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Fig.3 Diagram of the amulated frequency regponse sgnd of an

AO sysemitsdf (without controller) . Input : sne-wave

sgnd with amplitude of 1
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Fig.4 Diagram of the dmulated frequency regponse dgnas of

an openrloop AO sysem with an unstable controller at
frequenciesof 25 Hz, 50 Hz, 80Hz. Input: Sne-wave
sgnas with amplitude of 1
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Table 1. Numerica dmulation resultsof frequency reponse of the 61 dements AO system with frame f requency
of 838 Hz by udng dngle frequency and multiple frequency inputs

numerica dmulation | numerica smulation
numerica dmulation | results by usng composte | results by uing composte
begt fit of the experimenta ) ) . Y g omp . ) Y 9 PO )
frequency dat results by wusng dndle | input of 16 frequencies | input of 500 frequencies
a
/ Hz frequency input with initiad amplitudesof 1 | with initia amplitudesof 1
and normdization and normdlization
gain/ dB phase/ (°) gain/ dB phase/ (°) gain/ dB phase/ (°) gain/ dB phase/ (°)
20.85 -1.78 - 23.26 -1.78 -23.34 -1.82 - 23.66 -1.71 -21.16
29.20 -1.79 - 32.59 -1.80 - 32.67 -1.84 -33.14 -1.70 - 30.65
41.71 -1.83 - 46.54 -1.84 - 46.67 -1.87 - 47.36 -1.70 - 44.87
54.22 -1.88 - 60.49 -1.89 - 60.67 -1.92 - 61.59 -1.72 - 59.09
66.73 -1.94 - 74.47 -1.95 - 74.67 -1.99 - 75.82 -1.76 -73.31
79.25 -2.02 - 88.43 -2.03 - 88.67 -2.07 - 90.04 -1.81 - 87.52
100. 10 -2.18 -111.71 -2.19 - 112.01 -2.22 - 113.75 -1.94 - 111.19
120.95 -2.37 - 135.00 -2.38 - 135.35 -2.42 - 137.45 -2.12 - 134.85
141.81 - 2.60 - 158. 25 -2.62 - 158.68 -2.65 - 161.17 -2.34 - 158.50
166.83 -2.92 - 173.80 -2.95 173.32 -2.98 170.38 - 2.67 173.14
196.03 -3.37 141.26 -3.41 140.65 - 3.44 137.19 -3.13 140. 08
225.23 - 3.90 108. 64 - 3.9 107.98 -3.98 104.01 - 3.68 107.05
262.76 -4.70 66. 75 -4.77 65. 98 -4.79 61.34 - 4,53 64. 63
308. 64 - 5.88 15.50 -5.97 14.65 -5.98 9.19 -5.78 12.85
358. 69 -7.42 - 40.30 -7.55 -41.35 -7.55 - 47.70 -7.41 - 43.59
415.42 - 9.55 - 103.65 - 9.62 - 105. 00 - 9.59 - 112.36 -9.14 - 109. 96
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Fig. 5 Bode diagram of an AO sysem itsdf (without
oontroller) . Wherein solid line represents the best fit of )
experimentd data, the olid cirde represents the
numericad dmulation resultsof amplitude reponse, and
the hollow circle represents the numerica dmulation
results of phase reponse )
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Table2. Numerica dmulation results of bandwidth, phase margin, gan margin and Srehl ratios of an AO
system with a Pl controller

bandwidth phase margin gain margin Srehl ratio Strehl ratio Srehl ratio

u o / Hz 1 (°) /dB oondition 1 oondition 2 oondition 3
1.00 0.20 21.7 70.1 13.5 0.171 0.072 0.093
1.00 0.25 26.7 64.7 11.6 0.204 0.078 0.092
1.00 0.30 32.5 60.1 10.0 0.233 0.082 0.090
1.00 0.35 37.5 55.5 8.6 0.257 0.084 0.087
1.00 0.40 43.4 50.2 7.4 0.274 0.084 0.083
1.00 0.45 48.4 45.6 6.4 0.285 0.082 0.077
1.00 0.50 53.5 40.2 5.5 0.286 0.078 0.071
1.00 0.55 58.9 35.0 4.7 0.278 0.072 0.062
1.00 0.60 64.2 31.2 3.9 0.260 0.063 0.053

Computational conditions: The 61 eements AO system with frame frequency of 838 Hz, 1000 times of dynamic iteration,
propagation distance of 3 kilometer, C2 = 10" m™ 2 thelatera distance between target and beacon Xo = 0, V.isthe veocity of
target , Voisthelatera wind eed. Condition1: Vo = 5m/s, V. = 0; Condition 2: Vo = 10m/s, V.=0; Condition 3: Vo =
5m/s, Vc=-50m/s
Numerica dmulation of an adeptive optics sysem with
laser propagation in the atmogphere. Appl. Opt. , 2000,
39(18) :3023 2031
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Numerical Smulation of an Adaptive Optics System : Dynamic Control
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Abstract : A numerica dmulation of the dynamic control processin an AO system is carried out
to complete a comprehensve numericd dmulation of an AO system. In comparion to the
theoretical analysesof automatic control , the numerical 9 mulation of dynamic control processin an
AO system is advantageous. The frequency regponse characteristics are closaly related to the
dynamic control performance of an AO system. A numerica smulation of the frequency response
characteristicsin an AO system is presented as well. The numerical Smulation results agree with
the experimenta data excellently. The smulation caculation resultsof frequency regponse by usng
composdte input of multiple frequencies are comparable to the snglefrequency smulation results
quite well and usable to determine the practicad parameters of bandwidth and margins. The
computing time of multi-frequency s mulation calculation is much shorter than that of the sngle
frequency smulation caculation. The performancesof an AO system can be efectively investigated
by means of a combination of the numericad Imulation of frequency reponse characteristics with
that of long-exposure Strehl ratio.

Key words:  adaptive optics; numerical dmulation; dynamic control ; freguency response;
proportiona plusintegra controller



