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Real-time reconstruction of wave field in laboratory
based on binocular stereo vision

LI De—yu', XIAO Long—fei"*, WEI Han—di"*
(1. State Key Laboratory and Ocean Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. SJTU Yazhou Bay Institute of Deepsea Sci—Tech, Sanya 572024, China)

Abstract: The accurate measurement of wave evolution is fundamental for the hydrodynamic studies of ma-
rine structures. An image—based method was proposed to measure waves in the laboratory based on binocular
stereo vision. The light foam particles were used as trackers to mark wave surface for obtaining the wave imag-
es with sufficient textures. The images were rectified based on epipolar constraint, and threshold segmenta-
tion was used to avoid the interference of uneven light and bottom reflection. A stereo matching algorithm
with GPU acceleration was used to achieve the real-time matching of wave images, obtaining the point cloud
and mesh of the wave surface. Through the reconstruction of the image sequences, the wave time series, wave
heights and periods were extracted. They were then compared with the measurements by wave probes, show-
ing great agreements. The results indicate that the proposed method can accurately measure the 3D wave
field in the laboratory, capturing the instantaneous evolution of wave and providing real-time monitoring.
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Fig.3 Photographs of the experimental setup
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Fig.4 Image preprocessing
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Tab.1 Timing comparison of image matching with different resolutions

EUG R SR 2 FasterStereoCuda SGBM
1280%1024, D=240 pixel 13.74 ms (72.78 fps) 1167.02 ms (0.86 fps)
808x%608, D=160 pixel 5.80 ms (172.41 fps) 227.00 ms (4.41 fps)
720x540, D=140 pixel 4.76 ms (210.10 fps) 174.99 ms (5.71 fps)
640x512, D=120 pixel 3.63 ms (275.20 fps) 152.35 ms (6.56 fps)
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Fig.7 Reconstructed 3D point clouds (left) and surfaces (right)
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Fig.8 Reconstruction of wave surface within a wave length
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Tab.2 Comparison of wave statistics
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T,/s A,../mm T/s H/mm
R 1.1337 36.07 0.7996 41.97
SGBM 1.1309 35.76 0.7991 42.37
FasterStereoCuda 1.1315 35.48 0.7995 41.12
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