
Performance Capabilities

Field of View 5 x 7 degrees 

Sensitivity Range -1 to +8 magnitude

Lost In Space Quaternion Attitude, 1-10 seconds

Progressive Image 
Transmission < 30 seconds

Temperature -20° to +40° C

Update Rate 10 Hz

Accuracy 0.5 arcseconds

SAL engineers optimized all the features essential to a quality star 
tracker by using a small format with low power requirements, off-
the-shelf components, and a modern real-time operating system. The 
ST5000 is not only less expensive than other available star trackers, 
but also  retains high sensitivity and a low measured noise equivalent 
angle. 
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Update Rate 
(Hz) 10 Hz 5 Hz 10 Hz

Weight (lb) 12 lb 6 lb 10 lb 9 lb

Power (W) 8 W 8 W 16 W 12 W

FOV (deg) 8 x 8 20 x 20 9 x 9 5 x7

Limiting Mag. 6 4.5 8.0

NEA (“) 5 <1 0.5

Number  of 
Stars Tracked 1 - 5 1 - 5 1 - 32

Low B/W 
Imaging No No No Yes

Lost in Space No Yes Yes Yes

Comparison of Available High-end Trackers
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With proven skills, the ST5000 is ready to go as is. The 
instrument’s all-sky attitude determination, sub-arcsecond 

tracking and low bandwidth Progressive Image Transmission 
make it ideal for a variety of flight applications. Engineers at 
the Space Astronomy Laboratory have identified several custom 
upgrade options to tailor the instrument for future applications. 

To improve fault tolerance:
Use a radiation-tolerant CPU with operating system 
support for single event upsets

To decrease weight and size as well as power 
requirements:

Repackage sensor electronics for a smaller footprint
Increase component density to reduce circuit board area
Digitize images at the sensor head to eliminate frame 
grabber electronics

To improve sensor performance and/or decrease weight 
(smaller lens):

Decrease pixel size while maintaining the field of view
Increase quantum efficiency

Reduce readout noise
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Star Tracker 5000  
The Next Generation

UW-Madison’s Star Tracker 5000 is a low-cost 
star tracker and digital imaging system with 

embedded data compression. At 10% or less of the 
cost of other modern star trackers, the ST5000 is an 
inexpensive solution to the critical need for attitude 
determination, fine-pointing, and imaging on small 
satellites, sounding rockets and balloons.

The ST5000 has demonstrated advanced star-tracking skill. 
In addition to tracking relative motion with rapid looks 
at the star field, the ST5000 determines its attitude with 
respect to an absolute coordinate system by analyzing star 
patterns in a particular frame. After forming all possible 
triangles in a single frame, the algorithm identifies stars 
by the ways in which they participate in many triangles of 
different sizes and shapes. With its all-sky catalogue, the 
ST5000 can determine its attitude anywhere in the sky 
without any hints.   
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Figure 1: Fidelity of a PIT visualization
The image appears very quickly, immediately showing full-
frame detail at all spatial scales and intensities. As more bytes 
are received, the image continues to improve, asymptotically 
converging to losslessness (if time allows). The original is 
shown on the left, and the center panel shows the image after 
10% of the image bytes have been received. At right is the 
difference between these two images. The lack of discernible 
structure shows the degree to which PIT preserves the essence 
of the original in the presence of lossy compression. 

ST5000 Sounding Rocket Flight 36.220 
(McCandliss, 12-Aug-2007)

Figure 3:  10 Hz Yaw, Pitch, and Roll output during the 
flight. The steps represent position offsets uplinked by 
the experimenter.

Figure 4: A closeup of the 10 Hz errors just after an offset 
request, and a 1-second boxcar average of the errors, 
representing the actual vehicle attitude jitter.  The star 
tracker RMS error is  0.54 arcseconds for Yaw/ Pitch 
and  17 arcseconds for Roll.  The vehicle RMS jitter is 0.5 
arcseconds for Yaw/Pitch and 10 arcseconds for Roll. 

Unlike other star trackers, the ST5000 also provides low 
bandwidth digital imaging capabilities with patented 
Progressive Image Transmission (PIT)  that accommodates 
low bandwidth downlinks. The PIT technique allows 
researchers to obtain large useful images (from 768 x 474) 
in as little as 10 seconds over a 4-kb downlink. The image 
updates as more data arrive.

Engineers with UW-Madison’s Space Astronomy Laboratory 
plan to improve the proven skills of the second-generation 
model. By upgrading current optics, electronics and 
associated hardware, the ST5000 will be even smaller and 
lighter with lower power requirements and faster image 
processing. Science missions of any scope would benefit 
from the relatively inexpensive, entirely unique ST5000. 

The Space Astronomy Laboratory (SAL) is a unit of the 
Astronomy Department at UW-Madison. SAL’s long history 
of instrument development includes one of the original 
Hubble Space Telescope instruments, the telescope for the 
Astro-1 and -2 Shuttle payloads, and a prime focus imaging 
spectograph for the technologically advanced Southern 
African Large Telescope.  

Figure 2: Instrument images  
At the top left is an image of the ST5000 on a Terrier-Black 
Brant sounding rocket. The controller is shown on the bottom 
left. The right image is the sensor. 

The successful August 2007 flight of the ST5000 provided 
high-precision pointing for a spectrograph designed 
by Dr. S. McCandliss of Johns Hopkins University to 
investigate the relationship between the far-ultraviolet 
scattering and extinction properties of dust and 
molecular hydrogen. Below are plots of tracker data. 


