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Estimating deformation of pipe from its internal image
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In recent years, the number of pipes that have exceeded their service life has been increasing. Thus, regular
inspection of the pipes is required. In particular, a flexible pipe made of vinyl chloride shows its unique degradation,
such as oblatening. In this paper, we propose a method of estimating the degree of oblatening of a pipe from its internal
image captured by an earthworm robot. Covariance matrix of the image is used to obtain the degree of oblatening.
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Fig.1 Earthworm Robot
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(a) Original Image

(b) Image with inversion and thresholding

Fig.2 Pipe Image
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Table 1 Diameter and oblateness of PCV pipe

Numbers 1 2 3 4 5 6 7

Vertical Diameter{mm] 114 114 109 107 103 100 97.6

Transverse Diameter[mm] 114 116 119 121 123 124 126

Oblateness 0 0.020 [0.086 | 0.116 | 0.157 | 0.196 | 0.225

Table 2 Diameter and oblateness of dirty pipe

Numbers 1 2 3 4 5 6 7

Vertical Diameter[mm] 114 113 110 107 104 101 100

Transverse Diameterfmm] | 114 116 118 120 121 123 125

Oblateness 0 0.026 | 0.068 | 0.108 | 0.140 |0.179 | 0.200

Fig.3 Deformation process of a pipe
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Fig.4 Images of deformed PCV pipe
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Fig.5 Images of dirty pipe using a sheet of newspaper
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Fig.6 Comparison between estimated and true values of oblateness
with PCV pipe images
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Fig.7 Left : drawing axial direction(blue : semimajor axis, red :

short axis). Right : thresholding
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Fig.9 Comparison between estimated and true values of oblateness
with images of polluted pipe
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Fig.10 Left : drawing axial direction(blue : semimajor axis, red :

short axis). Right : thresholding
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