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Abstract: With the improvement of limiting magnitude detectivity of star sensor, the number of dark stars in
guide stars and the recognition feature library are dramatically increased, which lead to more time-
consuming and higher mismatching rate in star-map recognition. By understanding the principle and
deficiencies of traditional triangle star map recognition algorithm, and combined with idea of the main star
recognition algorithm, a fast all-sky autonomous dark star identification algorithm is proposed, which takes
the main star-pair angular distance and triangle perimeter as the recognition features. Since 9.0Mv all-sky
guide feature library is too cumbersome to develop, a NVIDIA Graphics Processor Unit (GPU) parallel
computing architecture is adopted to improve the processing speed, which shows that the computation by
CUDA is more than 20 times faster than that by CPU. A hash function is constructed for the feature library
according to the triangle perimeter and is segmented into sub-blocks. In the process of star identification, the
hash look-up method is applied for the triangle perimeter to realize the fast positioning of sub-blocks, while
the recognition of star angular distance is only implemented within the corresponding sub-block, which
improve the recognition speed and the recognition success rate. Finally, based on a series of real star maps, the
experiments are made to verify the star recognition algorithm based on star angular distance and the one based
on triangle perimeter, which show that two algorithms can both achieve 9.0Mv star recognition, while the
average recognition time is 37.7123s and 2.0422s, respectively, which show that the algorithm based on
triangle perimeter has obvious advantages, and can greatly improve the data update rate of the star sensor.
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Struct Triangle
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Fig.1 Corresponding sub sky area of FOV of star sensor
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Tab.1 Parameters of ship-borne star sensor

Parameter Value
FOV/(°) 4x4
Pixel number 1024x1024
Focus/mm 198.9432
Star detectivity/Mv 9.0
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Tab.2 Contrast of guide feature library building time

Parameter CPU GPU Acceleration
Sub-block segmentation  321.028s  13.547 s 23.70
Main star-pair set up 545385s  17.868 s 30.52
Feature lib built 15130.01s 365.824s 41.35
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Fig.4 Result of star extraction
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Tab.3 Identification result of the algorithm proposed
Point . . Grey Reference Identification Right Declination/ .
Id Xlpixels Yipixels Value Star ID Star ID Ascension/(°) °) Magnitude/Mv

1 797.9158  411.3926 4590 117995 117995 192.306938 83.412904 5.288

2 459.3819  942.4562 1754 117901 117901 181.117138 85.587134 6.329

3 887.7991  191.0007 1503 118005 118005 193.555602 82.517724 7.246

4 323.2683  957.0255 1368 117854 117854 174.287347 85.617320 7.359

27 49531580 810.0263 909 117912 117912 182.655292 85.078797 8.717
28 183.0000 961.53260 908 117812 117812 167.394565 85.544 232 8.397
F4 FEMBREINRINERZIN
Tab.4 Influence of photometric magnitude on identification
PointId  X/pixels  Y/pixels Grey Value Identification Star ID  Right Ascension/(°) Declination/(°) Magnitude/Mv
1 380.3725 548.0470 1381 64129 229.149170 9.712993 6.770
2 371.4902 192.8434 1324 80284 228.196548 10.702310 6.646
3 882.3679 226.3453 1418 64051 226.887283 9.226050 7.352
10 670.4881 115.9371 1106 (64088) 0 0 0
17 117.0000 849.7177 920 (80277) 0 0 0
20 800.0000 670.7857 881 64103 228.330841 8.245168 8.788
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