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Phase Extraction Method of Microsphere Interferometry
Based on Error Complementary Correction
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Abstract In order to measure the surface topography of microsphere with phase—shifting interferometer in high
precision, phase extraction method is of great important. But there is always linear phase shifting error existence
coming from system calibration error or defocus, which influences the phase extracting accuracy. The common
phase shifting algorithms are not quite suitable for the measurement of sphere, especially when the linear error is
larger, so a new five frames algorithm is constructed. The response characteristics of new algorithm is much close
to Hariharan algorithm, but is opposite in sign. Therefore, by the complementray correction of the two algorithms,
the phase calculation error is reduced by two orders of magnitude. The capacity of fixed—step algorithm for linear
phase shifting error control is improved greatly and there is no abnormal phase result coming out, which always
appears in the calculation process by any equal step algotithm. The algorithm based on phase error complementary
correction is much more compact for calculations, its feasibility and effectiveness are proved by the actual
measurement experiment of a microsphere.
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Fig.1 Basic measuring principle
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Fig.2 Phase shifting error from defocus
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Fig.4 Linear error response distribution of constructed algorithm
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Fig.5 Linear error response distribution after corrected
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Fig.6 Five frames interferogram
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Table 1 Shape error measured by four kinds of algorithm

PV value /N RMS value /N
Wyant algorithm 0.1806 0.0285
Hariharan algorithm 0.1481 0.0201
Stoilov algorithm 0.1299 0.0171
Complementary correction algorithm 0.131 0.017

5 4 ®

PCRR B HH T 9 D0 B e, B AR R B AR B AT R 22 L K/ p I A I BB LR e L 4
T TR 25 1AM IE R (1 4 HO 5 38 5o M 7 0 W 5 Hlariharan 335 (6 1 15 22 T Ah , AR 4 7 5 4
Rk M 2 2 R A, i FL A T R A 1 2 e I R DA KB AL B BR T O
W ey 32 R T L LR 2t BAT R A5 K P P A A SR 2 O SRS B . LA, T 00 T
¥ 55 Hariharan B0 5 HE AT 1 (832 55, (45 Hariharan 55 3% 00 F 00 28— I 28 ok 05 07 60088 10 5 2532 50 3% 05, I
LM R 5 B0 B S 2 T 8 A W B T BB A 7 T 0 5 HE— A AL

& % XX #k
Ma Xiaojun, Gao Dangzhong, Ye Chenggang, et al.. Interior surface soughness of ICF micro—shells with phase shift interference
technique[J]. High Power Laser and Particle Beams, 2008, 20(2): 224-228.
h N g, S, S AR S PRk I A TCF Sk P 2 TRUHLDRE FE ). s E0OE 5 BT, 2008, 20(2): 224-228.
2 Zuo Fen, Chen Lei, Xu Chen. Measurement performance of simultaneous phase—shifting interferometer[J]. Chinese J Lasers, 2007,
34(12): 1682-1687.
e AN BRE L TR R R T I ] P EOE, 2007, 34(12): 1682-1687.

—_

0508004-6



S I S

3 Wang Ming, Hao Qun, Zhu Qiudong, et al.. Anti-disturbance phase—shifting interferometry method time-and-frequency—domain
[J]. Acta Optica Sinica, 2011, 31(11): 1112005.
EOMLR R, RER, S ISR S TSP TR B A T R (D). e A 4R, 2011, 31(11): 1112005,
4 Gao Fen, Jiang Zhuangde, Li Bing, et al.. Multi-step phase—shifting algorithm based on extended averaging technique and its error
suppression characteristics comparison[J]. Acta Photonica Sinica, 2014, 43(4): 0426001.
FOOF WA, 4 IR, SR T ROT B0 220 A RS Sk R 25 MR R M LU EE() ). 6T AR, 2014, 43(4): 0426001
5 Wang D D, Yang Y Y, Chen C, et al.. Calibration of geometrical systematic error in high —precision spherical serface measurement
[J]. Optics Communications, 2011, 284(16): 3878-3885.
6 Wang D D, Yang Y Y, Chen C, et al.. Misalignment aberrations calibration in testing of high —numerical-aperture spherical surfaces
[J]. Applied Optics, 2011, 50(14): 2024-2031.
7 Xu Xingfen, Cao Yiping. An improved stoilov algorithm based on statistical approach[J]. Acta Optica Sinica, 2009, 29(3): 733-737.
VEEIF, B 5. 3T 43T T 1Y Stoilov BHE 5 R [I]. D2 2#1ik, 2009, 29(3): 733-737.
8 Wang Huaying, Zhang Zhihui, Liu Feifei, et al.. Improved phase unwrapping algorithm based on image segmentation and mergers
[J]. Chinese J Lasers, 2012, 39(10): 1009002.
FARYE, R, XK, AL R TR 2 5 5 I AR R T 5 2 i i (D). T O, 2012, 39(10): 1009002.
9 Qian Xiaofan, Li Bin, Li Xinghua, et al.. Improvement of least—square phase unwrapping algorithm based on lateral shearing
interferometry[J]. Chinese J Lasers, 2012, 39(11): 1109002.
BRIEIL, 2%, 2R AR, A5 BRI 0Y V) de /N R 7 i 6 R Y R[], 7 DO, 2012, 39(11): 1109002,
10 Qian Xiaofan, Rao Fan, Li Xinghua, et al.. Accurate least—squares phase umwrapping algorithm[J]. Chinese J Lasers, 2012, 39(2):
0209001.
BRIRL, B8 WL, AR 04 A, A5 ORS00 de /R L B Bk )] h RO, 2012, 39(2): 0209001.
11 Hui Mei, Wang Dongsheng, Deng Nianmao, et al.. Four—frame phase—stepping interferometry—base insensitive algorithm to phase—
stepping error[J]. Journal of Tsinghua University (Science and Technology), 2003, 43(8): 1017-1019.
BOMy, AR, XA, S 6 RS A 15 25 N BUBR I DY AR 7 SR (D] 1 AR R A 2R i (H AR BE£R), 2003, 43(8): 1017-1019.
=HERE: REk

0508004-7



