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Study of polynomial fitting and error correction method for laser
triangulation displacement measurement
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Abstract: Based on the characteristics of non—contact high measurement accuracy and ease of use, laser triangulation distance
measurement has been widely used in scientific research and industrial production practice. Displacement measurement is
determined from the shift of laser spot on an imaging system’s photo sensitive surface . Different application normally requires
selection of different polynomial fitting coefficient terms between the two. Proper selection of polynomial terms is very important for
realizing high speed and high accuracy in measurement. In this paper, regarding the non—linear relationship between the measured
surface displacement y of laser triangulation displacement measurement and the displacement x of the imaging spot on the
photosensitive surface, systematically analyzed the error sources due to polynomial fitting of y as a function of x. A miniature laser
triangulation displacement sensor were built, Based on the experimental measurement data, it is verified that the laser triangle
displacement measurement device satisfies the Scheimflug condition. According to the experimental measurement values and the
displacement values calculated by polynomial fitting, a quality factor Q is defined to judge the quality of the fitting, and the optimal
number of polynomial terms is determined by calculating the @ factor.

Keywords : laser triangulation distance measurement; measurement accuracy; polynomial fitting; error analysis
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Fig. 1 The principle of laser triangulation

distance measurement
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distance measurement
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Fig.3 The relationship between the displacement of the
measured surface and the displacement of the spot on the CMOS

photosensitive surface when « is equal to 10°,30°,50°
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Table 1 The surface displacement value along the laser axis corresponding to the pixel value of the image spot

on the CMOS photosensitive surface
B fi/pm BE ¥ fiE/ wm Bz ¥ fi#/ pm Bx ¥ fi#%/ pm BE

1 -4 902 -1 078. 258 26 -2421 —-483. 126 51 81 14. 650 76 2 591 436.242
2 -4 803 -1052.229 27 -2322 —461. 935 52 182 32.782 71 2 693 452. 094
3 -4 705 -1 026.973 28 -2221 —439. 768 53 282 50.919 78 2793 467. 610
4 -4 605 -1 000. 832 29 -2 119 —417.725 54 382 68. 934 79 2893 482.763
5 -4 505 -974. 940 30 -2 019 —-396. 606 55 480 86. 378 80 2 994 498. 138
6 -4 406 -949. 784 31 -1919 —-375. 646 56 579 104. 080 81 3 094 513.010
7 -4 308 -925.283 32 -1816 —354.222 57 678 121. 644 82 3194 527.916
8 -4 207 -900. 164 33 -1712 —-333.251 58 776 138. 622 83 3291 542.510
9 -4 109 -875.737 34 -1610 -312.417 59 875 155.778 84 3392 557.327
10 -4 012 -851. 491 35 -1 508 -291. 765 60 975 173.216 85 3492 571. 810
11 -3916 -827. 406 36 -1 405 —-270. 708 61 1076 190. 397 86 3590 586. 193
12 -3 816 -803. 243 37 -1304 —250. 395 62 1176 207.299 87 3 684 600. 319
13 -3716 =779. 199 38 -1204 -230. 330 63 1274 223.703 88 3785 614. 822
14 -3619 -756. 021 39 -1 105 —-210. 905 64 1376 240. 902 89 3 884 629. 146
15 -3522 -733.396 40 -1 004 —-190. 950 65 1477 257. 673 90 3 981 643. 008
16 -3422 -709. 947 41 -904 —-171. 346 66 1577 274. 404 91 4 080 656. 889
17 -3323 -686. 614 42 -804 -152. 134 67 1678 290. 958 92 4181 671.076
18 -3 224 -663. 522 43 =706 —133.352 68 1779 307. 580 93 4 280 685. 101
19 -3 125 —-640. 747 44 -605 —-114. 066 69 1 879 323.901 94 4378 698. 991
20 -3 024 -617.454 45 -506 -95. 124 70 1979 339. 864 95 4 476 712.611
21 -2924 -594. 687 46 -408 -76. 690 71 2 079 355.777 96 4 575 726. 320
22 -2 824 -572. 148 47 -314 -58.601 72 2 181 372.207 97 4 675 740. 133
23 -2 725 -550. 141 48 -211 -39.674 73 2283 388.598 98 4774 754. 010
24 -2 623 -527. 491 49 -113 -21.212 74 2 385 404. 470 99 4 873 767. 564

25 -2 521 -504. 835 50 -16 -3.067 75 2 485 420. 157 100 4974 781.359
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