means

cloud top temperature

higher precipitation rate means higher precipitation
rate
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Merge with rainfall gage data

Merged data Dense rainfall gage data Rainfall gage data
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6 hourly precipitation
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FYZ2C total precipitable water in clear sky region
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FY2C OLR
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FY2C/NOAA
OLR
comparison
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Solar irradiance for China region
at 24 April 2005/06Z
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FY2C fire monitoring compared with NOAA-16

NOAA-16 fire monitoring FY2C fire monitoring
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FY2C Flood Monitoring
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FY2C Sea Ice




Regional Sea Ice




Regional Sea Ice(FY2C ,2005.04.04.0200~0700)
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Regional Sea Ice [IAntarcticl
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Sea ice compare with NOAA

NOAA-16 Sea ice FY2C Seaice
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Tropical Cyclone

e pgE ' (=P &
N 0502825/ EE
fﬁﬁ%ﬁﬂ: POOSEEO3A 15 HO08] (#5281
rEE RS PO05FEOIR18H00E (HEH )
—\/d_( *
T3 m// &)
. Fix 7
R
o -
. M
e e o g '
==L =) A
= i W 05032 LM SEE
J e 7 SRS EE: 2005604 523 HOOK, (#5PH )
e e 5 LEXREEH . 2005004 527 HOM (HI7H )
i It =} _\/__/ T
J};;!\m I/ d // &
® ' - T :
i ﬁuf / o= o 4 o
N o B
o E <;>
18 o=y a% _ i/
“ i . Oy, D %g\l e H_H-\"IW(_"\_E_ / uf:}_ﬁ
5 P %’L\f = e il /j 30°N
“ ﬁ@ ; J 4 & o
'&uam T e i) &
‘ v W
%iﬁ ﬂi % (ii] /
sEE U202 E7 e 1300 E P T 2 o~
usxl'_.r ’r
| %’\“En T (%)
&g ih A G’-w@ = o503
LA - ‘J"“j:
_J‘
W =T
%iﬁ
sEmi h20e B e 1307 E 140° E 150° E 160°




Tropical Cyclone position compared with QUIKSCAT
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Tropical Cyclone Intensity Estimation
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FY2CImage Broadcasted by TV




FY2C Image Broadcasted by TV
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