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“+AA Star Tracker - all-optical!
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<+Simulate major Star Tracker components
* CMOS 1mager
* Camera model
e Star Catalog
* Lost-In-Space algorithms

* Fast-Angular-Rate algorithms
<+Simulates spacecraft dynamics affecting view
* Attitude/Pointing
* Flight path
+Neglect
* Spectral nature of optics, stars

'\ AEROASTRO 2



r
=)
nel

&

L

o

=

@

3

5

3

i

&
1]
&
[

ATTITUDE=-0.1042 -0.2910 0.7378 -0.6002

. ]qaim LR m 1 simk (8)

> AEROASTRO

Image

52

" [inbox for |

Mon Feb 14, 4:22:44 PM

[intro.tex

1108416164

SIME

SIMK__FAR-MST Scenario

Gnuplat ]

Cross Boresight Accuracy

[

20 20 40 o] B 70

Attitude Estimate Error (arcsec)

Refresh | 9.0 Gruplet

About Boresight

SIMK Scratch Pad (1

-- create the image
scenario:stImage(scenario.stdt);

-- determine the attitude

scenario:stDetermineAttitude();

1f scenario.g_est ~= n1l then
-- calculate the accuracy
chs[iter], abs[iter] =

-- update the plot (every loth time)
1f 1ter/10 == math.floor(iter/10) then
chgp:plot(histo(chs,
abgp:plot(histo(abs,
end

chsliter] = 0;
abs[iter] = 0;
error dla('no attitude solution:'
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< Choice:

* Inter-star, angular separation

* Grid-based

* Neural-networks based
+We chose:

* Inter-star, angular separation (more mature alg’s)

* Specific implementation: Pyramid (Junkins, Mortari)
<+ Problem:

* How do you search the star catalog etficiently?
“~Answer:

* Hash tables (k-vector approach)
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s Hash tables work
because...

*Distribution of angular
separation of stars is
relatively flat
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Cross Boresight Error Distribution
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<+Estimate apparent star motion in the focal plane at
several points
* Magnitude
* Direction

s How? - Use star streaks!
e (Gaussian steerable filter

» Detect, get orientation

* Determine direction of rotation (sign issue..)

* Use sequence of images
» Sign of direction

> Speed
+Know spin axis = know spacecraft attitude
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sPower: <3 W
< Functions:
e I.IS

* Angular rates to 15 degrees/sec

<Accuracy ~ 75 arcsec
+Size : 15x 8 x 8 cm
+Price < $ 100K
<+Interface

 USB

* RS-422
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+Picture N W
sequence taken
319 sec apart

+Quaternions

generated,

ecarth’s rotation
found to be
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«Simulations show algonthms accurate

* Better than the ~75 arcsec quoted
<+All-optical system can provide

* LIS

* Fast-Angular-Rate Measurements
«Camera parameters currently being optimized
<+Flight-ready prototype

* 12-14 months
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