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Abstract In order to improve the centroid location accuracy of fine guidance sensor in dynamic environment, a two-
step restoration method is proposed to solve the problem of star spot trailing caused by angular motion of carrier and
small amplitude random vibration. Constrained least squares filtering is used to eliminate the long tail of the star
spot caused by the angular motion of the carrier according to the fuzzy kernel function detected by the two fast
Fourier transforms of the blurred star spot. Aiming at the residual blurring caused by small amplitude random
vibration of the carrier, the clear star spot gradient distribution prior is used as a regular constraint to iteratively
blind restoration of the coarse restoration results. The half-quadratic optimization algorithm is introduced to solve
the non-convex cost function to improve the convergence speed of the iteration. The experimental results show that
the restored star spot is close to the Gauss distribution in the dynamic environment of 4000 prad/s angular velocity,
and compared with the inverse filtering and R-L methods, the peak signal-to-noise ratio is 61.9% and 32.9% higher
and the error of centroid location is 59.9% and 43.4% lower, respectively.
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(¢) upgraded spot amplitude spectrum; (d) improved detection result
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different disturbance amplitudes
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Table 2 Experimental results at 3.3 Hz with different disturbance amplitudes

Disturbance

PSNR after restoration /dB

Centroid localization error /pixel

amplitude /prad Inverse filtering R-L Proposed Inverse filtering R-L Proposed

500 16.62 20.02 28.21 0.713 0.466 0.311
400 17.56 21.15 30.05 0.510 0.357 0.213
300 18.27 22.84 31.70 0.398 0.267 0.134
200 19.11 24.14 32.11 0.321 0.151 0.069
100 21.36 27.25 35.51 0.159 0.094 0.052

40 0.8

(a) -0 d (b) -0 proposed
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35 ;\_\ -4 inverse filtering = 0.6 ~4- inverse filtering /,/
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Fig. 11 Experimental curves of 3.3 Hz with different amplitudes. (a) PSNR; (b) position error
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Fig. 12 Contrast of star spots before and after restoration
under 4000 prad/s. (a) Original star spots;
(b) restored star spots
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Table 3 Experimental results of restoration at 4000 prad/s

PSNR after Localization

Algorithm
restoration /dB error /pixel
Inverse filtering 19.53 0.312
R-L 23.78 0.221
Proposed 31.61 0.125

A )7 B R )5 1) PSNR {H 48 b T 356 1 I
FR-L FEEE T 61.9%.32.9% , B S E V1R 220
INT 59.9% .43.4%,
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