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Fig. 1 Block diagram of adaptive optical system. WFS: wavefront sensor, GC: gradient
computation, WFR: wavefront reconstruction, CC: control algorithm, DAC: digital to
analog converters, HV A: high voltage amplifiers, DM: deformable mirror
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Fig. 2 Block diagram of control system
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Fig. 3 The measured closeddoop (a) and error (b) transfer function with PI controller (1) and

PID controller (2). m+ o= 2.85ms, Ty = 0.864 ms, T2= 0.398 ms
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Table 1. Comparison of reconstructed phase variance and closedHdoop wavefront residual

error variance

magnitude Sf3m /Hz B Firu o o o
m.= 1."1 94 417.30 9.0x10"’ 4.4X10° 3.72X10°° | 18.3%
m,= 2."9 27 423.80 1.1X10° 1.08X 10 ° 6.14X10°° | 75.9%

m,= 2."9 04 417.30 1.1x10°° 1.72X10°° 1.26X10°° | 36.5%
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Fig. 5 Open loop and closed4oop power spectrum obtained in star image compensation experiment.
(a) mv= 1.1, (b) m.= 2.9, closel: fsm= 27 Hz, close2: f3m= 94 Hz
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Analysis of Closed1.oop Wavefront Residual Error
of Adaptive Optical System Using the Method
of Power Spectrum
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Abstract  Closeddoop wavefront residual error of adaptive optical system
consists of the uncompensated turbulence error and closedHoop noise. The
measured closed-loop wavefront residual error is analyzed by using open-oop
and closed power spectrum. When the system noise is considered, the measured
reconstructed phase error and the closeddoop wavefront residual error are
different. Based on the difference of their power spectrum, a method of
evaluating the closed-Hoop wavefront residual error is proposed. The comparison
of the reconstructed phase error, which is calibrated in high resolution adaptive
optical system of 1.2 m telescope, and the closeddoop wavefront residual error
1S given.

Key words adaptive optics, atmospheric turbulence, power spectrum,
noise, wavefront residual error, reconstructed phase, closed-oop
bandwidth.



