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Ground Target Laser Diode lllumination (8/15/2013)
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Ground Target Laser Diode lllumination (8/15/2013)

AeroCube 4.5B Beacon ON
Range = 650 km

0.0688 Deg
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Ground Target Laser Diode lllumination (8/15/2013)
- Star Matching to Verify Ephemeris

Stacked Images From Acquisition Telescope
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Ground Target Laser Diode lllumination (8/15/2013)
- Star Matching to Verify Ephemeris

Data Extracted From Acquisition Telescope Images
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Individual Star Tracks Matched to Catalog Stars
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Ground Target Laser Diode lllumination (8/15/2013)

- Open Loop Acquisition Pointing Error Breakdown
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OCSD B/C: Vehicle Configuration

Payload #2 (Laser Range

Finder)
Payload #1 (Laser
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OCSD B/C Layout
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OCSD-B/C Star Camera Acceptance Test (Ground)

* OCSD B/C Star Tracker Units have been tested for light sensitivity, power consumption via
dark sky testing

* Post-vibe verified functionality & focus in the lab, collected dark images for hot pixel mapping

Light Sensitivity, All
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Star Tracker Design & On-orbit Results (OCSD-A)

OUTER BAFFLE
* 6061-T6 Aluminum
* MIL-A-8625, TYP Il, BLK

INNER BAFFLE

* 6061-T6 Aluminum

* MIL-A-8625, TYP Il, BLK
LENS

* Marshall electronics

lens V-4416.0-1.2-HR

FOCAL PLANE
* On-Semi MT9V032
» 752 X 480 Pixels
* 6.0 X 6.0 micron pixels
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Post-Processed Star Tracker Image 1 (0.97 deqg/s)

Catalog Stars [ID/MAG] (FOV: Ncluster = 1405, Ncat = 15, Cat Dimmest Mag = 4.90)
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Post-Processed Star Tracker Image 2 (0.97 deqg/s)

Catalog Stars [ID/MAG] (FOV: Ncluster = 1431, Ncat = 14, Cat Dimmest Mag = 4.90)
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Y (pixels)

Star Smear Detall

Inverted Image

Brightest Star (Mag 1.98)
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Star Tracker Ground Measurements (Dark Sky)

Total Intensity (150 msec Equiv Exposure) vs. Star Magnitude
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Star Tracker On-Orbit Measurements (0.80 deg/s)

Total Intensity (150 msec Exposure) vs. Star Magnitude
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Star Tracker Solution Probability

« On-orbit sensitivity data supports analytical studies to determine the
probability of obtaining a valid solution at maximum mission slew

rates
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Brar (asec)

Blue Canyon Technologies XACT

* MIinXSS CubeSat First to fly XACT system
— 1-sigma cross-axis pointing error better than 8 arcseconds
— Max tested on-orbit slew rates < 0.15 deg/s

— Ground test data (below) suggests the following performance for higher slew rates. Note
ground test data demonstrates knowledge accuracy of the star tracker but unable to
demonstrate closed loop pointing accuracy due to limitations of ground testing.

RMS Star Tracker Error vs. Slew Rate Results of heliostat testing at CU LASP
200 Cross axls : Baffle Rejection
180 - Roll as [ e ........................... 4 10
g L - B e T e e e L L L e - 10*
1 tracker roll- aX|s
140 feccsescessscnsescssascsccnssshscssnccscsssscssssscsesccnsesbosscccscssessssyssscssscnsssuPfeosnccscssssccscsscsensesces
F D0 = cxicsnisansgamamisnsinynsnsabasstasasasssassssa paraesanussh e agsnnyesnsganmss My s sanaan R ny s G akite NaSa e A it 10°*
100 frossmemaranizmsenoronseriss P R e s ety 2 10" ‘ 4
- I I A 1}_@5@;;9%5_Aa,&??____ ] FoV edge
_Tyicalombiteate B s al aeE I 0® = 1 .
S0 2"'?"‘”5' all-axes Glint Free/Earth keepout
40 |- = : : > : g 107}, |
N B s s e R | i : — Sun Keepout
: = DR (e e T 10— . 3
e i i 100 &0
OO ' 015 ‘Il 1.15 2 Sun A L}[ grees * '
Slew Rate (deg/s) 60 -40 20 O

Data provide by and presented with permission form Blue Canyon Technologies
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CubeSat Star Tracker Performance & SWAP

* Star Tracker Performance Continues to Improve and Size Continues to Shrink

* Note: table shows accuracy at low slew rate, accuracies at higher slew rates are
not well characterized for most star trackers

NanoSatellite StarTracker Attitude Size/Weight Max Slew rate Radiation
accuracy (availability tolerance

(pitch/roll) >80% for min #

Berlin Space Technologies 30/400 arcsec 36 cm3/50g 1 deg/sec CMOS - low

Blue Canyon Technologies 6/40 arcsec 250 cm3/ 350 g 2 deg/sec CMOS - low

Sinclair ST-16 7/70 arcsec 90 cm3/ 90g 1 deg/sec CMOS - low

Aerospace OCSD 12/130 arcsec 52 cm3/ 77g 1 deg/sec CMOS - low
(113g w/2 cams)

Aerospace next gen 6/40 arcsec 52cm3/ 77g 3.9 deg/sec Silicon on
(113g w/2 cams) Insulator (SOI)
CMOS - better

[1 Berlin Space Technologies. “ST-200 Flyer: Miniaturised Autonomous Star Tracker” http://www.berlin-space-tech.com/fileadmin/media/BST_ST-200 Flyer.pdf
[il T Dzamba, J Enright. “Ground Testing Strategies for Verifying the Slew Rate Tolerance of Star Trackers.” Sensors 2014, 3939-3964.
[iil J Enright, D Sinclair, K. C. Fernando. “COTS Detectors for Nanosatellite Star Trackers: A Case Study.” Conf. Small Sat. (2011).
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