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Effects of Imaging System Noise on the Correction Capability of
Adaptive Optics without a Wavefront Sensor
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Abstract The atmosphere turbulence and imaging system noise can degrade and distort the imaging of the extended
object. Adaptive optics technology is usually used to mitigate the wave-front aberrations caused by the atmosphere
turbulence. An adaptive optics (AO) system with stochastic parallel gradient descent (SPGD) algorithm and a 61-
element deformable mirror is simulated to restore the image of a turbulence-degraded extended object and the gray
level variance function is used as the optimized object by controlling algorithm. Based on the above simulation mode,
effects of imaging system noise on the correction capability of adaptive optics are discussed. The results show that the
correct capability is not affected when the signal noise ratio (SNR) is bigger than 20 dB for relative small turbulence,
while the correction capability becomes worse obviously as the SNR decreases. Under the same SNR, the stronger the
turbulence, the bigger the effect on the correction capability.
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Fig. 1 Original image (a) and

the ideal imaging result (b)
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Table 1 Value of performance metric versus Rsy

o (no

SNR /dB _ 20 15 10 5
noise)

Performance metric 849 855 867 889 1036
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Fig. 4 Comparison of Rsz evolution curves under different Rsy and turbulence conditions
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Fig.5 Comparison of imaging results before and after adaptive optics correction under D/, =5 and Rsy is 20, 10 and

5 dB respectively. (a)~(d) are imaging results before correction, (e)~ (h) are imaging results after correction
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Fig. 6 Comparison of imaging results before and after adaptive optics correction under D/r, =20 and Rsy is 20, 10 and

5 dB respectively. (a)~(d) are imaging results before correction, (e)~ (h) are imaging results after correction
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