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Abstract: Machine vision is crucial for detecting surface defects on cylindrical objects. While correcting the
perspective distortion of images of cylindrical objects is feasible, shooting conditions pose challenges. Cylin-
drical objects are often observed in tilted positions. To address distortion caused by the perspective projection
of inclined cylindrical object surfaces, a method for image correction based on cylindrical surface pose estima-
tion was proposed. This method first extracted the side edges of cylindrical images and then estimated the
pose relationship between the cylindrical surface and the camera by using the cylinder radius and the system's
imaging parameters. An iterative algorithm with variable step size was employed to precisely calculate the cy-

lindrical surface pose. Subsequently, a correspondence relationship between the subdivision mesh points of
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cylindrical surface and the original image pixel coordinates was established. The surface was unfolded into a
plane, and a correspondence relationship between the unfolded subdivision mesh points and the corrected im-
age pixel coordinates was established. This created a mapping relationship between the corrected image pixel
coordinates and the original image pixel coordinates, allowing for resampling of the original image to obtain
the corrected image. Experimental results demonstrate that the average distance error of cylindrical surface
pose estimation is 0. 3 mm, and the average angle error is 0. 60°. The average distance standard deviation of
adjacent corner points of a chessboard-patterned cylindrical object surface decreases from 12. 2 pixels pre-cor-
rection to 0. 8 pixels after correction. The corrected image effectively identifies text on the cylindrical sur-
face, with a measurement error of defects on the cylindrical surface not exceeding 0. 1 mm. The corrected
image eliminates the inclined projection distortion and "near large, far small" perspective deformation of the
cylindrical surface, validating the effectiveness of the proposed method.

Key words: computer vision; image correction; inclined cylindrical surface; perspective projection distor-

tion; pose estimation
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Fig. 1 Perspective Imaging Effect of Cylindrical Surface
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Fig. 3 Perspective projection model of cylindrical surface
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Tab.1 Iterative table for single cylindrical surface pose

estimation

Iterations d/mm ¢/ a/(°) B/ () S,

mm

0 187.33 10.81 —7.105 0.3436 —&9.687
1 187.83 9.81 —8.106 0.844 —56.527
2 188.33 10.31 —7.606 1.344 —25.528
3 188.83 10.81 —37.856 1.844 —19.970
4 189.33 10.56 —8.106 2.344 —15.523
5 189.08 10.69 —7.981 2.094  3.008
6 189.08 10.69 —8.043 2.219 —6.288
7 189.08 10.69 —8.012 2.344 —2.953
8 189.08 10.81 —8.012 2.344  0.49%4
9 189.08 10.75 —8.012 2.469 —1.833
10 189.08 10.69 —8.012 2.406  2.733
11 189.08 10.72 —8.012 2.344  2.208
12 189.08 10.72 —8.012 2.344 —0.084
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Tab.2 Pose estimation error results for cylindrical surfac-

es with different radii

Radius/mm RMSEAG/(%) RMSEAd/mm
45 0.56 0.3
37.5 0. 50 0.3
33 0.61 0.3
25 0.65 0.3
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Fig. 7 Comparison of correction results for cylindrical surface perspective distortion
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Tab.2 Comparison of standard deviations of checkerboard corner distances

(pixels)

Image Original image Proposed method Contrast method 1 Contrast method 2 Contrast method 3
Number Standard deviation Standard deviation Standard deviation Standard deviation Standard deviation
Fig. 7(a) 12.6 0.8 1.6 2.8 1.8
Fig. 7(b) 13.2 1.1 3.9 1.3 1.4
Fig. 7(¢) 10.9 0.8 1.1 2.8 —
Fig. 7(d) 9.9 1.2 6.9 9.0 —
Fig. 7(e) 13.3 0.8 1.4 0.7 2.4
Fig. 7(f) 13.4 0.7 2.7 1.7 1.3
Fig. 7(g) 9.3 0.7 1.5 0.6 —
Fig. 7(h) 14.7 0.5 7.6 7.8 —

*3 HARETAREBREXAREZLERIR
Tab.3 Comparison of maximum errors in checkerboard corner distances

Image Original image Proposed method Contrast method 1 Contrast method 2 Contrast method 3
Number Maximum errors ~ Maximum errors ~ Maximum errors Maximum errors Maximum errors
Fig. 7(a) 40.4% 3.4% 5.1% 12.8% 11.3%
Fig. 7(b) 32.2% 6.9% 10.2% 7.9% 8.6%
Fig. 7(¢c) 29.0% 3.8% 2.3% 13.0% -
Fig. 7(d) 24.2% 6.1% 19.6% 48.3% -
Fig. 7(e) 52.8% 6.6% 11.4% 4.2% 26.3%
Fig. 7(f) 55.3% 3.9% 12.4% 10.1% 10.0%
Fig. 7(g) 30.4% 3.7% 7.8% 3.8% —
Fig. 7(h) 51.2% 2.2% 49.4% 61.2% -
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Fig.8 Partial images of actual scenes
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Fig.9 Partial images of actual scene with correction re-
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Tab.4 Comparison of Detection Results Before and After Image Correction in Actual Scenes

| Truth  Measured mean value /mm Error/ % OCR recognition
mage
& Correction target  value / Before After Before After Before After
number . ) . . ) )
mm correction correction  correction  correction correction  correction
Fig.8(a)  Distorted text — — — — — Failure Successful
Fig.8(b)  Distorted text — — — — — Failure Successful
Fig.8(c)  Surface damage 28.6 22.7 28.7 20.6% 0.3% — —
) Surface scratch 1 117.1 110.9 117.1 5.3% 0.0% - -
Fig. 8(d)
Surface scratch 1 119 110. 1 118.9 7.5% 0.1% — -
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