38 H10M Hr ot Vol. 38, No. 10
2011 48 10 A CHINESE JOURNAL OF LASERS October, 2011

T 5807 AN By S AR T
I 5 € ) 535 Ml

iRk A B AUX A £

(AL TR 2622 ¢, db st 100081)

WE ETHFEMBAT W EE. T CCD RIT R BEYLIR S F i 158 22 X0 R AL T 3 4 80 & &l 5
SON LG 5200, I T 85 45 BOIAE X & MRS AR T 90 AR A I RS T B S R HEAT T BRSBTS R R
W1 BB T 9 45 8028 () AR A 1% K . CCD B SR A S 2 L BB L MR 7 R 6 A W 7P 2 32 i 28 AT 5% 8015 5 A9 X | B2 0 £ 1
LU I 3 A A7 S B e R 5 W R A RS A T 3 AR 0 RS BE . U I RS BE D /50 (T B G R 25K
H A/ 100 A Sy N IR HE & Xk I3 BT 44600 T 7 4 S0 Y B R 25 (] 3315 Oy 0. 45 2/ pixel . 4 Jia 82 807 A AR T 35 I 35
BB FT PR T B FLE AR .

REER DU AR BT B AN T 5 2 TR s R0 RS B2 5 5 1R L

hE4SERS 0436.1;TH741 XEFRIRAS A doi: 10.3788/CJL201138.1008008

Influence of Interference Fringe's Spatial Frequency on the Phase
Measurement Accuracy in Digital Moiré Phase-Shifting Interferometry

Meng Xiaochen Hao Qun Zhu Qiudong Hu Yao
(School of Optoelectronics, Beijing Institute of Technology. Beijing 100081, China)

Abstract The influences of CCD pixel size, random noise and quantization series on contrasts of the interferogram
after sampling and the moiré fringes are analyzed based on digital moiré phase-shifting interferometry. The effects of
interference fringe’s spatial frequency on the phase measurement accuracy are analyzed and simulated in detail. The
results indicate that with the increase of interference fringe's spatial frequency, the contrast and the signal to noise
ratio of moiré fringes will be worse with the influences of the process of CCD sampling, random noise and
quantization series. Furthermore, the phase errors will be greater after phase-unwrapping. When the interference
fringe's spatial frequency is lower than 0. 45 )/pixel, the phase measurement accuracy can be better than /50,
which is equivalent to the optical path difference better than x/100. This provides a theoretical quantitative basis for
the further study of extending the measurement range of digital moiré phase-shifting interferometry.
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Fig. 3 Four phase-shifting interferograms after filtering (corresponding to Fig. 2)
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Frequency of fringes /(1/pixel) 0.2039 0.2431 0.2824 0.3216 0.3608 0.3984 0.4392 0.4627 0.4863
Modulation of moiré fringe 160 156 150 146 140 130 128 127 125
Signal to noise ratio (¢=4) 40. 0 39.0 37.5 36.5 35.0 32.5 32.0 31.8 31.3
Phase errors /2n 0.0074 0.0080 0.0085 0.0089 0.0093 0.0095 0.0099 0.0108 0.0119
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Fig. 8 Four phase-shifting interferograms after filtering (corresponding to Fig. 7)
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Table 2 Spatial frequencies of interferograms with different defocus coefficients and corresponding phase errors

Defocus coefficient /A 7 5 3 2
Spatial frequency of interferogram /(1/pixel) 0.4575 0.4533 0.4564 0.4630 0.4515
Modulation of moiré {ringe 121 131 130 122
Signal to noise ratio (¢=4) 34.8 30.2 32.8 32.5 30.5
Maximum phase errors /27 0. 01005 0.01023 0.01016 0.01018 0.01032
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Table 3 Spatial frequencies of interferograms with different astigmatism coefficients and corresponding phase errors

Astigmatism coefficient /A 10 7 5 2
Spatial frequency of interferogram /(1/pixel) 0. 4466 0.4526 0.4531 0. 4469 0.4528
Modulation of moiré fringe 142 130 124 130 142
Signal to noise ratio (¢=4) 35.4 32.5 31 32.5 35.5
Maximum phase errors /2 0.01001 0.01013 0.01030 0.01014 0.01005

SRR A I PSS T 2 SRR 1 B Ly N
28 CCD RHBEJ5 T 48U L& T b
Wi i 340 B % 28 A PR X b E 3k T R ) 3 5 2
FoAHAR B0t G B . el O LA SR AT 0 BRI R
S B T 8 4 BU K 2 A /T 0. 45 2/ pixel
M A% S0 15 M L R 34 B R I R B ek
BT =/50 (r &6 e 22 R A/1000 . B X T ¥ B ifii
FoREMFRL AR DA 2,22 D RFE A
X5 Z [T W A SO R A I R I 4 AR 3 A
#ﬁo

(O

BT T CCD A 8 FE 46 BOR 3 £ 5 1 RBE 32
PR OE B AT T COD 878 RF B BLIE 75
R 2 00 RRE I T 0 4 SO A5 PR Ml 2 00
BRI T 5 A SO R B MRS T AR

