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Pointwise Noise Suppression Algorithm Based on Redundancy
Strain Information

Tu Wenge , Huang Zugui, Guo Yurong
Key Laboratory of Building Safety and Energy Efficiency, Ministry of Education, College of Civil Engineering,
Hunan University, Changsha, Hunan 410082, China

Abstract Factors such as optical noise and electronic device noise can affect the accuracy of the strain field in the
digital image correlation method. This paper introduces an algorithm based on single-point redundant strain
information. This algorithm suppresses noise in the strain field through weighted summation using a probability
density function or constructing an exponential weight function. In the pointwise least squares method, this
proposed algorithm is used to identify the strain field of the computed-simulated speckle images test, the tensile test
of a plate with one hole, and the bending test of a reinforced concrete column with cracks. The results show that in
the case of homogeneous deformation, compared with the classical pointwise least squares algorithm, the accuracy
of the strain field calculated by the proposed method has been effectively improved; while both methods achieve the
same precision, the calculation speed of the proposed method by more than 65% . Moreover, the proposed method
can obtain more reliable strain values in the region near the crack, giving it a broader range of application.
Furthermore, compared the regularization-aided finite element strain calculation method, the proposed method has
greater accuracy and a faster calculation speed.
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Fig. 4 Deformation test of computed-simulated speckle images. (a) A reference computed-simulated speckle image;

(b) calculation result of the displacement field for homogeneous deformation in the ROI; (c¢) calculation result of
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Fig. 5 Comparison of root-mean-square error of strain fields calculated by three methods.

(a) Homogeneous deformation; (b) inhomogeneous deformation
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Table 1 Comparison of root-mean-square error of strain fields calculated by the three methods under homogeneous deformation

Window Classical PLS Proposed Decrease Proposed Decrease

size /POI algorithm /10°° method-ewf /10 ° rate /% method-pdf /10° rate /%
3 856 456 46.73 600 29.91
B 392 243 38.01 291 25.77
7 268 188 29. 85 215 19.78
9 216 163 24.54 182 15.74
11 188 148 21.28 162 13.83
13 170 137 19. 41 149 12,35
15 158 128 18.99 140 11. 39
17 148 121 18. 24 132 10. 81
19 141 114 19. 15 125 11. 35
21 135 108 20. 00 119 11. 85

2 RBLBILT ZAT5 I N 7 48 T iR 22X 1
Table 2 Comparison of root-mean-square error of strain fields calculated
by the three methods under inhomogeneous deformation

Window Classical PLS Proposed Decrease Proposed Decrease

size /POI algorithm /10°° method-ewf /10 ¢ rate /% method-pdf /107° rate /%
3 834 504 39.57 620 25.66
5 454 356 21.59 387 14.76
7 370 331 10. 54 346 6.49
9 342 327 4.39 333 2.63
11 330 331 —0. 30 329 0. 30
13 326 340 —4.29 330 —1.23
15 325 353 —8.62 334 —2.77
17 328 369 —12.50 341 —3.96
19 332 388 —16. 87 350 —5.42
21 339 410 —20.94 361 —6.49
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Fig. 6 Calculation results of strain fields of four methods under homogeneous deformation and inhomogeneous

deformation. (a)(b) Classical PLS algorithm; (c¢)(d) proposed method-ewf;

(e) (f) proposed method-pdf;
(g)(h) RFE algorithm
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Fig. 7 Calculation results of strain field of a plate with one hole. (a) Classical PLS algorithm; (b) proposed method-ewf;
(c¢) proposed method-pdf; (d) RFE algorithm
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Fig. 8 Comparison of strain mapped on line located in corresponding sub-image. (a) Horizontal strain; (b) shear strain;

(c) vertical strain [inset: horizontal strain field, shear strain field, and vertical strain field calculated by proposed

method-ew{ with strain window size of 9 X9(POI), from left to right]
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Fig. 9 Results of vertical strain field of reinforced concrete column. (a) Vertical strain field calculated by classical PLS
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methods [inset: vertical strain field calculated by proposed method-ew{ with strain window size of 9 X 9(POI)]
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