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Laser triangulation spot positioning algorithm based
on arctangent edge model fitting
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Abstract : High-precision spot localization algorithms are critical for ensuring the accuracy of laser triangulation displacement sensors. To
address the impact of unstable laser spot imaging caused by lighting environment variations on sensor precision, a spot localization
algorithm based on arctangent edge modeling is proposed. The method first employs bidirectional differential processing to extract
envelope signals from initial spot data, effectively eliminating interference such as background noise, speckle noise, and spike noise. An
arctangent edge model is then formulated through symmetrical shift processing of the arctangent function, generating a fitting function that
aligns with spot waveform characteristics. To enhance fitting accuracy, physically meaningful initial parameter calculation formulas are
derived, establishing relationships between fitting parameters and spot features. A gradient algorithm is used to extract physical
characteristics from envelope waveforms, forming a feature set from which initial fitting parameters are calculated. Finally, the
Levenberg-Marquardt method is applied for least squares fitting to determine optimal parameters, achieving sub-pixel-level spot centroid
localization. Verified through laser triangulation sensor experiments the algorithm shows reduced single-point measurement repeatability
errors to 0. 04 pixels and full-scale nonlinearity errors to 0. 02% across various imaging conditions, including submerged, normal, and
overexposed scenarios. By mathematically modeling spot intensity distribution, this algorithm lowers sensor requirements for harsh
imaging environments and reduces dependence on laser adjustment algorithms. Its real-time processing capability with single-frame
handling, moderate complexity, and suitability for integrated development of high-speed, high-precision laser triangulation sensors make
it an ideal solution.
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Table 1 Pixel coordinates of the spot positioning center under different laser adjustment values
F5 1500t 200 ¥t 250 ot 300 #O6 350 Ot 400 0k 450 ok 500 Ot 550 ok
1 217.481 196  217.690 882 217.734 311 217.535933 217.510 667 217.561493  217.610 456 217.743 002 217.610 114
2 217.431 839 217.594 375 217.724 753 217.519 792 217.569 347 217.456 913  217.657 315 217.776 263  217.601 820
3 217.475 857 217.620 108 217.723 669 217.492 194 217.496 269 217.543 577 217.645 870 217.766 354 217.561 719
4 217.442 099 217.641 666 217.706 551  217.457 551 217.492 809 217.561 767 217.646 843  217.728 580 217.543 461
5 217.443 401 217.636 769 217.721 871 217.548 484  217.446 899 217.560 365 217.654 438 217.746 006 217.505 021
6 217.461 522 217.599 209 217.727 818 217.573 584 217.517 208 217.589 776  217.625 413  217.746 814 217.544 933
7 217.452 049  217.654 107 217.720 577 217.515 835 217.547 637 217.590 283 217.632 855 217.779 724 217.594 799
8 217.451 535 217.628 972 217.710 845 217.533 338 217.566 772 217.577 606  217.613 025 217.796 188 217. 666 283
9 217.462 559 217.604 294 217.714 612 217.534 696  217.511 473 217.562 892 217.627 963  217.786 421 217.507 238
10 217.476 847 217.597 016  217.732 274  217.564 911  217.494 535 217.584 766  217.653 247 217.730 696 217.448 954
F5 6000t 650 #Ot 700 #ok 750 ok 800 ¥t 850 #Ot: 900 Ok 950 ¥t 1 000 #45t
1 217.715 398 217.731 663 217.685 106 217.687 130 217.715559 217.715980 217.748 492 217.733 661 217.769 017
2 217.719 581 217.751 267 217.693 549 217.682 392 217.708 097 217.723 696 217.767 569 217.772 479 217.733 422
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Table 2 The surface displacement value along the laser axis corresponding to the pixel value of the image spot

on the CMOS photosensitive surface

hits . hits . (x4 . fii ¥ . hits .
FF5 B FF5 ‘= e Bx  |F9 Bx FF5 Bx
/mm /mm /mm /mm /mm
1 0.000 467.766 336 || 11 4.030 365.590280 | 21  8.458 250.202 302 || 31 12.077 160.802 143 || 41 16.092 82.787 691
2 0.405 471.514 741 || 12 4.432 354.167 737 | 22  8.860 240.647 901 || 32 12.479 152.610836 || 42 16.496 74.857 676
3 0.806 446.242 672 | 13 4.836 342.922 685 23  9.261 231.199 856 || 33 12.880 144.485476 | 43  16.900 66.757 769
4 1.207 430.489 583 || 14 5.236 332.083 706 | 24  9.661 222.097 204 | 34 13.280 136.534 466 | 44 17.304 58.637 691
5 1.608 433.654 682 | 15 5.637 321.381827| 25 10.061 213.116 650 || 35 13.680 128.694 040 | 45 17.707 50.527 631
6 2.014 425.166065| 16 6.038 310.803 147 || 26  10.461 204.088 498 || 36  14.081 120.936 491 || 46 18.109 42.404 187
7 2.419 412.865 177 || 17  6.441 300.224 557 || 27 10.862 195.283 300 || 37 14.482 113.233 153 || 47 18.510 34.214 132
8 2.823 496.999 947 || 18 6.846 289.947 978 || 28 11.266 186.494 754 || 38 14.887 105.723 340 || 48 18.910 26.079 960
9 3.228 388.597 625 19 7.252 279.777 057 || 29 11.671 177.725217 || 39 15.287 98.310210| 49 19.310 17.876 321
10 3.630 379.894982| 20 7.654 269.779 813 | 30 12.077 169.189 607 || 40 15.688  90.907 691 || 50 19.710  9.736 192
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