A7 IR K B A S W R AT T EE S A R LR A L 4
BB BT SMEAT WA T, T8 58028 R4
RIEKAE A/D FE a8 0 B — E 1 CCD R R AR i
T2 3 JCR A i P I Sl A5 5 8 ) 8 AR 5 Y A7 A
Wit AL Mg 7 A A M 7 e B 384 5 ) 1 MR Ll 23 PRI
AT A AV A 52 11 285 W 2% 80 1) F B 5 R 37 A L O 3
i S 25 A AV i B R R i A S A A T v
AR PR AV 0 R R . DA A A BN /50 (T A
JEAR 22K BE R A/ 1000 VE A JI K7 b o B M 55 LA £
M B 1R T 30, X i A I B4 T 8 £ 8004 Hie ok S [ A
KA 0. 45 A/ pixel, BIG LAY BECF S MM T ¥
AT S L R H 0 BB I B4 T e P AR .

5 F X
1 Ding Ling. Research on Digital Moiré Phase-Shifting
Interferometry for Aspherical Surface Testing [ D]. Beijing:

Beijing Institute of Technology, 2004

1008008-5



H |

# ot

T % TRk A B T SRR B AT W AR B CLD]. b
o R TR, 2004

2 Cheng Shidong, Zhang Xuejun, Zhang Zhongyu et al.. Deep
aspheric testing based on phase-shifting electronic moiré patterns
[J]. Optics and Precision Engineering , 2003, 11(3): 250~255
LA, SRS, SR E . TR B 7 SR RSO R 3R
WAL ]. &% %A, 2003, 11(3): 250~255

3 Wang Cheng, Wu Xiaodong, Han Changyuan. A phase-shifting
method for moiré technique [ J 1. Chinese J. Lasers, 1996,
A23(3). 221~224
oo RBEAR, BT, B RSLIRASCP MBI AL +
Eig sk, 1996, A23(3): 221~224

4 Fu Yanjun, Yang Kuntao. Imaging theory research of projection
moiré method[J]. Chinese J. Lasers, 2006, 33(4): 521~525
PRARZE, WG, PR G TR [T]. + Bstk,
2006, 33(4) . 521~525

5 J. H. Bruning, D. R. Herriott, J. E. Gallagher e al.. Digital
wavefront measuring interferometer for testing optical surfaces
and lenses[J]. Appl. Opr., 1974, 13(11): 2693~2703

6 Chen Wenjing, Chen Feng, Su Xianyu et al.. Influence of the
sampling of CCD cameras in FTP[J]. J. Optoelectronics « Laser .
2005, 16(9) . 1074~1079
MRoCHE. BR . TR R SF. CCD il b o R i) 8 B i 4% 46 46 B
AW R FZMI]. ke F « Bk, 2005, 16(9): 1074~1079

7 J. V. Wingerden, H. J. Frankena, C.
approximation for measurement errors in phase shifting
interferometry[ J]. Appl. Opt., 1991, 30(19): 2718~2729

8 C. Brophy. Effect of intensity error correlation on the computed
phase of phase-shifting interferometry[J]. J. Opt. Soc. Am. A,
1990, 7(4) . 537~541

9 Liu Huilan, Hao Qun, Zhu Qiudong et al.. Testing an aspheric

Smorenburg. Linear

surface using part-compensating lens[J]. Transactions of Beijing
Institute of Technology, 2004, 24(7) . 625~628
XVEE22, 8 B, RBR S, FITIH8 43 #h 202 4 #E 47 3R BR 1w 11 B
ELT]. bR I K FF R, 2004, 24(7): 625~628

10 P. Hariharan, B. F. Oreb, T. Eiju. Digital phase-shifting
interferometry: a simple error-compensating phase calculation
algorithm[ J]. Appl. Opr., 1987, 26(13): 2504~2506

11 Lt Mengjun, Guo Qi, Lii Yinxiao. Signal phase error
compensation of moiré fringe [ J ]. Optics and Precision
Engineering » 2009, 17(7) . 1694~1700
B, 5 g, B, BURKLUESMMmIRENMELT ] A%
HE AL, 2009, 17(7): 1694~1700

12 Eric M. Weissman, Daniel Post. Moiré interferometry near the
theoretical limit[J]. Appl. Opt., 1982, 21(9): 1921~1923

13 Zhao Bing, Guo Bin, Fang Ruhua e al.. Effect of quantization
error on the computed phase of phase-shifting measurement[ ] ].
Acta Optica Sinica, 1996, 16(12) ;. 1767~1772
S, F5 M, e SE A RS kb i e AR 22 skt [T .
HFFI/, 1996, 16(12): 1767~1772

14 Hao Qun, Ding Ling, Li Mengjuan et al.. Moiré filtered
compositive method used in digital moiré interforometry [ J].
Optical Technique, 2006, 32(1). 82~84
mwE. T TEE . AT R T W AR M SR IEM A
L] R FH AR, 2006, 32(1): 82~84

15 Wang Liwu, Su Xianyu, Zhou Libing. Correction algorithm of
random phase-shifting errors in phase measuring profilometry[ J].
Acta Optica Sinica , 2004, 24(5); 614~618
T T, R TEAREE . AR AL e B AR Hh B AL AR RS 1R 25 AL
IEFEL]. % F4R, 2004, 24(5): 614~618

1008008-6



