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Micro In-Plane Displacement Measurement Using New Speckle Phase
Singularities Method Generated by Two-Dimensional Directional Wavelet

Gao Yuling Pan Guangzhen
School of Computer Science and Control Engineering, North University of China, Taiyuan, Shanxi 030051, China

Abstract A new speckle phase singularities method generated by two—dimensional directional wavelet is proposed
to measure micro in—plane displacement. A phase singularities image is generated by polarization analysis of two—
dimensional directional wavelet, setting the rotation angle be /2 in order to analyze the image before and after
displacement of «x and y directions, which has network structure stable distribution. The new two—step displacement
measurement method is proposed. Preliminary displacement is obtained in the output two correlation points image
by using twice Fourier transform and subtraction. The precision displacement of object to be measured is calculated
by half the grid width of the initial displacement and displacement between the closest matching singular point. It
is studied that simulation and laser mouse positioning experiment. Results show that correct matching singularities
are still more than 90% under different noise conditions and the error between actual value and measured value of
mouse displacement and direction is less than 0.5 pixel and 1°. This method has many advantages, such as high rate
of singularity correct matching, high accuracy, insensitive to noise and good stability, which can precisely locate
the displacement and direction of the laser mouse.
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Fig.1 (a) Original speckle image; (b) wavelet phase diagram of the x—axis direction polarized analysis;
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(c) wavelet phase diagram of the y—axis direction polarized analysis
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Fig.2 (a) Extracting the real zero line from Fig.1 (b); (b) extracting the imaginary zero line from Fig.1 (c);

(¢) image after overlapping of Fig.2 (a) and Fig.2 (b)
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Fig.3 (a) Relevant highlights image before and after deformation; (b) position of highlights in image
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Fig.4 (a) Grid image and position of phase singularities in TDWPS; (b) matching singular points in TDWPS; (c) position of phase
singularities in DSCPV; (d) matching singular points of the correlation coefficient greater than 0.5000 in DSCPV
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Table 2 Experimental data under different noises

DIS WG or SW NDHM Mean Awx,Ay STD o0,
Method  Noise ) ) Singularities ~ CMP CMR
/pixel /pixel (n1,n3) /pixel /pixel
(14.0018, (0.0124,
0 (14,4) 16.2499 (1,0) 1681 1599  0.9512
3.9986) 0.0116)
(-11.9964, (0.0257,
(-12,9) 16.2499 (1,1) 1681 1520  0.9042
9.0024) 0.0152)
(13.9980, (0.0132,
0.005 (14.,4) 16.2502 (1,0) 1640 1558  0.9500
3.9984) 0.0122)
TDWPS
(-12.0025, (0.0154,
(-12,9) 16.2502 (1,1) 1640 1517 0.9250
9.0042) 0.0273)
(13.9958, (0.0216,
0.010 (14.,4) 16.2487 (1,0) 1722 1596 0.9268
4.0065) 0.0227)
(-12.0068, (0.0236,
(-12,9) 16.2487 (1,1) 1722 1555 0.9030
8.9912) 0.0324)
(14.0196, (0.1204,
(14.,4) 31x31 2425 1927  0.7946
0 4.0112) 0.0672)
(-12.0053, (0.0396,
(-12,9) 31x31 2517 2104 0.8359
9.0098) 0.1025)
(14.0172, (0.1154,
(14,4) 31x31 2583 1964  0.7604
3.9866) 0.1038)
DSCPV  0.005
(-11.9875, (0.0982,
(-12,9) 31x31 2674 2072 0.7749
9.0106) 0.1143)
(13.9784, (0.1586,
(14,4) 31x31 2702 1879  0.6955
4.0075) 0.0831)
0.010
(=11.9799, (0.2435,
(-12,9) 31x31 2836 1948  0.6874
8.9851) 0.1613)
laser CCD camera
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Fig.5 Experimental device
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Table 3 Experimental data of mouse displacement and direction

(Ax,Ay) (Ax",Ay") (£..8,) ) 8" 1(°) &,1(°)
(1,1 (1.0014,1.0157) (0.0014,0.0157) 45 45.4061 0.4061
(2,4) (1.9865,4.0236) (-=0.0035,0.0236) 63.4349 63.7239 0.2890
(3,9) (3.0040,8.9942) (0.0040,-0.0058) 71.5651 71.5310 -0.0341
(4.16) (3.9827,16.0538)  (-0.0173,0.0538) 75.9638 76.0671 0.1033
(5.25) (4.9800,24.9985)  (0.0200,-0.0015) 78.6901 78.7735 0.0834
(6,36) (6.0112,35.8944) (0.0112,-0.1056) 80.5377 80.4929 -0.0448
(7,49) (6.9656,49.0112) (0.0346,0.0112) 81.8699 819111 0.0412
(8,64) (7.8842,64.0284) (-0.1158,0.0284) 82.8750 82.9801 0.1051
(9,81) (8.9886,81.0220) (-0.0114,0.0220) 83.6598 83.6695 0.0097
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