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RE-NAVIGATION BASED ON
FULL EARTH DISC IMAGE



Image navigation status In
NSMC/CMA

 An automatic image navigation model for FY?2
geosynchronous meteorological satellites has
been realized in NSMC.

 The model usesme series of satellite
positions and observation vectors toward earth
centreas Input, to solve satellite attitude.

o Satellite attitude parameters consist of satellite
spin axis vector and misalignment in three
orientations(roll, pitch, yaw)



Full disk image center Is predictable

sin fitter of image center line position

point: real position
blue point:point used by sinfitter




In the time series of earth disk center line cothdre
IS Information of the attitude (orientation of the
satellite spin axis) and the roll component of the
misalignment.

With this information, the attitude and the roll
component of the misalignment can be solved
simultaneously.

Image grids in the future 24 hours are predicted
automatically.

FY-2 Image navigation accuracy approachérR
pixel or 2 visible pixels.



But, iIn some special periods...

During eclipse periodswo midnight images are not
taken everyday. The navigation accuracy (around 2
IR pixel) is lower than usual.

In 24 hours after orbit and attitude conttble image
navigation accuracy IS poor.

Sun or moon entered the view of satellifhe image
navigation accuracy Is affected.

Nutation and Precession of the Spining Satelliié wi
cause a minor bias between predicted attitude eald r
attitude.



Sun entered the
view of satellite

It will cause a /
wrong result in

earth detecting|



2006/2/23~2006/4/6 earth disc center line count
There are many error values. Which will affect #tigude solving.



During eclipse periods,
two midnight images are not taken everyday.
The lack of sample will affect the accuracy oftatte solving.




Line count series of earth disc image

Attitude and orbit are controlled

- It reflects that the attitude changed.

 In 24 hours after orbit and attitude control, tmelcount series of earth disc
Image are not continuous.

* The data of past 24 hours can not be used to sohadttheale.

* The image navigation accuracy is poor.
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07:30UTC

FY2D first S-VISSR
Image after satellite
control

It has a bias of
navigation more than
20 pixels.



FY-2C Spin Axis Projection on J2000.0 Equatorial Plar
Showing Nutation and Precession of the Spining Saliee



Re-navigation method

e After one observation, the earth disc center In
the image can be determined by earth detecting.

* Using the predicted orbit and altitude
parameters, the predicted earth disc center in
the image can be calculated.

 Compared the two center positions, the roll
and pitch misalignment can be calculated.



* Re-navigation method can solve problems
above excepbun or moon entered the view of
satellite,because it will cause earth edge

detecting falled.



A ------ the center obbservatiorearth disc (in pixels)

B ------ the center opredictedearth disc (in pixels)
AC ------ the bias of roll misalignment (in pixels)
CB ------ the bias of pitch misalignment (in pixels)

Roll = AC * Stepping-angle
Pitch = CB * Sampling-angle



Yaw misalignment can be determined by the verags of
observation earth disc



Re-navigation misalignment set

Roll = Roll(predict)+ Roll
Pitch = Pitch(predict)+Pitch
Yaw = yaw

Using these misalignment parameters and the
predicted orbit and attitude parameters, we can
obtain accurate navigation result .
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FY2D first S-VISSR
Image after satellite
control

It has a bias of
navigation more than
20 pixels.



FY2D first
Image after
satellite control

After re-
navigation, the
navigation result
IS perfect



CALCULATION OF
RADIATION TRANSFER
USING NWP DATA



Improvements Iin calculation of semi-
transparency correction tables

 The semi-transparency correction tables are
used to perform a correction to the IR radiance
to take account of semi-transparent cloud or
small scale cloud which does not completely
fill the field of view.

 The semi-transparency correction relates the
IR radiance to the WV radiance which would
occur in the presence of fully opaque cloud at
a given level in the atmosphere.




* In AMVs operation, the semi-transparency correction
tables are used in height assignment.

* The mission of this application is to improve the
accuracy of the curve which shows the theoretical
IR/WV relationship for opaque clouds.



The NWP parameter fields are improved:

— At present, T639 data is used rather than origi24al3.
— T639 resolution: 0.28125 degree

— T213 resolution: 0.5625 degree

The vertical extension of the NWP parameter fiesds

expanded from the original surface-100hPa to tlkeant
surface-10hPa.

By doing so, high level atmospheric status is aierad.




For atmospheric compositions other than
water vapour, originally, one set of climate
values from American standard Atmosphere
was used to represent the whole earth disk
area; while At present, climate values from 5
regions are used: tropical, mid-latitude
summer, mid-latitude winter, high-latitude
summer, high-latitude winter.

By doing so, radiation contributions from other
radiation active gases are better considered.



NWP parameter layers are increased.
— Originally, data from 38 layers are used.

— At present, data from 120 layers are used. From 10
to 1200 hPa, a 10 hPa interval is a layer.

For temperature profile data resolution
— originally the data interval is 10 degree.
— At present, the data interval is 5 degree.

For humidity profile data resolution

— originally, there are 10 humidity status.

— At present, there are 20 humidity status:

0.1, 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 5008565, 70,
75, 80, 85, 90, 95%.



A result of semi-transparency correction tables

Opaque cloud IR and WV channel
Brightness temperature relationship

800hPa blackbody radiation temperature



A new Improvement in progress

O: earth center
S: satellite position
A: one position on earth surface

C: point of intersection that line AS
cross a certain NWP layer

B: projection of point C on earth surface
AOC = AOS- COS

e Calculating semi-transparency correction tableseath
from A to S, the NWP data of C will be the certhaight
above B rather than A.

e S0 a correction occurs when the radiation from & ie
calculated.

 The correction varies along with height of C andlbtge
zenith.

 The correction is AOC.



Correction value(degree) of various height andligateenith
Satellite zenith(degree)

Height(km)

T213 half grid:0.28125degree

T639 half grid:0.14062degree

red value > T213 half grid

blue valuet red value >T639 half grid
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