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Pipe spatial parameter measurement method based on machine vision
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Abstract: The springback during production causes spatial deformation in pipes, and the generated assembly stress increases the
probability of pipe failure. Considering the safety of pipes, it is quite important to measure the geometric error between the design and
the actual pipe before installation in order to prevent potential hazards caused by excessive assembly stresses. However, it is difficult to
measure the spatially complex pipes caused by the installation space. In this paper, a monocular vision-based method is proposed for
automatic, highly accurate and efficient measurement of spatially complex pipes. The mono-camera is designed to acquire the pipe 2D
images, from which local coordinate systems are established based on the measured pipe parameters. Then importantly, transformation
matrixes are established, including the transformation between the pixel coordinate system and the local coordinate system, as well as
between adjacent local coordinate systems. Next, spatial parameters of pipes in the global coordinate system are obtained through
coordinate unification, and 3D models of spatial pipes are reconstructed. Finally, the measurement system is developed and eight
repeated experiments of two different types of pipes are performed to verify the precision of the proposed method. The results show that
the repeatability deviations of length, bending angle, rotation angle and node coordinate are 0.305 mm, 0.033°, 0.263°, and
0. 325 mm, respectively. Compared with the measurement results of the three-coordinate measuring machines, the deviations of length
and angle are within 1 mm and 0. 5°, respectively. A detailed analysis and discussion of measurement errors are conducted. This study
provides a simple technique for automatic, highly accurate, online measurement of pipes.
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Fig.3 Sketch of the vision measurement system for pipes
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Table 1 YBC parameters of pipe 1

WA Y,/mm Y, mm  Yy/mm  C,/(°) C,/(°) B/(°)
1 37.497 73.497 30.327 72.685 51.856 32.577
2 37.363 73.421 30.258 72.652 51.826 32.110
3 37.071  73.160 30.925 72.670 51.859 32.698
4 37336 73.540 30.999 72.666 51.837  32.262
5 37.321  73.155  30.966 72.652 51.862 32.447
6  37.239 73.479 30.832 72.673 51.830 32.466
7 37.425 73.019  30.902 72.677 51.850 32.478
8  37.906 73.052 30.667 72.688 51.864 32.138
¥ME  37.395 73.290 30.735 72.670 51.848 32.397

PR 0.293  0.183  0.260  0.013  0.013  0.206

_51.90 (57.534°,51.856°) /270 (24.957°,72.685°)
<5185 : P X L R — :
g;}?g ET2.66 *2 BHERIYBC 2
51.70 §72.64 Table 2 YBC parameters of pipe II
51.65 1 1
52 54 56 58 60 62 18 20 22 24 26 28 W Yy/mm o Y,/ mm Yi/mm G /(°)  C/(°)  B/(°)
Heb 1) e 1 8/ : : ! ' :
(a) &8 | M (b) B 1 T 1 16.820 104.920 13.863 60.903 55.101 85.482
(a) Upper side of pipe | (b) Lower side of pipe |
. 60.96 2 16.929 104.919 13.910 60.927 55.101 85.436
o ML (01767°, 551277 Tgpoql  (15.938°,60.957%)
= 3510 3 160,92 % 3 16.061 104.503 13.420 60.954 55.133 85.892
& 5508 £60.90
& 5506 #60.88 4 16.157 104.445 13.054 60.996 55.139  85.693
#5504 i ﬁgg'gg i
109 1 10T s RN 5 16,373 104709 13.134 60.995 55.144 85.190
e () TR 8 BE/(0)
© %Eﬁ" J:mj. ) %:% m Tﬂ.“ 6 16.869 104.815 13.522 60.937 55.127 85.830
(©) Upper side of pipe I (@) Lower side of pipe [ 7 16.724 104971 13.388 60.978 55.142 85.432
X g X 53
[7{{] 9 " %E{I@RMﬁ 8 16.341 104.723 13.621 60.935 55.106 85.143
Fig. 9 Pipe image acquisition
& P & q P 16.534 104.751 13.489 60.953 55.124 85.512
2 0.305 0.185 0.300 0.033 0.015 0.263
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Fig. 10 Pipe image
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Table 3 Nodes measurement of pipe I

