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High-precision and fast three-dimensional reconstruction of
underwater images driven by the shape-from-shading algorithm

GUAN Fengxu'?, WU Zhuofeng?, ZHANG Yuzhu', TANG Shiwen', YAO Jiahao', DU Xue'

(1. College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China; 2. Nanhai Insti-
tute, Harbin Engineering University, Sanya 572024, China)

Abstract: Shape from shading (SFS) represents an indispensable key technique in three-dimensional (3D) reconstruc-
tion. It leverages the luminance information of the gray scale of the object in a single image to determine the relative
height and the surface normal vector of each point, and the existing linearization algorithms of SFS leverage a Taylor
series approach for the expansion, thereby ignoring the influence of the higher-order part, which causes issues, such as
the inaccuracy of the reconstructed image in 3D. Thus, to solve the accuracy problem of 3D reconstruction, a high-preci-
sion, fast 3D reconstruction method for underwater images is proposed based on the enhancement driven by the SFS al-
gorithm. This method solves the existing issues regarding insufficient data utilization and low iteration speed, thereby
improving the accuracy of 3D reconstruction. Regarding the application to real and virtual images for the experimental
evaluation and quantitative analysis of 3D reconstruction, the proposed SFS algorithm-enhanced high-precision and fast
3D reconstruction method for underwater images delivers satisfactory signal-to-noise ratios and entropy values regard-
ing image information compared with classical SFS-linearization and SFS-minimization algorithms.

Keywords: side-scan sonar image; shape from shading; 3D reconstruction; linearization method; seabed detection; high-

precision imaging; underwater image; image processing
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Table 2 Comparison of evaluation metrics for 3D recon-
struction of sand patterns on the seafloor

Tk MIRRE [FME/AB fFEMEbL s
LN — 44.8784 5.9815 —
Hom77#k 02111 38.4412 6.0854  52.399
Tsai /7% 0.4462 37.1849 6.0650 3.199
AT 04233 37.2410 6.1925 2.356
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Fig. 6 Wreck side-scan sonar pre-processing image
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Fig. 7 3D reconstruction effect of wreckage
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Table 3 Comparison table of evaluation indexes for 3D re-
construction of shipwrecks

Tk MRS [EMELL/dB  (SEMi/bit  mhE]/s
AR — 42.4962 6.4714 —
Horn /i 0.6633 47.9545 44318  21.602
TsaiJiik  0.8122 41.1991 3.7680 1.582
ATE - 0.8819 46.2974 5.9720 0.783
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Fig. 8 Display of Mozart’s head
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Table 4 Comparison of evaluation indicators correspond-
ing to the results of 3D reconstruction of Mozart’s

head
i MIXRS  (SMEH/AB 5 EMi/bit  mHE)/s
ARG — 27.1411 5.4938 —
HornJ5yik  0.7418 24.2684 3.9928 0.935
Tsai/itk  0.7904 17.4683 3.9821 0.051
AR 0.8325 24.9378 4.0103 0.041
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