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Image distortion correction algorithm for complicated deep-hole

profile using structured-light
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Abstract: To achieve the high precision measurement of the complicated deep-hole profile geometric
parameters, the detection system for the profile based on the structured light was established. However the
images collected by the camera had larger geometric distortion compared with the plane images from the
profile because of the curvy surface features of the deep-hole profile. The geometric distortion affected
the calculation accuracy of the geometric parameters directly. Firstly, the models were established
indiscriminately for the deep-hole profile and its plane structure to analyze the space coordinate
transformation between each other. Then, the ideas of the cubic spline interpolation and discrete mapping
were referred to propose the deep-hole profile correction algorithm based on the discrete mapping
considering the precision and speed of the distortion correction comprehensively. The purpose of
correcting the deep-hole profile distortion online was achieved through the algorithm. The test precision
reached the sub pixel level and the error was less than 0.1 mm.
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Fig.1 Deep-hole profile detection system based on the structured light
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Fig.3 SCSM test and pretreatment of the DPM
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Tab.1 Related data of the distortion correction in the Y direction

Serial number Y1/pixel Y2/pixel el/pixel || Serial number Y1/pixel Y2/pixel el/pixel | Serial number Y1/pixel Y2/pixel el/pixel
1 33 32.515 0.485 17 368 367.50 0.50 33 201 200.899  0.101
2 117 116.438  0.562 18 452 451.517  0.483 34 284 283.517  0.483
3 201 200.461  0.539 19 33 32.386  0.614 35 368 367.50 0.50
4 284 283.50 0.50 20 117 116.499  0.501 36 452 451.483  0.517
5 368 367.408  0.592 21 201 200.50 0.50 37 33 32.509  0.491
6 452 451.469  0.531 22 284 283.627  0.373 38 117 116.563  0.437
7 33 32.548 0.452 23 368 367.221  0.779 39 201 200.589  0.411
8 117 116.535  0.465 24 452 451.50 0.50 40 284 283.50 0.50
9 201 200.390  0.610 25 33 32.330  0.670 41 368 367.496  0.504
10 284 283.368  0.632 26 117 116.890  0.110 42 452 451.451  0.549
11 368 367.517  0.483 27 201 200.529  0.471 43 33 32.485 0.515
12 452 451.550  0.450 28 284 283.50 0.50 44 117 116.484  0.516
13 33 32.534 0.466 29 367.50  366.89  0.610 45 201 200.723  0.277
14 117 116.653  0.347 30 452 451.517  0.483 46 284 283.50 0.50
15 201 200.399  0.601 31 33 32.483 0.517 47 368 367.593  0.407
16 284 283.518  0.482 32 117 116.384  0.616 48 452 451.453  0.547
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Tab.2 Related data of the distortion correction in the X direction
Serial number X1/pixel X2/pixel e2/pixel || Serial number XI1/pixel X2/pixel e2/pixel || Serial number X1/pixel X2/pixel e2/pixel
1 27 26.474  0.526 17 195 194.50  0.50 33 446 445.917  0.083
2 27 26.448  0.552 18 195 194.911  0.089 34 446 445.517  0.483
3 27 26.373  0.627 19 278.50  277.590  0.910 35 446 445.50  0.50
4 27 26.50  0.50 20 278.50 278.017  0.483 36 446 445.045  0.955
5 27 26.595  0.405 21 278.50 278.017  0.483 37 530 529.437  0.563
6 27 26.487  0.513 22 279 278.762  0.238 38 530 529.769  0.231
7 111 110.449  0.551 23 279 278.375  0.625 39 530 529.416  0.584
8 111 110.089  0.911 24 279 27850  0.50 40 530  529.50  0.50
9 111 110.909  0.091 25 362 361.484  0.516 41 530 529.159  0.841
10 111 110.098  0.902 26 362.50 362.262  0.238 42 530 529.120  0.880
11 111 110.517  0.483 27 363 362.345  0.655 43 614 613.291  0.709
12 111 110.187  0.813 28 362 361.50  0.50 44 614.50  614.467  0.033
13 195 194.405  0.595 29 362 361.331  0.669 45 614  613.371  0.629
14 195 194.877  0.123 30 362 361.517  0.483 46 614  613.50  0.50
15 195 194.080  0.920 31 446 445.676  0.324 47 614  613.50  0.50
16 195 194.518  0.482 32 446 445.236  0.764 48 614  613.491  0.509
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Fig.8 MCSM test and correction of the DPM
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