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—C€urrent Way to Determi ne Close
Approach

Satellite Tool Kit (STK)--- CAT Module
e Expensive,
e Very Slow in Big Scenario
e Black Box

e Black Box
e Cannot add new data.
e Can not be used in Debris Environment Research


http://www.celestrak.com/

Goal:

e Provide a Fast, Stable, Open-Source Software for
Civil Space Situation Awareness, and other works.



‘ How to calculate the close

approach?
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Previous Methods:

Brute Force
Geometry Filter
Relative Distance Function

‘Smart Sieve’



New Method
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Method for calculating conjunctions of a
complete catalog against itself

Method for calculating conjunctions of a specific
spacecraft against the complete catalog



Method for calculating conjunctions-of
P b

—a complete catalog against itself
First Step

the time history of position, velocity, accelerate and
classical orbital elements (including arguments of
latitude) of every object in the catalog is calculated at
a even time steps across time span of interest.

These data are saved in memory to avoid repeated
calculation.

Because it requires N * (N-1) / 2 times examinations
N =12,000



Calculation Process
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Altitude Filter
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Traditional Geometric Method:
e Find closest points of two orbit

 For no circle orbit, the points cannot be analytical calculated.

Require Iterations

Numerical instable-------- lost conjunction
Slow

Difficult to add impacts of perturbations
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New Geometric Filter

Find intervals containing the closest points
The interval is centered at the P.
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determined?
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—InSome cases, the filter does not

work.
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How to filter?

Interval where the closest
point is located

Interval of / [tO y tO e At]
Target, or risk Case 1
object
\ W,
—P>
Ou(z,) u(t, + At) 4, .?I
N —int (ut(to)_u(to+At)_Wt /2)
u(t, +At) <u, (t,)—W, /2 sap = IN1[ 0 ]
Case 2
W,
............ t ’
2 EERERREEN %% -
0 u u(ty) u(t, +Ar) TUu +7w

(t,) >u,(t,)+W, /2 .AND. u(t, +At)<u(t,)+7-W, /2 N, = int[(Ut(to)-i-ﬂ—l;(toA:-At)_Wt /2),
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Smart Sieve

Relative Motion Relationship, Developed By ESA
Basic idea,

For example:

[1. 1+ Af]
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Relative Distance Function

A
A
Time
‘ derivative of
Relative Relative
Distance Distance
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* Advantage: analytical determining approach time and
distance.



Calculation Process 2
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Method for calculating conjunctions of a specific
spacecraft against the complete catalog

* The first step:

* Only calculate their time history of position, velocity,
accelerate and orbital elements of the spacecraft.
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Calculation Process
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complete catalog against itself

(Hoots et al., 1984) find only 84 conjunctions for 100
km threshold distance for 24 hours.

(Rodriguez et al., 2002) found 10, 546 conjunction
for 25 km threshold distance on 2002-05-15 .

We found 116,198 conjunctions for 25 km
threshold distance on 2007-08-03
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The proposed 10 min 20 sec 116,198
Method

‘Smart Sieve’ + 18 min 10 sec 116,198
Relative Distance

Function

The Relative 181 min44sec 116,198
Distance

Function Method
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‘Method for calculating conjunctions of a specific
spacecraft against the complete catalog

The proposed | ‘Smart Sieve’ Relative
Method + Relative Distance

Distance Function
Function Method
Running Time 1.735 7.312 64.33
(sec)
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Conclusion

Methods developed in this paper combines merits of
geometry filter, ‘smart sieve’ and the relative distance
function method.

The methods could be applied to comparisons of a
large catalog of orbiting objects against itself. It can
also be used for comparisons of specific spacecraft
against a large catalog over long periods of time.
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Future work

Test with other Close Approach Software
e Problem: SGP4 standard,

e Communication

Home made (developing version)code -> open source
software

e No references/note in the code. (Black Box)

 Black Screen procedure, not a software.



~ Thanks!
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