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uz(x, y) = J‘JL/‘\F exp (jkr) ui(xo, yo) dxodyo (1)
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= A (xo, yo) exp [j¥(xo, yo)1, ol
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Gy = J‘ﬁAdeodyo/ J deodyo: 2lec/f2\ (5)
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Fig 1A disturbed wavefront phase af-
ter propagating a laser bean in

21T

turbulent amosphere (w ithout

“ phase cutting”). Computation-

al conditions are samew ith those
1 in Table 1
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Table 1 Computational resultsw ith AO phase compensation of many times iteration
Computational conditions
A= 632 8 nm, propagation distance is 340m, focussed beam: ro= 50mm (Ci= 2
78x 10 “m" ”); 10 phase screens grid points of propagation are 128x 128, grid
points of phase screen are 512x 512 ; seedsof random number: [X= 691709053,
IY = 610149156; V = 0; 1 time turbulence realization AO systam: 37 units sys
ten; b= Q 15, d= 100/@ mm; computing focussing by meansof FFT w ith 32
x 32 grid points

cm(’)lopnudt;‘:t\;i;nal phase is Imiltdwithin (- m ) after* phase cutting”
number of e palsTRBISTRA VAL -ttt | y-tilt STRAISTRBISTRG Y2 @1 - tile | - tilt
iteration of phase of phase
0(open-loop) |. 475|. 505|. 469| 4 7568 | Q 0000 | Q 0000 |. 475|. 505|. 469| 2 0776 | Q 0000 [ Q 0000
1 . TA7(. 775|. 772| 4 8937 [-Q 4419| Q 3229 |. 747|. 775]. 772(Q 55655|-Q 4419 Q 3229
2 . 799]. 810(. 810( 5 2581 (-Q 7272 Q 2697 |. 799|. 810|. 810|Q 46953|-Q 7272| Q 2697
3 . 807(. 811|. 813 5 4267 [-Q 9624| Q 1936 |. 807|. 811]. 813(Q 35431|-0 9624 Q 1936
4 . 812|. 814(. 815( 5 4437 (-1 1354| Q 1353 (. 812|. 814|. 815|Q 29745| -1 1354| Q 1353
5 . 812|. 813(. 816( 5 4341 (-1 2662| Q 09219 (. 812|. 813|. 816]|Q 26522| -1 2662| Q 09219
6 . 806(. 812|. 815( 5 5034 -1 3642| Q 06051 |. 806|. 812|. 815(Q 24862(-1 3642 Q 06051
7 . 811|. 815(. 815( 5 4999 (-1 4378| Q 03732 (. 811|. 815|. 815|Q 24006| -1 4378| Q 03722
8 . 817|. 814(. 814| 5 4735 (-1 4930| Q 02031 (. 817|. 814|. 814|Q 23591| -1 4930| @ 02031
9 . 820(. 814|. 814| 5 4757 (-1 5345| Q 00786 |. 820|. 814|. 814(Q 23406(-1 5345 Q 00786
10 . 821|. 814(. 814| 5 4707 | -1 5657| Q 00126 |. 821|. 814|. 814|Q 23338| -1 5657| Q 00126

Fig 2 Corrected w avefront phase of Fig 1 after

phase compensation of AO systen. (1 Fig 3 W avefront phase of Fig 1 (after” phase
time iteration) cutting”)
1 , )
: , . 1 2
, ) 4 5
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(ro= 50mm,

),

Table 2 A veraged computational results of many times turbulence realization and compari-
2n of resultsof computing focussing by meansof FFT to those by meansof the in-
tegration method Computational conditions 4 times iteration; othersare sanew ith
those in Table 1

oomput.aqional open-loop computing focussing. by means of oomputing focussfing by means of
condition FFT (32x 32 grid points) the integration method

tg?zié‘r‘;giﬁgr STRA|[STRB|STRC| STRA | STRB | STRC | STRA | STRB | STRC
1 . 293 |. 410 |. 338 . 810 . 819 . 819 . 810 . 818 . 819
2 . 327 (. 424 (. 406 . 812 . 827 . 827 . 812 . 828 . 828
3 . 224 (. 314(. 311 . 820 . 835 . 836 . 820 . 835 . 836
4 171 (. 304 (. 268 . 786 . 826 . 826 . 787 . 826 . 826
5 . 137 1. 259 |. 236 . 785 . 828 . 828 . 785 . 828 . 828
6 L 137 (. 291 (. 278 . 794 . 836 . 836 . 794 . 837 . 837
7 . 134 (. 294 |. 269 . 791 . 837 . 837 . 791 . 837 . 837
8 . 124 (. 280 |. 265 . 803 . 842 . 842 . 803 . 842 . 842
9 . 114 |. 257 |. 265 . 810 . 844 . 844 . 810 . 844 . 844
10 . 107 |. 242 (. 236 . 812 . 844 . 844 . 812 . 845 . 845
20 . 0884). 221 |. 221 . 807 . 840 . 840 . 808 . 840 . 840
30 . 0905|. 233 |. 237 . 801 . 839 . 839 . 801 . 839 . 839
40 . 0830(. 235 (. 233 . 792 . 834 . 834 . 792 . 834 . 834
50 . 0852|. 243 |. 245 . 791 . 834 . 834 . 791 . 834 . 834

, (1)
; f
; 2

3 4 5ms

: ( :

( ro= 50mm V> 2m/s),
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Table 3 Comparison of computational resultsof laser propagationw ith AO phase compensa-
tion to thosew ith complete phase compensation and those of open-loop w hen con-
sidering time delay
Computational conditions average of 50 times turbulence realization; delay tme is
4 5ms 4 times iteration; othersare samew ith those in Table 1

wind w ith complete phase with AO phase
peed compensation compensation
m/9) STRA | STRB | STRC [ STRA [ STRB | STRC | STRA [ STRB | STRC
. 972 . 978 . 978 . 792 . 835 .835 | .0852 | .243 . 245
2 . 570 . 673 . 673 . 552 . 666 . 667 | .0895 | . 241 . 253
4 . 259 . 412 . 412 . 269 . 442 . 443 | . 0950 | . 240 . 254
6

8

open-loop

. 149 . 290 . 294 . 162 . 316 .322 | . 00918 | . 241 . 252
. 107 . 240 . 241 . 119 . 263 . 226 | .0881 | .216 . 246

10 . 0843 . 217 . 208 . 0945 . 241 . 232 . 0879 . 233 . 252

13 . 0683 . 185 . 182 . 0769 . 204 . 204 . 0862 . 248 . 250
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Numer ical Smulation of an Adaptive Optics System:
D irect Wavefront Gradient Control M ethod

Y an Haixing Zhang D eliang L i Shushan
(Institute & M echanics, ChineseA cadeany o Sciences, B eijing 100080)
(Received 19 June 1996; revised 16 September 1996)

Abstract By using the direct wavefront gradient control method, numerical
smulation of all partsof an adaptive optics (AO) systam is carried out W epre-
sent* phase cutting” of the calculated phase to lve the problen that variance of
the calculated residual w avefront is not correponding to the correction effect of
AO systan. The computational results in maging of lenses by meansof the fast
Fourier transform (FFT) method agree excellently w ith those by meansof inte-
gration method It isfound for the first time that for a constant delay time of an
AO systan, the compensation effect of the AO systan is better than that of
comp lete phase compensationw hen the velocity of lateral w ind exceeds a thresh-
old It is shown that a better compensation capability of an AO system does not
mean a better correction effect

Key words adaptive optics, phase compensation, numerical smulaion



