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Abstract: In order to improve the manufacturing accuracy of the complex curved surface with small arc
characteristics in the rolling linear guide pair, and ensure the service performance of the rolling functional

components such as stiffness and friction torque, a precise and efficient measurement method of the rolling
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linear guide surface based on line structured light was proposed in this paper. Aiming at the unique scene
of the guide rail profile, a set of point cloud fitting system of the improved scene algorithm was construct-
ed, including the adaptive voxel filtering algorithm weighted by the raceway area, the PCA-K neighbor-
hood inflection point identification algorithm with multi-feature fusion and the improved RANSAC arc fit-
ting algorithm with adaptive radius constraint. Through the comparison experiment with the three-coordi-
nate measuring machine and the image measuring instrument, it is verified that the measurement accuracy
of the measurement system is better than 5 pm, which reaches the SP level measurement standard, and
can realize the full contour detection of the guide rail surface. The measurement efficiency is more than 15

times higher than that of the three-coordinate measuring machine, which provides theoretical support and

technical scheme for the high-precision and efficient detection of the rolling linear guide rail profile.
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Fig.1 Guide rail profile measurement system
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Inproved algorithm of point cloud scene of guide rail profile

Region coarse segmentation Filter fields KD-Tree neighborhood construction
Assign weight factor Screening range PCA principal component analysis

Dynamic voxel calculation Filtering direction Normal vector mutation check

Center of gravity sampling Index extraction Contour continuity check
; . - . PCA-K neighborhood

Raceway region Straight-through filter slice extraction from 3 C. A . .
: : : . : : inflection point identification
weighted adaptive three-dimensional to two-dimensional

algorithm based on multi-

voxel filtering contours feature fusion

Prior radius constraint construction
Random sampling and model initialization
Interior point screening
Iterative optimization

RANSAC model construction
Interior point screening and iterative optimization
Least squares solution

Improved RANSAC arc fitting algorithm Least squares-RANSAC reference
with adaptive radius constraint plane fitting algorithm

M3 SR L = 55 s 5k

Fig. 3 Improved algorithm of point cloud scene of guide rail profile
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Fig.5 Point cloud slice extraction of guide rail surface
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Fig. 6 Inflection point identification algorithm
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Tab. 1

Improved RANSAC raceway arc fitting algorithm comparison results

Traditional RANSAC

Improved RANSAC

Fitting radius /mm

Fitting error /pm

Fitting radius /mm Fitting error /pm

1 2.517 96 17.96
2 2.506 27 6.27
3 2.516 80 16. 80
4 2.504 74 4.74
5 2.498 38 —1.62
6 2.506 54 6.54
7 2.51599 15.99
8 2.513 35 13.35
9 2.498 91 —1.09
10 2.523 98 23.98
Mean value 2.510 29 10. 29

2.496 26 —3.74
2.497 37 —2.63
2.501 27 1.27

2.497 33 —2.67
2.496 24 —3.76
2.497 33 —2.67
2.502 45 2.45

2.498 91 —1.09
2.497 86 —2.14
2.49577 —4.23
2.498 08 —1.92
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Tab.2 Reference plane fitting results of the five algorithms
Method Plane equation coefficients| abc] Flatness/pm Running times/ms

Least squares [0.211 0.414 —2.057] 2.127 1.4
RANSAC [0.202 0.403 —2.016] 2.120 11.3
MLESAC [0.204 0.406 —2.033] 2.121 29.0

Hough transform [0.500 0.500 —1.501] 4.319 1072.6
Improved method [0.198 0.398 —1.996] 0.207 11.3

Trend of flatness fluctuation in 10 experiments
with different algorithms

157
2 i 9
107
\i { —©—Least squares
2 { -B-RANSAC
2 i —A-MLEASC
= ~<rHough transform
B Improvement method
5 q
| H (} ......................... 163
........ é -6 vy
0—H6—0B— A A 60— BH 4
S e —— —— —— —— ——— ¢

1 2 3 4 5 6 7 8 9 10
Number of trials

710 WHEEAUA BT E HEE AR
Fig. 7 Stability indicators for 10 repeated fits of five algo-
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(a) Line structured light guide rail detection
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(b) Three-coordinate measuring machine and vision measuring
machine
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Fig.8 Diagram of experimental device
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Tab.3 Performance comparison of three measurement methods

Three-coordinate measuring machine

Vision measuring machine

Line structured light

Measured value ~ Measured error

R/pm 2408.7
Hr/pm 7376.8
Pb/pm 0.005
Fb/um 0.001

24449 2411.2 3.50
7282.8 7379.5 2.73
/ 1.573 1.57
/ 2.000 2 1.99
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Tab.4 Repeatability experimental measurement results.

R/mm Hr/mm Fb/pm Fa/pm Pb/pm Pa/pm

1 2.4101 7.399 3 2.730 6 1.850 3 2.7274 2.5607

2 2.408 7 7.4254 2.7317 1.8519 2.7274 2.5607

3 2.418 3 7.424 1 2.7300 1.849 6 2.7212 2.562 6

4 2.408 4 7.403 2 2.7376 1.8525 2.7227 2.564 2

5 2.4099 7.4053 2.734 4 1.848 8 2.7279 2.568 4

6 2.3949 7.418 4 2.734 2 1.854 1 2.7326 2.5570

7 2.4251 7.3910 2.730 6 1.8534 2.7326 2.5670

8 2.409 3 7.400 2 2.730 3 1.850 8 2.7194 2.5626

9 2.390 3 7.3907 2.7338 1.8511 2.699 1 2.542 0

10 2.406 3 7.408 7 2.7327 1.848 3 2.724 2 2.570 3
Mean value 2.408 1 7.406 6 2.7326 1.8511 2.7234 2.5615
Standard deviation 0.009 9 0.0125 0.002 4 0.0019 0.009 6 0.007 9
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