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Analysis of Wavefront Correction Experiment Based on 19-Channel
Piezoelectric Deformable Mirrors
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Abstract Piezoelectric deformable mirrors(PDM) is a widely-used wavefront corrector in the adaptive optics which
is to compensate for the wavefront aberration generated by the atmosphere turbulence in astronomical telescopes and
laser communication systems. Analyzing the performance parameters of PDM, like fitting error, actuators’ number
and spatial arrangement, dynamic range. we designed an experimental adaptive optic system based on 19-channel
PDM. This system uses Zernike modal approach to reconstruct the wavefront and real-time control PDM to
compensate three wavefront aberrations: defocus, astigmatism and coma simulated in Matlab in a negative feedback
closed loop. The experimental results show that the piezoelectric deformable mirrors have good correction capability

)

for wavefront aberration in negative feedback closed-loop adaptive optic system.
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Table 1 Fitting coefficient ar value of different deformable mirrors

Types of deformable mirrors ar /(rad®) Actuators per segment
Piston only(square segments) 1. 26 1
) Piston only(circular segments) 1. 07 1
Segmented mirror } .
Piston plus tilt(square segments) 0.18 3
Piston plus tilt(circular segments) 0.14 3
Continuous deformable mirror 0.28 1
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Fig. 1 Schematic diagram of experimental system
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Fig. 2 Simulated wavefront aberration in Matlab. (a) defocus; (b) astigmatism; (c¢) coma
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Fig. 3 Corrected wavefront surface. (a) defocus; (b) astigmatism; (c¢) coma
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Table 2 Comparison of aberrated wavefront and corrected wavefront

P-V value /A RMS value /A Strehl  Correction frequency /Hz Iteration
Reference WF 0.629 0.115 0. 506 0 0
WF with defocus 2.115 0.503 0.022 0 0
Corrected WF with defocus 1. 080 0.211 0.229 29.68 540
WF with astigmatism 2.942 0. 546 0.016 0 0
Corrected WF with
. ) 0. 586 0. 100 0.599 28. 89 360
astigmatism
WF with coma 2.123 0. 444 0.006 0 0
Corrected WF with coma 0.748 0. 131 0. 430 28.75 460
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frequency analysis of wavefront compensation capabilities of
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