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Laser triangulation measurement model based on least square

polynomial fitting method
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Abstract: The laser triangulation method has been widely applied due to its advantages in
non-contact measurement, large measurement range, high accuracy in measurement, simple
structure, high adaptability, etc. However, the theoretical formula of laser triangulation is
nonlinear and the parameters(a,b,0) of optic structure in practical engineering is immeasurable.
Therefore, we investigated the construction approach of the mathematical model in
triangulation, and adopted the polynomial expansion approach to build the model. Under the
application of least square fitting polynomial method of the solution to the model coefficient, we
proposed a evaluation method according to the requirements of the maximum relative fitting
residual combined with the relative coefficients for controlling the fitting polynomial order. The
feasibility of the method was verified by the practical optical system, with the relative error of
0.01%. The method of least square fitting polynomial has practical guiding significance for the
calibration of laser triangular displacement sensor and the elimination of systematic error.
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Table 1 Optical structure data

F5  TAENEE L/mm WEIEHE W/ mm PEEE (/mm &Mf/C)  CCDERM  MEIREZE/mm
1 720 80 172 45 TCD1501 0.03
2 980 80 213 45 TCD1501 0.03

Table 2 Experimental raw data

5 1 2 3 4 5 6 7 8 9
1THAR ML E 27 376 23 965 20 669 17 495 14 423 11 456 8 585 5796 3096
2HAGSNLE 2 24 387 22303 20162 17976 15742 13443 11093 8682 6208
W) S E v /mm 0 10 20 30 40 50 60 70 80

RI RETEER

Table 3 Final calculation results

14 [Py (x) =y |* | Py (x)—y: |* | Py (x) —y: |* [P, (x)—y: | [Ps(x)—y 12 |Ps(x)—y|*
PERE A/ Y% 99.890 727 77 99,999 915 86 99.999 996 10 99.999 996 92 99.999 999 49 100. 000 000 00
RMR G2 /% 1.735 53509 0.041 03572 0.011 040 64  0.010 637 10 0.003 930 16 0. 000 000 51
2% [P () =y | [Py —y|* |Pi()—yl? [Py =y 17 |Ps(x)—y 17 |Ps(2)—y?
PE R A/ Y 99,942 352 08 99.999 960 38 99.999 992 35 99.999 992 56 99.999 993 91 100. 000 000 00
B RAX R 2% e/ % 1.270 742 99 0.029 958 82 0.018 145 74  0.017 229 01  0.013 162 22 0. 000 007 80
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Fig. 3 Diagram of polynomial fitting residual
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