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3D Measurement of Objects in Water Using Fish-eye Stereo Camera

Tatsuya NARUSE, Atsushi YAMASHITA, Toru KANEKO and Yuichi KOBAYASHI

Sensing in aquatic environments is important to maintain underwater structures and research aquatic life. This paper

proposes a 3D measurement method of objects in water using a fish-eye stereo camera. Aquatic sensing meets the difficulty

of 3D measurement because of light refraction due to the difference of refractive indices of air and water. This problem
is enhanced by distortion of fish-eye images. The proposed method removes distortion of fish-eye images by converting

them to perspective projection images. The corrected images are searched for corresponding points and measurement

points are located by triangulation. The effect of light refraction is considered by ray tracing to measure accurately in
aquatic environments. Experimental results show the effectiveness of the proposed method.
Key words: fish-eye camera, stereo measurement, underwater sensing, image processing, shape measurement
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Fig. 1 Refraction of light
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Fig. 3 Correction plane

(a) Before correction
Fig. 4 Correction of distortion

(b) After correction
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Fig. 8 Experiment environment  Fig. 9 Fish-eye stereo camera
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(a) Measured point

(b) Measurement points

Fig. 10 Measurment object 1

Table 1 Length and angle
angle [deg]
‘ consideration of

length [mm]
consideration of
refraction effect

Nar | refraction effect fnair
1 711 | 806 | 795 A 108.2 | 895 | 89.6
2 69.5 79.6 79.5 B 102.2 | 91.7 90.2
3 775 78.4 78.7 C 102.6 | 91.9 89.4
average 72.7 79.5 79.3 average 104.3 | 91.0 89.7

no ‘ yes no ‘ yes
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Fig. 11 Reconstructed plane
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Fig. 12 measurement object 2
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Fig. 13 Result of range evaluation
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