Al k2 a3 a4
U . P, e T . I/ . il 5/
mm mm mm mm

1 (824.391,-1 650. 280,0) (0,0,0) (1918.190,4 091. 800,0) (412.618,5 617.420,1 291. 510)
2 (833.312,-1660.010,0) 0.388 (0,0,0) 0  (1912.260,4091.710,0) 0.174 (402.089,5 614.040,1 277.040) 0.350
3 (831.753,-1658.560,0) 0.326 (0,0,0) 0  (1918.010,4091.610,0) 0.008 (405.473,5 617.480,1 294.920) 0.233
4 (830.876,-1 658.550,0)  0.309 (0,0,0) 0  (1918.330,4 091.420,0) 0.012 (406.890,5 619.520,1 288.340) 0.202
5 (824.665,-1662.150,0) 0.349 (0,0,0) 0  (1934.660,4 080.140,0) 0.594 (419.405,5 609.580,1 287.070) 0.332
6 (824.544,-1 658.650,0)  0.246 (0,0,0) 0  (1933.000,4 086.890,0) 0.459 (415.105,5 612.870,1 288.740) 0.173
7 (812.289,-1 659.000,0) 0.439 (0,0,0) 0  (1916.420,4 091.870,0) 0.052 (402.745,5 621.220,1 285.440) 0.359
8 (830.227,-1659.170,0)  0.313  (0,0,0) 0  (1930.260,4 064.210,0) 0.886 (405.746,5 604.050,1 277.420) 0.255
¥iE 0. 339 0 0.312 0.272
FrifE 2 0.071 0 0.325 0. 069
x4 EERITENE
Table 4 Nodes measurement of pipe II

a1 a2 W3 a4
o AT px M i A px i/ AT px e/
mm mm mm mm

1 (353.969,688.422,0) (0,0,0) (2 027. 180, -3 800. 500,0) (2303.500,-4 171. 050,816. 716)
2 (353.887,688.293,0) 0.004 (0,0,0) 0  (2029.670,-3801.120,0) 0.075 (2 302.810,-4 173.260,821.836) 0.165
3 (353.972,688.342,0) 0.002 (0,0,0) 0  (2029.360,-3 802.300,0) 0.083 (2297.310,-4 177.720,817.669) 0.269
4 (354.556,689.609,0) 0.039 (0,0,0) 0  (2028.680,-3 801.530,0) 0.054 (2 303.550,-4 170.410,817.910) 0.040
5 (354.842,689.818,0) 0.048 (0,0,0) 0  (2028.110,-3 801.070,0) 0.032 (2296.710,-4 173.520,818.303) 0.218
6 (354.581,689.512,0) 0.037 (0,0,0) 0  (2027.670,-3802.910,0) 0.072 (2 294.340,-4 178.180,817.988) 0.343
7 (353.637,688.178,0) 0.012 (0,0,0) 0  (2028.250,-3 802.450,0) 0.065 (2 301.750,-4 176.240,819.418) 0.180
8 (351.690,688.929,0) 0.069 (0,0,0) 0  (2034.690,-3799.290,0) 0.224 (2308.710,-4 173.780,819.610) 0.193
BIfE 0.030 0 0. 086 0.201
bRz 0. 025 0 0.071 0.112
~
(3731
(;;l))ii\j?illfe (b§b3)D:d§m (a()al)’i%eq?iure (bgb_'%)DEdfgm
B &gl =4eK 12 &gl =4
Fig. 11 3D diagram of pipe [ Fig. 12 3D diagram of pipe II
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Table 5 Comparison of measurement results for pipe
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WHEIrE Yi/mm Yy/mm Yi/mm o C/(°)  G/(°) B/(°)
ASCHIME 37.395  73.290  30.735  72.670 51.848 32.397
=MFR 38.033  73.946  30.674  72.543  51.755 32.035
2 0.638  0.656  0.061  0.127  0.093  0.362
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