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Abstract To retrieval the instantaneous phase of the fringe pattern accurately in Fringe Projection Profilometry,

the fringe pattern should be denoised. Based on OWT _SURE_LET wavelet denoising method, using stationary

wavelet substitute for orthogonal wavelet. using DB8 substitute for Sym8, and using a shrinkage function with six

parameters substitute for that with four parameters, an improved wavelet de-noising algorithm is proposed.

Compared with other de-noising methods, the new method is very fast and robust. Experiments show that this new

method is effective in the sense of peak signal-to-noise ratio (PSNR) and root square mean error (RSME) of the

instantaneous phase of fringe pattern, no matter what types of the fringe pattern or the carrier frequency in the

fringe pattern.
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Fig. 1 Results of SWT_SURE_LET de-noising. (a) No de-noising; (b) de-noised
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Table 1 PSNR results for simulated pattern | with carrier frequency of 1/8
Noise 0.2 0.5 0.8 1.0 1.2 1.5 2
DirLOTs_SURE_Let 18. 5507 18. 1176 17. 3855 16. 7900 16. 1426 15.1197 13. 4448
OWT_SURE_LET 24. 3849 16. 4044 12. 3085 10. 3647 8.7775 6. 8360 4. 3337
BM3D —40. 557 —40. 820 —40. 889 —40. 862 —40. 763 —40.512 —40. 056
BLS_GSM 30. 6683 25. 4765 22.4861 20. 9630 19. 6943 18. 1816 15. 8450
SWT_SURE_LET 35.5720 28.6358 24. 6505 22. 7550 21. 3155 19. 7734 17. 8833
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Table 2 PSNR results for simulated pattern | with carrier frequency of 1/16
Noise 0.2 0.5 0.8 1.0 1.2 1.5 2
DirLOTs_SURE_Let 25.2392 23.6106 21.4859 20. 2691 19. 2519 18. 0261 16.4917
OWT_SURE_LET 24.5712 16. 4697 12,3394 10. 3872 8.7951 6. 8482 4. 3369
BM3D —40. 551 —40. 824 —40. 906 —40. 873 —40. 766 —40.523 —40. 064
BLS_GSM 36. 3596 30. 7031 27.2218 25.3991 23.8891 22.1291 19. 9656
SWT_SURE_LET 37.9081 32.2359 28.6985 26.8922 25.3821 23.5131 21.1053
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Table 3 PSNR results for simulated pattern [| with carrier frequency of 1/8

Noise 0.2 0.5 0.8 1.0 1.2 1.5 2
DirLOTs_SURE_Let 18. 1841 17.6348 16.7962 16. 1531 15. 4814 14.4720 12.8942
OWT_SURE_LET 25.5752 16.9823 12.7547 10. 7741 9.1618 7.1894 4.6389
BM3D 14.6022 20.5113 21.8324 21.6957 21.2179 20. 2890 18. 6854
BLS_GSM 30. 6683 25. 4765 22.4861 20. 9630 19. 6943 18.1816 15. 8450
SWT_SURE_LET 32.8892 27.8388 24.2667 22.4494 20.9503 19.1162 16. 7877
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Table 4 PSNR results for simulated pattern [l with carrier frequency of 1/16

Noise 0.2 0.5 0.8 1.0 1.2 1.5 2
DirLOTs_SURE_Let 26.1572 23.0554 20. 8250 19. 5946 18.5470 17. 2446 15.5799
OWT_SURE_LET 24.5853 16. 5150 12. 3698 10. 3947 8. 7800 6.8071 4,2722
BM3D 14. 3890 20. 6505 22.2967 22.3090 21.9450 21.0937 19. 5473
BLS_GSM 31. 9541 26. 8495 23.6977 22.1907 20. 9601 19. 4391 17.5063
SWT_SURE_LET 36.4316 29.5193 26. 2604 24. 8456 23.7294 22.3624 20. 5037
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Table 5

Phase retrieval results for simulated pattern | with carrier frequency of 1/8

Noise SWT_SURE_LET BSL_GSM BM3D DirLOTs_SURE_Let
0.2 0.0189 0.0184 3. 6081 0.1016
0.5 0.0375 0.0349 3. 7483 0.1070
0.9 0.0652 0.0530 1.5682 0.1162
1.2 0.0855 0.0678 1.5737 0.1248
1.5 0.1032 0.0849 222.8725 0.1336
1.8 0.1197 0.1101 235.9534 0.1516
2.0 0.1307 0.1214 270. 4449 0.1820
6 BFPAE LM R AR 1/16 MUBIHL AR S0 T A AR 3 B, X 1L
Table 6 Phase retrieval results for simulated pattern [ with carrier frequency of 1/16
Noise SWT_SURE_LET BSL_GSM BM3D DirLOTs_SURE_Let
0.2 0.0380 0.0180 9.0521 0.0546
0.5 0. 0440 0.0301 1.3497 0.0640
0.9 0.0423 0.0482 1.1439 0.0802
1.2 0.0546 0.0626 259.2635 0.0912
1.5 0. 0669 0.0759 284.2204 0.1013
1.8 0.0785 0.0884 299.4918 0.1143
2.0 0.0863 0.0954 251.3334 0.1315
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Table 7 Phase retrieval results for simulated pattern || with carrier frequency of 1/8

Noise SWT_SURE_LET BSL_GSM BM3D DirLOTs_SURE_Let
0.2 0.0461 0. 0465 0.1895 0.1150

0.5 0.0568 0. 0570 0.1013 0.1208

0.9 0.0785 0.0835 0. 0909 0.1310

1.2 0.0975 0.1030 0.0976 0. 1410

1.5 0.1175 0.1201 0.1080 0. 1504

1.8 0.1380 0. 1401 0.1203 0.1671

2.0 0.1519 0.1532 0.1290 0. 2007
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Table 8 Phase retrieval results for simulated pattern ][ with carrier frequency of 1/16

Noise SWT_SURE_LET BSL_GSM BM3D DirLOTs_SURE_Let
0.2 0.0613 0.0628 58. 5944 0.0754

0.5 0.0687 0.0731 0.1086 0.0888

0.9 0. 0809 0.0914 0. 0956 0.1043

1.2 0.0897 0.1055 0.0993 0. 1155

1.5 0.0982 0.1173 0.1066 0.1267

1.8 0.1071 0.1313 0.1156 0.1429

2.0 0.1133 0.1397 0.1224 0.1676
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Table 9 RSME comparison of different de-noising methods
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Method SWT_SURE_LET
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Table 10  Time consuming comparison of different de-noising methods
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