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Algorithm of in-plane displacement measured by speckle
photography based on phase of Fourier transform

RONG Wenxiu, QIAN Xiaofan, LIU Bin, ZHANG Yongan
(Laser Institute, Faculty of Science, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: Traditional algorithm of in-plane displacement measurement by speckle photography is based on the power
spectrum of Fourier transform directly. However, the measured minimum displacement is limited by speckle size. In order to
solve this problem, a novel algorithm based on the phase angle of Fourier transform was proposed. Theoretical analysis showed
that the minimum and maximum displacement measured by this new algorithm was determined by the photoelectric converter,
such as charge-coupled device or complementary metal oxide semiconductor. The size of speckle patterns had no effect on
displacement. The result shows that the minimum and maximum displacement measured by new method can achieve 2pixel

spacings and the half of photo-sensitive area width of photoelectric conversion device respectively. The actual measurement is in

agreement with the theoretical analysis.
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Fig. 1 Experiment setup
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Fig.2 a—speckle pattern in the experimental record b—I'(w,v) distribution when Ax" =0.250mm c¢—I'(u,v) distribution when Ax’' =2.100mm d—

relationship between Ax’and Ax e—curve 1 of Fig. 2b spectrum and curve 2 of Fig. 2¢ spectrum

Table 1 Experimental data of Ax’and n,’

Ax'/mm n,’' Ax'/mm n,’' Ax'/mm n,'
0.050 13 0.3850 350 1.500 618
0. 100 26 0.900 372 1.550 638
0. 150 46 0.950 401 1.600 659
0.200 68 1.000 422 1.650 680
0.250 90 1.050 444 1.700 703
0.300 112 1.100 463 1.750 719
0.350 134 1.150 483 1.800 743
0.400 154 1.200 503 1.850 762
0.450 178 1.250 512 1.900 790
0.500 205 1.300 532 1.950 811
0. 600 249 1.350 553 2.000 830
0.700 289 1.400 574 2.050 850
0. 800 333 1.450 597 2.100 871

K 2a ~ & 2c 1K /N R 1744pixel x 1308pixel ,
K 2a & 92590 A — IR HUHE 15 B 2b 2 Ax' =
0.250mm B (w,v) 2045 B 2¢ & Ax’ =2. 100mm
B 1 Cu,0) 953040, AT LLE BRS04, oI 4%
SR I AL B, Sy 5 SR, 45 T SR B TR A
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ALk Ax BORER N 1,343, T3 (9) R348
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/NEBEEIN SN Ax =2 3. 2pm = 6. 4pm, TFLG T
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Fig.3 a—speckle pattern of the local area b—spectral lines of N =5,10,
15,20,25,30,35,40,45 and 50
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