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Fg.2 Hfectsdf conputation grid densty on the conputationd results of numericad smulation. Horizontal propagation of a laser beam within
digance of one kilometer , focused beam, wavdength o both beacon beam and main laser beam is 0. 6328 micrometer, 10 phase
sreens, ¢ =10 *° m % | anoopheric coherence length 1, =9. 63 cm; adaptive optics sygem of 61 units (with 48 subapertures) |
there is no deadspace between the CCD pixels, without the readout noise and the photon noise, laterd wind speed v =3 m/s, the dday
time t =5 ms, 100 turbulence redizations
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Hg.3 Hfectsd the radius of focd got for each subgperture on the conputaiond resuitsdf numerica smuletion.
Qonmputationa conditions: same asthose in Fg. 2



548

21

3)

5

r
f
g

404

128 x 128

Tuxarsy

1

10 20 30 40 50 &0
Square root of the CCD pixel nurnber
for each subaperiure

T

70

(

Q.
0.

Hg.4 Hfectsd the CCD pixd number for each subaperture on the conputationd
Gonputationa conditions: same asthose in Hg. 2

() coo
cD , 5
1 )
2D/ (2D +L) ,
(8x8)
, 0.50,
504 /
401
£, /“
=0 _/_0,‘”4
520 /"”4 . ﬁig
o e - LOX1D
o e .
0.0 0t 0.2 0.3 0.4 0.5

Proporiion of deadspace ta
the whole length for each pixel

0.60

® o oo 0

c%e o

)

75

TOH  auxamm

*

0 16 20 30 40 S50 60 70
Square root of the CCD pixel number
for each subaperture

resuts of numericd smuation.

, CCD
L
(4x4)
1
0.125 ,
- MH L‘:—:n—m_p—‘ J— —a
T,
. 63 ""-—:..._ﬂ
. 66
a 4x4
1 - -6X6
64 —-8x8
621 “*-10 x 10 \

0.0 0.1 6.2 0.3 0.4 0.5
Proportion of deadspace 1o
the whole length for each pixel

Hg.5 Hfectsd the deadgpace between two CCD pixdson the conputationd results of numerical smulaion. Conputational
conditions: same asthose in Hg. 2 except for those indicated in the figure
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Fg.6 Hfectsd the readout noise on the conputationd results of numericd dmulation. Computationa conditions: without the photon moise,
proportion of the deadpace is0. 125, countsdf photon eventsfor each CCD pixe are 10, others are same asthose in Hg. 2 except for

those indicated in the figure
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Fg.7 Hfectsd the photon noise on the computationd results of numericad smulation. Conputaiond conditions: without the readout moise,
proportion o the deadgpace is 0. 125, others are same asthose in FHg. 2 except for those indicated in the figure
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Fg.8 Hfects of the photon roise and the readout moise on the computationd results of numericd smulation. Conputationa conditions:
proportion of the deadgace is0.125,0, =2, others are same asthose in Fg. 2 except for those indicated in the figure
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Fg.9 Conprehendve dfectsdf severd factorson the computationd resuitsof numericad smulations. (a) 0, =2; (b) 0, =30. Conmputationd
conditions: proportion of the deadgpace is 0. 125, the delay time when the pixel number for each subgpertureis4 x4is1.25 ms, the
delay time for the pixd number of 6 X6 is2.81 ms, the deay time for the pixd number of 8 x8is5 ms, the dday timefor the pixd
number of 10 x 10is7.81 ms, the dday timefor the pixd number of 12 x 12 is11. 3 ms, others are same asthose in FHg. 2 except for
those indcated in the figure
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Table 1. Gonparion of conputationa results of numerica , ,
smulation by usng gatigics method with that by
ud ng formulation method

dgnd to gatidics method formulaion method

roie ratio | E (%) S E (%) S
no_error 0 0.6996 0 0. 6996
10000 2.891 0.6993 2.883 0.6993
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Numerical Smulation of an Adaptive Optics Sysem: Hfect o Noise
and Detection Error
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Abdgract: Hfect of noise and detection error isone of three inportant factors &fecting the performances
of an adaptive optics (AO) sygem. In an AO sysem, noise and detection error can produce errorsin the
tilt detection of a Hartmann-Shack (HS) wavefront sensor and have further efects on the performance of
the AO Sygem. A theoretica nmodd of numerically smulating the efects of noise and detection error is
presented and a conmputer program has been cormpiled , which is combined with our exiging program of
numerical dmulation of the laser propagation in turbulent media and an AO sysem. The dfects of
detection error, readout noise and photon moise on a practical AO sysgem have been namericaly
dmulated. The results are quite ussful for the desgn of a practical AO sygem.
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