N S S
#1366 3 ot - - il Vol. 36, No. 3
20164F 3 A ACTA OPTICA SINICA March, 2016

Zernike 2 0 A6 23 1] 55 38UAH A7 400 A ) 50t T
KWE BN & F % W

DU R 2 i 15 B 24 Be, DI AR 610064

FEE  LABEALAR AL AL 1 6 ok A i AR B 528 JHS [ B 4401 Zernike 22 WO HBEAT LG o 382 X6 L 43 A7 Dt s D
B A A0 A DR T RS B A T D A A B P Zernike 22 30 2 I R AP i A0 20480 A A AR IR R g i 4
T BT Zernike Z IR 1Y 43 PG Ir M LASGH . AFFR SRR AL LG T BEE A BB 3, e v
A S5 WL 4D 90 7 A S 2 TR] A5 258 526 ¥ 1) v 05 1R 7 Je R HL 3 JR 32 0 AN 5 1 A B {6l SR T 45 %5 1 4005 B 48, Zernike
22 I X LA VHE A 52 e 5 T TRDA 3 o 1) 1 A 4 5 100 SR T 43 Bl 7 I L Zernike 230K 100G RO BT B4R T,
IF BB A 25 W W 75 I I 2 R AT r A g A 4 5 7 A v D T AL SR BE b, 3N A3 R B S8R W A T RGN Zernike
Z I A BB X T A BE T 20, 2 A BB — s L 3 K IS T T 1 Zernike BB P06 28GR BT AR T
B KA ARIU G T FH 1 Zernike B 482

KEIR WOLN,; Zernike Z I, P LA 45 R R

RESES 0439 XHRFRIRAS A

doi: 10.3788/A0S201636.0314001

Improvement Method for Fitting High-Frequency
Phase by Zernike Polynomials
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Abstract A model for wave-front distortions is built up based on the random phase screen, and the wave—front
is fitted by Zernike polynomials with different orders. By comparing and analyzing the power spectrum density (PSD)
of the original wave—front and the fitted one, the correspomding relationship between the used orders of Zernike
polynomials and the spatial frequency of the wave-— front is obtained. Consequently, the insufficient of the
conventional method for fitting high frequency phase by Zernike polynomials is revealed, and the local fitting method
based on Zernike polynomials is further proposed. In this improvement method, the residual wave—front in the
conventional fitting way is decomposed into many subdomains fitted by Zernike polynomials individually. The results
indicate that, in the conventional fitting way, the range of spatial frequency of the wave—front that can be accurately
described by Zernike polynomials increases gradually with the fitting order of Zernike polynomials, but the increment
is modest; even fitted by Zernike polynomials with much higher order, it’s difficult to describe the high frequency
components of the wave—front accurately. However, the spatial frequency of wave—front accurately described by
Zernike polynomials obviously increases by using the local fitting way. In order to increase the fitting accuracy,
increasing the number of subdomains is more superior than increasing the number of the used orders of Zernike
polynomials. For the number of subdomains in the local fitting way is fixed, increasing the used orders of Zernike
polynomials in subdomains makes more precise fit than increasing the number of overall fitted orders.
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Table 1 Value of PV, RMS and residual error Aq in wave—front fitted by Zernike polynomials with different orders

(6)

Original Orders of Zernike polynomials
wave—front 27 63 107 163 227
PV/A 3.0172 2.9262 3.0149 2.9846 2.9973 2.9714
RMS /A 2.7769 2.7758 2.7765 2.7767 2.7769 2.7767
RMS(Ag)/A 0 0.0990 0.0733 0.0667 0.0663 0.0649
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Table 2 Accurate fitted spatial frequency by Zernike polynomials with different sizes of wave—front

Side length of the wave—front/mm 20 30 40 50 60

Spatial frequency/mm”™ 0.175 0.126 0.075 0.060 0.051
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Table 3 Value of residual RMS and calculation time for wave—front fitted by different orders of

Zernike polynomials when the section number is 4x4

Original Orders of Zernike polynomials
wave—front 27 63 107 163 227
RMS(Aq) /A 0 0.0167 0.0153 0.0149 0.0146 0.0142
Time /s t 3.6t 10.36t 27.8t 66.41
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Table 4 Value of residual RMS and calculation time for wave—front fitted by 27 orders Zernike polynomials with different section numbers

Original Section numbers of one dimensional
wave—front 4 8 10 12 20
RMS(Aq) /A 0 0.0167 0.0104 0.0096 0.0089 0.0086
Time /s t 1.7t 3.2t 16.8¢ 42.6t
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Table 5 Value of residual RMS in two kinds of methods fitting the different PVs of the wave—{ront

Three kinds of original random wave—front

O Q> Qs
PV of original wave—front/\ 2.7992 4.6846 9.8376
conventional fitting 0.1147 0.1217 0.1346
RMS(Ag)/A
local fitting 0.0091 0.0094 0.0093
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