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Research on the high precision measurement method of underwater rotary
scanning based on linear structured light

Liu Tao,Guan Tianhang,Du Hongwang,Zeng Zesong, Wang Ningning

(College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150000, China)

Abstract: With the development of the field of marine engineering, how to obtain high-precision three-dimensional point clouds of
underwater objects has significant academic and practical value. However, the propagation of light in different media causes change in the
optical path, which may lead to refraction distortion in the point clouds obtained through underwater structured light vision measurement and
reduce accuracy. To address these issues, this article proposes an underwater rotational scanning measurement system based on structured
light. An algorithm for axial calibration is proposed to register multi-view underwater point clouds into a unified coordinate system. In
addition, an underwater camera imaging model is introduced, which incorporates refraction compensation. This model accurately describes
the optical path of laser propagation between different media. By applying the constraints of the underwater laser plane equation, refraction
correction is performed on the underwater point clouds. Thereby, the reconstruction accuracy is improved. Experimental results of
underwater measurements demonstrate that the proposed high-precision measurement method can obtain three-dimensional point cloud
information of underwater objects. The measurement accuracy reaches 0. 2 mm when the distance to the target is between 30~ 80 cm, which
could meet the requirements of high-precision three-dimensional measurement of underwater targets.
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Fig. 1 Real picture of the underwater survey system
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Table 1 Hardware components of the underwater

rotary measurement system
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Fig. 2 Underwater camera motion model
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Fig.3 The simplified move model of camera
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Fig.4 Optical plane fitting
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(b) Obtaining light stripe point cloud data in water
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Fig. 7 Diagram of parameter calibration process
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Table 3 Point cloud planarity error under different

working distances mm
TARRERS Hm R
30 0.19
40 0.15
50 0.12
60 0.15
70 0.13
80 0.14

A FAHINLS WG B9 M BE PR, 5 TARRE B >80 em
8<30 cm, MHLTCIEMHE R L% . (H7E 30~ 80 cm [ TAE
PR DX [, 7K = 4 R AR AE 0.2 mm DAN

N T BB UEAS SCR G MG B LA S S, LA
HIN TSI R, BEATK T = 4ETE &, W 12 Fm o
TS E S R AR A 13 fros. X e prak
R RS SRR B, Wb A SCR G H LRk
T =R

Xt AIK T R AT B0 T A5 2= K30 4 TR s 405
T, #% PR A A i B 4005 F T A9 R B RV R IR (L (2
ROEJR Rz AR EE I 14 Fron , HO R TR iR 25 00
Prinse 4 iR, S5REHALRG AN — Bk st17K
TEgEEE, SERARBOL GG B, Bk T RS
WSS,

Rl X A N KA ST BT T KT =4
VISR R G 80 AT 2B AR R A ER 1, ) 15
Bz o
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Fig. 12 Experiments on underwater three-dimensional

reconstruction of machined parts
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Fig. 13  Pictures of machined parts and groove dimensions
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Fig. 14 Trench depth values for underwater point cloud data
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Table 4 Trench depth values mm
B Pt e R EE
palif HIME
BRIE R/ME FH{E
15 10. 00 10. 18 9.91 10. 04
25 6. 00 6.13 5.92 6. 06
35 3.20 3.31 3.12 3.25
45 1. 60 1.69 1.55 1.62
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Fig. 15 Point cloud data of different objects

TF R o MEBN T ASCER i 7K T ARLBUS AR B At AR A
E BA ROHEFIHERA M, S0 UE 1 AR SCER M A8 K T e 2 U
BITE ARG AT

5 &

ARSCHR T —Fp R TR EEHERIK T e E i R
BEM IR T K PR I B RS, 588 T #%
6T B RO BEAR A2 , 5 I — R AR 8 S K e e vEAE
[l —AsbR 2R IR R e i 2 B T B AYT S M
FZK T AIBLS AR AL, 3 3 Z M BB FE A [ A AL 8% 1)
AR, SHK T =4 p AR AT T AR IE . SR A5 IR
F W, B H AR 30~80 em B, Hr i IE S5 /K T S =
LAY AR 22 H 0. 038 5 mm, XN T4 7K T =4
FHHEMAEE R 0. 2 mm, §BHE 5 AR FFK T YR I =45
Py NI =1 e S 1 G 7 2 R N e e 2.7 N
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