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Abstract: To match automatically rotated stellar images, a rotation invariant matching method based
on invariant feature descriptors was proposed, in which the Speeded Up Robust Features (SURF) was
used to describe and match star features for the first time. First, a stellar image was segmented, and
the non-maxima value was suppressed to extract star points in the stellar image. Then, a star distri-
bution scale factor was calculated, the dominant orientation was obtained in a circle region with a radi-
us of 65, and the 205X 205 local region was rotated to the dominant orientation. In the local region,
the SURF descriptor was calculated for each star. Finally, an automatic matching strategy based on
the difference between dominant orientations was proposed. By this method, the threshold was calcu-
lated automatically and the transform matrix was given. Experimental results demonstrate that the
proposed method can robustly detect star features and achieve a high precision stellar image matching

between images with rotation, translation and perspective change. Obtained results show that corre-
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spondent star errors is below 1 pixel and 1. 5 pixel for simulation and real image experiments, respec-

tively. It indicates that the method to apply SURF descriptor to star matching and recognition is feasible.

Key words: star extraction; star matching; Speed-up Robust Feature(SURF) descriptor; Scale Invari-

able Feature Transformation(SIFT) descriptor
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Fig. 2 Detection result of star points
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Fig. 3 Difference of large region and local region
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Fig.4 Matching results with different scale factors
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Tab.1 Extracted star features by proposed method

BEAEE  EE 30° 60° 90° 180°

M29 1183 1208 1207 1230 1209
M35 2633 2797 2790 2741 2709
M48 3180 3222 3257 3159 3170
M50 2921 2940 2973 2911 2902
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(c)Matching results when (d)Matching results when
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Fig. 6 Simulated image matching results
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Tab. 2 Matching results by proposed method

PERCECH 30° 60° 90° 180°
M29 176 147 222 274
M35 255 245 417 458
M48 275 293 481 524
M50 238 247 457 499
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Tab. 3 Matches with error less than 1. 5/1 pixel

PERCECH 30° 60° 90° 180°
M29 170/146  141/129 215/211  269/256
M35 242/220  242/226  405/385  456/426
M48 273/242  278/250  481/471  524/511
M50 238/221  244/231  457/444  499/490
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Tab.4 Errors by proposed method

error 30° 60° 90° 180°

M29 0.530 8 0.579 4 0.208 2 0.183 6
M35 0.774 1 0.573 0 0.329 6 0.182 3
M48 0.599 0 0.6137 0.054 0 0.114 2
M50 0.524 4 0.597 4 0.078 0 0.0841
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Fig. 7 Real stellar images
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Fig. 8 Matching results of stellar image pair 1
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Fig. 9 Matching results of stellar image pair 2
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