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Underwater digital image measurement using lens sleeves

MAO Shuang-shuang', CHEN Li', ZHANG Dong-sheng'’(1. Department of Mechanics, Shang-
hai University, Shanghai 200444, China; 2. Shanghai Key Laboratory of Mechanics in Energy Engineering,
Shanghai 200072, China)

Abstract: Objective To explore the mechanical testing technique suitable for biological materials under water en-
vironment. Methods Based on digital image correlation ( DIC) method, the unique lens sleeves which can avoid
the distortion caused by underwater photography was designed, and this technique was applied to determining
mechanical properties of the fish scales. Results The experiment on translation of the water sink indicated that
the use of the designed lens sleeves could effectively reduce errors for underwater measurement with high preci-
sion; the mechanical testing on fish scales showed that different regions of the fish scales had obviously different
mechanical properties, but the differences induced by regions of the dehydrated fish scales were significantly re-
duced. Conclusions The designed lens sleeves in this study can be applied to image acquisition effectively, and
determination of mechanical properties of the biological materials under water environment was achieved using
DIC method.

Key words: Digital image correlation (DIC) ; Water environment; Biological materials; Mechanical testing; Lens
sleeves; Image acquisition
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Fig.1 Schematic of the image capture
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Fig.2 Schematic of obtaining the fish scale
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Fig.3  Preparation for tensile specimens of

the fish scale and its geometry
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Fig.4 Experimental facilities for testing tension of the

fish scales
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Tab.1 Translational displacement of the sink corresponding to five

cases mm
TR OL(1) BL(2)  MEBL(3) IEBL(4) IEBLES)
0.050 0.049 0.043 0.048 0.044  0.045
0. 100 0.098 0.089 0.097 0.092  0.092
0.150 0. 144 0.139 0.145 0.132  0.142
0.200 0.191 0.182 0.194 0.184  0.190
0.250 0.238 0.230 0.241 0.227  0.238
0.300 0.285 0.273 0.288 0.270  0.283
0.350 0.333 0.316 0.335 0.312  0.330
0.400 0.382 0.359 0.381 0.355  0.377
0.450 0.430 0.406 0.431 0.403  0.424
0.500 0.477 0.455 0.477 0.449  0.472
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Fig.5 Stress-strain curves for different regions of the fish scales
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Fig.6 Mechanical parameters fish scale obtained from different regions of fish
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