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Abstract: When traditional digital image correlation technique is used to measure the deformation
displacement, the digital image with very small amount of pepper and salt noise is difficult to be
processed precisely. Therefore, this paper proposes a new digital image correlation method based on
Spearman’s rho (SR) correlation coefficient robust to pepper and salt noise. According to the SR’s
average statistic characteristics, the SR coefficient of bivariate Gaussian mixture model is mainly
decided by the clean speckle image when the density of pepper and salt noise is small enough. To
verify the robustness of the SR to pepper and salt noise, the controllable simulation speckle image is
used in a simulation, and the SR correlation technology is used to calculate the scanning errors. The
results indicate that it can still get the accurate displacement vector by the SR digital image correlation
when the density of pepper and salt noise is less than 25% and the block size is 41 pixel X 41 pixel.

The algorithm is used to calculate the laser-scanning texture data, and the sampling offset calculated is
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4 pm with the correlation coefficient of 0. 996 6. The result shows that the SR digital image
correlation technique has strong robustness, and is suitable for calculating the deformation
displacement vector under the pepper and salt noise.
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Fig.1 Speckles with 10% pepper and salt noise
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Tab.1 Absolute errors by using median filter & PPMCC (pixeD)

LR I 7 X Ao i i 2 Y 2 e 2

ME/N mok RAME T i % EBoRfE BOME T i %
0 0.462 323 0.001 135 0.156 326 0.007 934 0.586 212 0.005 822 0.271 363 0.020 576
5 74.715 18 0.001 672 1.073 378 62.085 13 217.271°3 0.001 541  2.270 363 360.068 1
10 310.696 7 0.000 350 10.560 66 2 040.302 407.2850 0.001 019 12.433 64 3 190.632
15 388.048 4 0.000 509 44,022 25 7 816.582 445,289 2 0.004 633 49.216 91 9 765.526
20 444,191 0 0.010 939 140.2151 17 455.53 426.1219 0.064 516 123.0259 14 159.85
25 419.176 0 0.102 059 148.866 2 12 055.83 412.316 2 1.718 905 152.737 5 10 641.96
30 402.366 9 5.763 263 139.899 9 9 405.065 443.974 1 0.452 43 172.618 7 11 996. 18
35 432.139 1 0.165 822 162.2525 12 984.13 452.153 8 0.303 919 150.166 2 11 421.08
40 441.083 9 7.153 622 166.798 1 11 648.18 417.362 9 3.343 223 149.960 8 11 862.25
45 430,263 2 4.288 566 151.162 5 11 827.11 398.007 8 0.480 561 139.454 0 10 223.58
50 454,217 6 1.866 818 159.4104 11 238.98 452.091 5 0.727 633 142.533 3 12 034.38
55 435.699 4 2.698 126 151.887 6 10 556.92 445,130 6 1.888 946 166.440 5 12 032.38
60 448,250 7  4.149 263 162.350 2 12 898. 3 431.313 2 1.229 242 173.138 5 14 102.07
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Tab. 2 Absolute error by using SR (pixeD)
LR M 7 X o %t iR 24 Y o Xt iR 2
ME/N mok RAME T i % BoRfE BOME S T 5%
0 0.668 866 0.111 485 0.349 589 0.018 482 0.130 233 0.019 932 0.071 348 0.000 323
5 0.819 580 0.168 016 0.423 042 0.026 898 1.210 231 0.054 657 0.286 557 0.012 852
10 0.856 002 0.183 075 0.470 357 0.030 054 1.387 074 0.120 005 0.378 595 0.084 284
15 1.614 793 0.157 125 0.534 635 0.088 709 2.470 694 0.130 106 0.576 882 0.185 442
20 2.537 943 0.144 468 0.598 644 0.138 289 2.382 883 0.183 002 0.692 231 0.235 787
25 2.423 639 0.122 603 0.725 229 0.248 574 3.336 46 0.197 272 0.769 339 0.369 502
30 393.030 1 0.166 040 4.126 477 1 115. 364 193.4159 0.222 515 3.149 934 394.574 4
35 294.123 2 0.155 420 17.899 18 3 548.538 337.566 5 0.220 447 16.346 24 3 278.190
40 405.188 2 0.138 763 73.753 26 10 944.77 444,581 3 0.194 642 73.3898 11 652.99
45 448.1211 0.190 760 116.223 4 17 194.56 446.397 8 0.245 781  84.000 38 11 642.26
50 452,118 5 0.288 249 165.869 2 17 147.02 445,409 2 0.275 428 141. 337 13 939. 82
55 452,103 7 0.205 371 173.3457 16 786.8 441,673 5 0.277 717 155.777 8 14 973.22
60 451.141 2 0.670 484 162.393 8 13 251.81 448.667 1 0.273 230 167.3805 14 521.64
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different densities of salt and pepper noises
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