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Abstract Incoherent digital holographic adaptive optics is a new technology of wavefront sensing and correction.
Combined with appropriate numerical algorithm, wavefront sensing and compensation can be achieved by the
wavefront recording and reconstruction ability of the holography. Based on the basic principle of the Fresnel
incoherent correlation holography (FINCH) , the incoherent digital holographic adaptive optics is investigated through
theoretical analysis and simulations. Holograms of the guide star and the distorted object are recorded respectively
using a modified Michelson interferometer. Aberrations in the distorted hologram can be compensated digitally by
using the complex conjugate of the guide star hologram. The effect of the size and position of the guide star on the
wavefront compensation are investigated quantitatively through experiments. The aberrations can be well
compensated by the guide star chosen from a suitable area which is measured by the parameters of system.
Furthermore. the isoplanatic region of the system is demonstrated.
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Fig. 1 Scheme of incoherent digital holographic
adaptive optics
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Fig. 2 Correlation coefficient curve of the guide star
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Fig. 3 Simulation results of wavefront correction effect with the different positions of the guide star in the IDHAO system.

(a) Original object; (b) additional aberration; (c¢) complex-value hologram with aberration of the guide star in the

center location; (d) the complex-value hologram with aberration of the object; (e) reconstructed image without

aberration compensation; (f) reconstructed image aberration compensation when guide star in the center; (g) guide

star hologram with a distance of 2. 5 mm to the origin; (h) reconstructed image aberration compensation by the guide

star hologram of (g)
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Fig. 4 Optical set-up of the experiments
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Fig. 5 Experimental results of wavefront correction depends on the size of guide star in the IDHAO system. the corrected

image by the guide star with diameter of (a) 50 pm, (b) 100 ym, (¢) 250 pm
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Fig. 6 Experimental results of dependence of wavefront correction on the position of guide star in the IDHAO system. (a)

One of the raw holograms with aberration; (b) uncorrected image; corrected image by the guide star (c¢) in the

center, (d) in the x, axis 2. 5 mm; (e) in the y, axis 2. 5 mm; (f) the full width at half maximum of the center

pinhole in Fig. 6(b) .(¢) and (d)
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