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Abstract: The accuracy of laser stripe center extraction critically determines the precision of structured-
light vision measurements. In an online structured-light turnout-parameter measurement system, varia-
tions in stripe position due to turnout movement and environmental disturbances produce uneven stripe
brightness and width, degrading measurement accuracy. To address these issues, an adaptive extraction
method for the stripe center is proposed based on an improved Steger algorithm, offering enhanced envi-
ronmental robustness and high precision. The method first isolates the effective stripe region using Otsu

thresholding combined with a Two-Pass algorithm to suppress stray-light interference and accelerate com-
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putation. The stripe skeleton is then extracted and initial center points are refined. A neighborhood geo-

metric normal-direction computation is introduced to determine the stripe cross-sectional width. By corre-

lating the measured stripe width with the Gaussian kernel parameter ¢, the convolution-kernel size is adap-

tively adjusted, yielding an accurate sub-pixel centroid of the stripe. Evaluation on a standard calibration

block demonstrates an average measurement error within 0. 09 mm. The proposed adaptive approach ex-

hibits strong anti-interference capability and high accuracy, making it suitable for online measurement of

turnout parameters.
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(a) Light bar image before and after turnout movement
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Tab.1 Results of two methods (pixel)
True value Steger method ~ Proposed method
x v x v x v
61.00 25.00  0.13 0.11 0.02 0.01
61.00 26.00 0.13 0.02 0.06 0.01
61.00 27.00 0.13 0.11 0.06 0
61.00 28.00  0.07 0.13 0.02 0
61.00 29.00 0.16 0.14 0.02 0.01
61.00 30.00  0.09 0.11 0.11 0.02
61.00 31.00  0.13 0.09 0.01 0.01
61.00 32.00 0.14 0.11 0.04 0
61.00 33.00 0.12 0.01 0.03 0.01
61.00 34.00  0.09 0.15 0.02 0
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Tab.2 Measurement results without water spray (mm)
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Tab.3 Measurement results under water spray (mm)

Steger method Proposed method

Steger method Proposed method

No. No.
AB BC AB BC AB BC AB BC
1 20.163 20.137 20.162 20.151 1 19. 811 20. 352 20.091 20.033
2 20. 215 20. 240 20.155 20. 200 2 19. 800 20. 342 20.102 20.031
3 20. 204 20. 154 20.165 20.160 3 19. 740 20. 345 20.089 20.035
4 20.152 20. 141 20. 157 20. 143 4 19. 764 20.197 20.090 20.031
5 20. 154 20. 167 20. 154 20.139 5 19. 790 20. 357 20.078 20.030
6 20. 150 20.148 20.147 20.131 6 19.776 20.408 20.099 20.026
7 20.161 20.137 20. 141 20. 146 7 19.776 20. 221 20. 060 20.023
8 20. 146 20. 145 20.155 20. 144 8 19. 820 20. 350 20.078 20.035
9 20.160 20. 146 20. 154 20. 146 9 19. 790 20. 382 20.082 20.044
10 20.152 20. 140 20. 200 20. 140 10 19. 770 20. 355 20.070 20.043
Mean 20. 166 20. 156 20. 159 20. 150 Mean 19.796 20. 331 20. 084 20.033
ME 0.166 0. 156 0.159 0.150 ME 0.204 0.331 0.084 0.026
SD 0.023 0.029 0.015 0.018 SD 0.022 0.064 0.012 0. 006
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Tab.4 Experimental results of turnout parameter measurement system with large-scale movement (mm)

Steger method

Proposed method

Measurement True value
Opening value Deviation Opening value Deviation

Initial 0.00 166. 10 — 166. 10 —

3.00 3.00 162. 97 0.13 163. 05 0.05
6.00 5.99 159. 88 0.10 160. 02 0.04
9.00 8.99 156.78 0.10 156.95 0.07
12.00 11.97 153.67 0.13 153.95 0.02
15.00 14.98 150. 54 0.12 150.91 0.03
18.00 17.98 147.43 0.11 147.87 0.04
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