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How to improve TLE-based
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How to improve TLE-based

16 Mar 2016

Today

[/

Es_/

Initial BC
guess

I'e

dictions

Find corrected TLEs
¥ Compute new
Find outliers in mean BC estimate
maotion
[ 2
Find outliers in perigee Compute Adpgqp
radius =] by propagation using
+ BC estimate
Find outliers in hay ¢ equals
inclination Aaggoe?
¥ | Compute Aay,
3 : from TLEs
Find negative B* Yes
| |
e
Generate pseudo] Compute initial
observations state
Pseudo- Initial state BC
observations guess estimate

Compute Jacobian
a priori

Fi
Jacobian?

xed

Compute state estimate using

batch least-squares

—

Final BC

State
estimate estimate

/

I

Propagate until re-entry

Re-entry date




Problems with TLEs
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Problems - in life
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Addressing problems (with TLESs)
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Cumulative Distribution Function of TLEs
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Corrections

Before 2011

After 2011
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Time gaps
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Mean motion outliers
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Mean motion outliers
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Events — change BC and SRPC
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Mean motion filter tuning

w103
1.8 $30

i

18 . Original time series . Simulated outliers ’

.

14T 3
Y -
n 1.2 3
© l'.
g -
c "
0 = |
= 0.8 i
£ '_;.
r:o 06 s = e .,r
0) el 3 e
Z 04} ik
R e B ¢
02 e /

0 .l '......l..'. . 'l. 1 1 1 1 ]
1981 1982 1983 1984 1985 1986 1987 1988 1989
Epoch
16 Mar 2016 6t International Conference on Astrodynamics Tools and

Techniques



Mean motion filter tuning
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Outliers in n, e, 1, and B*
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Outliers in n
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Outliers in e
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Outliers in 1
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Outliers in B*
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Re-entry prediction error
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Effects of filtering on prediction accuracy
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Importance of filtering

Cumulative distribution function
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Conclusions and recommendations

o Filtering of the TLEs is key to get good predictions, however
it isn’t always necessary

o Filter in all orbital elements you’re using
« Be wary that the TLEs change with time (2011, 2013...)

e Qutliers => robust statistics
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Why do we care
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We don’t know the re-entry epoch too well

24 hours lead time.
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We don’t know the re-entry epoch too well

48 hours lead time.
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We don’t know the re-entry epoch too well

74 hours lead time.
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When we filter too many TLEs
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When we filter too many TLEs
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When we DO NOT filter TLESs
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