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UNCERTAINTY IN THE ORBIT OF EARTH SATELLITES — WHERE WE WOULD LIKE TO BE -




Conjunction Threshold Uncertainty and False Alarm Rate

Iridium constellation conjunction rate (Apr-May 2010):

Threshold Per Month Per Day Relative Rate
Reduction
10000m 36574 1219
1000m 354 11.8 99.03%
100m 3 0.1 99.99%

By the time o < 100m, the false alarm rate has dropped by 99.99%
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Enter STARE

Space—based

Telescopes for
Actionable
Refinement of
Ephemeris
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STARE Processing and Data Flow
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STARE Satellite - Concept

Optical Payload
Colony Il Bus from Developed at LLN
Boeing
Attitude Control
2-mirror
Star Tracker

telescope
design with
baffles

Communication

Battery/Power Supply

Imager Board

GPS Board
GPS Antenna

Interface Board
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STARE Payload - Pictures
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Optical Payload: On-Board Image Processing

Raw Image

@ Image Correction
* Sky Image Subtraction

* Bad pixel interpolation
* Low Pass Filter

@ Identify Stars and Tracks Skars .| Determine centroids and
* Simple search for contiguous pixels above threshold T “| generate x,y positions list
* Classify based on ellipticity/number of pixels

Tracks

Local intensity-weighted linear fit of track at each endpoint
B * Check if RMS distance of pixels to the obtained line is less than threshold
* If not, reduce amount of pixels used in fit

v

@ Generate matched filter for each track endpoint based upon PSF and low pass filter kernel
>{ * Convolve filter with line segment to create simulated track end

* Subtract simulated track end from real track end

* Calculate residual

* Increase length of line segment

* Find minimum residual
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@ Image Correction

Before After
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@ Star and Track Detection

Threshold and
Classify

1) Stars
2)
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@ Track Fitting

Local Iterative Fitting at each end allows for curvature in track...

Global Fit Left Endpoint Fit Right Endpoint Fit
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@ Endpoint Determination

Real Image

Residual

2.5"'05 T —T T T | I — | L

2.0x10%} Al

1510 =

Resiguol

l,axio‘-— -

50x10" = =

1| S T T R o N R S
8ia 815 8240 825 830
% Endpaint Caordinale

Simulated Image
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Algorithm Test Results

Test Resuits on real images show very good performance
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Algorithm Test Results

400 simulated images

Total Endpoint Error (pixels)
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Conclusions

= STARE mission will refine orbits of space debris and
satellites down to 100 meter accuracy

« About 0.8-1.0 pixel accuracy needed

= Endpoint detection algorithm allows for 0.1 pixel
accuracy
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Image Processing: Endpoint Determination

Fit endpoints with track segment convolved with PSF

1) Start with real track 3) Increase length to L,

2) Generate track of length L, 4) Find minimum in residual
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Additional Slides

Orbit Lifetime vs Initial Circ Orbit Altitude <
(CdA/m=200 cm*2/kg; Equatorial Orbit)
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Surface Area [m2 Average |years Minimum [years Maximum [years
0.03 (3U only) 57.0 311 >100
0.05 38.8 19.7 55.8
0.10 20.0 10.4 S22
0.14 (Baseline eff) 14.6 7.5 23.3
0.15 13.6 7.0 22.0
0.21 (Baseline max) 9.9 5.0 16.0
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Additional Slides

[100 Days 685 Targets]
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