














Fig. 3. (Left) Simulated modern ST image with ram pointing orientation with 0.1 second exposure. (Right) The same
simulated ST image but with the RSOs exaggerated and circled to be seen more easily.

The short exposure time of FAI and the modern STs makes it difficult to see both RSOs and stars in the above
images. Fig. 4 and Fig. 5 show images generated with 10-second exposure times. With the longer exposure times,
stars and RSOs are easier to see in the images. The RSOs can be seen as streaks across the image instead of simply
points. However, note the difference between the stars in the two figures of 10-second exposures. Both figures have
the RSOs streaking across the image. In Fig. 4, the stars can also be seen to streak as the ST slews across the sky
during its 10 second exposure. In Fig. 5 however, the ST is pointed inertially away from the Sun and the stars
remain stationary as RSOs streak across the image.

One concern is the difficulty in actually seeing the RSOs in the images. All of the images have theoretically visible
RSOs in them. However, the only image with an RSO actually visible in it (apart from the exaggerated images) is
Fig.4. In Fig. 4 the RSO in the bottom of the image is circled in red. This may be due to an issue with the threshold
signal to noise ratio (SNR) used by the analytic simulator in determining which RSOs are detectable. Perhaps a
higher threshold is needed. The threshold used by the simulator for identifying when an RSO is detected is an SNR
of 6. This threshold is obtained from literature [4]. The RSO in Fig. 4 has an SNR of 223 (per pixel) and yet is
barely visible in the image. It seems unlikely that there is such a large discrepancy between the simulation and
literature. This suggests that the issue may not be with the threshold being used but perhaps an issue with the image
simulator itself, which will be investigated.
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Fig. 4. (Left) Simulated modern ST image with ram pointing orientation and a 10 second exposure time. (Right) The
same simulated ST image but with the RSOs exaggerated to be seen more easily. The brightest RSO is circled in red
in both images.

Fig. 5. (Left) Simulated modern ST image orientated away from the sun and with a 10 second exposure time. (Right)
The same simulated ST image but with the RSOs exaggerated to be seen more easily.

6. RSO DETECTION TECHNOLOGY

In parallel with the RSO simulator development and detection rate assessment being performed by York University,
Magellan Aerospace has been researching novel methods for identifying RSOs in ST images. Two technology
streams are being developed, one based on analytic methods and another based on machine learning.

The RSO detection analytic approach, also known as STARED (Star Tracker Analytic RSO Enabled Detector), uses
conventional image processing techniques to distinguish RSOs from background noise by comparing two processed
sequential ST images. Each image is scaled and converted to a binary image using a tuned threshold that is

dependent on the ST characteristics. Foreground objects are then labeled using a two-pass raster scan and properties
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of each object are extracted. The objects are then filtered, leaving a set of potential RSO candidates. The processed
image is finally overlaid onto the subsequent processed image. Objects from the previous and current processed
images that are close in proximity (stars with similar row and column coordinates) are filtered out, leaving behind
true RSO candidates.
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Fig. 6. (Left) processed FAI image and (Right) subsequent processed image FAI image (See Fig. 1) using STARED.
The Earth limb has been removed and the green vector represents the image boresight to the RSO.
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Fig. 7. Overlaid two sequential processed FAI images clearly showing the centroids of the RSO in pixel row and
column with the origin at the lower left corner.

The machine learning approach makes use of convolutional neural networks (ConvNets) to identify an RSO in a
given image or image sequence. By learning features that are specific to RSOs, and which distinguish them from
stars, hot pixels, particle hits, and other light sources in the image, the RSO-specific data can be identified and
downlinked to the ground for identification and analysis. The input images are first scanned (“convolved”) to
extract low-level features, using trained convolutional filter weights. Subsequent layers in the ConvNet apply
pooling to the image pixels and then convolve the resulting image with additional filters that identify higher-level
features to narrow down the RSO identification. Fig. 8 shows a sample network developed by Magellan as exercised
on an RSO detected by the FAI (see Fig. 1). By the third layer all non-RSO objects (including the Earth limb) have
been suppressed, and the strong activation from the RSO itself is clearly visible.
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Fig. 8. (Left) Activations from the first layer of a sample ConvNet, based on images of the RSO seen in Fig. 1.
(Right) Activations from the third layer, showing suppression of the Earth limb and surrounding stars, but with
strong activation from the RSO.

7. CONCLUSION

There is still work to be done on the simulator before any of the results can used to determine the feasibility of
COTS ST as a means of RSO detection and later to be used as a means of verifying and training Magellan
Aerospace’s analytic and machine learning algorithms. The simulator’s verification and validation must be
completed. First, individual components of the simulator must be verified. This process is well under way. Once that
is completed the simulator as a whole can be verified using the results and images of FAI There are also a few
issues to work out as well (such as the SNR thresholding discussed above). Once verification and validation have
been completed, the simulator can be used to officially determine the feasibility of COTS ST as a means of RSO
detection. If feasible, the project will move on to the next stage, verifying and training Magellan’s analytic and
machine learning algorithms.

That being said, the preliminary results that have been obtained by the simulator are promising and indicate that
detection rates above the baseline goal of 1-10 detections per day are likely.
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