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Fig. 1 Ice surface irradiated by laser
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Fig. 2 Schematic diagram of 3D position measurement of bubbles: (a) schematic of the working device;

(b) schematic of a spherical bubble's vertical section; (¢) schematic of a columnar bubble’s vertical section
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Fig. 3 Schematic of the ice bubbles testing device based on scattering theory
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Fig.4 PMMA (Polymethyl Methacrylate) samples and ice sample: (a) PMMA sample No. 1;
(b)PMMA sample No. 2 and schematic of notches on each layer; (¢c)PMMA sample No. 3 and

schematic of each layer; (d)ice sample
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Fig.5 Testing results of PMMA samples: (a) testing result of PMMA sample No. 1;
(b) testing result of PMMA sample No. 2; (c) testing result of PMMA sample No. 3
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“Machine vision” nondestructive testing method for
the defect characteristics of bubbles in ice

CHEN Dingsheng', LIU Zhanwei', YU Yang'*?

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;

2. Institute of Artificial Intelligence in Sports, Capital University of Physical Education and Sports, Beijing 100191, China)

Abstract: The mechanical property of ice can be influenced by its bubbles inside. In order to further
understand the defect characteristics of bubbles, the conventional way to detect ice bubbles is to cut
the ice sample into slices. In this way, the sample preparation has to separate from the ice. This paper
developed an efficient quantitative identification method based on laser scattering theory to detect ice
bubbles, which included a movable slant laser sheet and a camera perpendicular to the testing sample.
The laser can highlight the bubbles inside and improve measurement accuracy. Starting from
refraction theorem, 3D position of the bubbles can be easily acquired by a single camera. The deep
dimension was determined according to the duration of bubbles being illuminated by the laser with
uniform velocity. A series of experiments on transparent PMMA (polymethyl methacrylate) with
certain holes or notches were conducted to verify the feasibility of this method. The shape,
distribution, quantity, and volume fraction of ice bubbles were obtained by further experiments on ice
samples. This method causes no damage to ice, which ensures further experiment on the same
sample. This method has application potential in the study of ice mechanical properties and the
nondestructive testing field of transparent material.

Keywords: laser scattering; ice bubble; nondestructive testing



