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Discussion on band-limited numerical diffraction by using
fast convolution and variable pitch angular spectrum method
in free-space propagation
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Angular spectrum method, which gives wave fields satisfying Helmholtz equation, is the best method
in calculation of diffraction. However, numerical errors sometimes occur in the method, especially for
long distance propagation. The errors are attributed in aliasing error of the frequency response function.
A technique of band limit for avoiding the aliasing error and method for variable pitch in calculation
are proposed and discussed.
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Fig.1 Precision in calculation of diffraction.

DX RET N TREREE RS 7. 725, @ W, OBiA Screen
O FEIZEEERH D E LT, FOENENSHENEDHH, 221 Aperture
— > FOEEAER S, D kA B T A 2, 7 O 2 [EE R

27 Y= ETREWTE ZIE L <R D 72 DI LB i KRR B O
Bab525LE2. 2L D & LBRHIH Upeeg 155,

Unes = {221, +8,)}’ +1T/2 it

L7 %, 2=50[S DT AN DWW THAIEHIFR 9~ 2 JE i E A 248 2 T SIN th
ZHRIE LR % Fig3 IR T, 0L, Uneeg A T FE THAKHIFR T 2
EEFTBITHIET 22, TR ETHIUEHIHIR L < Gu;0) 24T H Fig.2 Model for required
o THRERNZ &b, frequency band.

Fig2 & EXS bbb B0, 2 NHEINT D & Uneeg DIEIZID L,
EHEFH RIS BB 2R AT ML OFPHIZED T 5. Scaled FFT Z# W5 LR UV 7 ) » 78D g(x;0) 7
DXV HEHFHDO AN MVEFHETLZZENTE D, I RDHLAIEAEIZTHIENTEDH72D, Uneed
B2 DEHTHIIEARY MVOREHHZEZ D ENTED., B 7V U 7IIED LR Y,
DX RBIME LT ARY MvEW FRET 252 LIk vREDEHEOY 7Y o ZREIEBE 0o
Yo7 TR E X R ol L 2B, b, Scaled FFT 2 W T A7 hMLOFEHHAZEZ D
ZEiZE VeV T v TR E B AN TR AIZT HZ ENTE S, FEHIITRERICRS.

4. FEH
RN I TR B TR D e 2o fif 2 5 25 50
AT RNVIEDR, JEREUSERE DAY u”eedl V¥ Uit
T 7 K0 BER IR R E A AT
LT EERRL, TOXEKE L THRIBHIRT 2
FEEZRLE. £, ThaHWTHEE Yy
FERET D HiEE R L.

40

30

SNR [dB]

Tk 20 |
1) K. Matsushima et al.: J. Opt. Soc. Am A20,
1755 (2003). 10 ‘ ‘ ‘ ‘ ‘
2) K. Matsushima: Appl. Opt. 47, D110 (2008). 0 0.01 0.02 0.03 0.04 0.05 0.06
3) Blglgliaztgtgg).K. Matsushima: Appl. Opt. 47, limiting frequency, u [4°]
4) J. W. Goodman: Introduction to Fourier
Optics, 2nd ed. (McGraw-Hill, 1996), Fig.3 Dependence of precision on limiting frequency.
chap. 3.10.
5) D. H. Vailey, et al.: SIAM Rev. 33, 389(1991).
6) R.P. Muffoletto, et al.: Opt. Express 15, 5631(2007).




	Discussion on band-limited numerical diffraction by using fast convolution and variable pitch angular spectrum method in free-space propagation

