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Abstract: Ground-based optical telescopes play an important role in space domain awareness. To address
the degradation of detection capability caused by sky background radiation and atmospheric turbulence,
this paper proposed a speckle filtering method based on atmospheric turbulence characteristics. First, the
method performed cumulative summation on sequentially stored multi-frame images to obtain a high signal-
to-noise ratio (SNR) observation image through long integration time. Then, target speckles could be ex-
tracted from the accumulated image, with an appropriate extraction threshold, combined with connected
component detection and size-based filtering. Subsequently, a direction independence speckle filter with
matching size was constructed based on the extracted speckle patterns from the accumulated image. Final-
ly, the speckle filter was applied to the latest single-frame observation image for spatial-domain filtering,

enabling effective target extraction. Experimental results show that for the observation of faint space tar-
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gets under strong atmospheric turbulence and sky background radiation, the proposed speckle filtering

method can improve the detection capability of ground-based telescopes by more than 0. 93 magnitudes.

The speckle filtering method is characterized by simple computation , fast processing and strong robust-

ness, enabling ground-based optical telescopes to achieve better performance in space object detection.
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Fig. 1 Observation data of a faint space target under strong sky background radiation
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Fig.2 Binarization and target extraction of the single-frame image
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Fig. 5 Construction of the speckle filter
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(a) Image after speckle filtering (b) Grayscale value of the target and background noise in x direction
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(c) Binarization of the image (d) Image after connected domains filtering
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Fig. 6 Result of speckle filtering
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Tab.2 Conditions for two observation experiments
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Fig. 7 SNR curve of continuous observation images in ex-

periment A
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Tab.3 Statistics of processing results in experiment A
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Fig.8 SNR curve of continuous observation images in ex-

periment B
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Tab.4 Statistics of processing results in experiment B
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Tab.5 Statistics on the ability of different processes in

improving SNR
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Tab.6 Time consumption of different processes
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