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Deep sea in-situ binocular stereo vision imaging system with laser scanning

Xie Liangliang, Tu Dawei, Zhang Xu, Xiao Guoliang, Jin Pan

(School of Mechatronic Engineering and Automation, Shanghai University, Shanghai 200444, China)

Abstract:To achieve the 3D measurement of deep sea in-situ objects, a laser scanning binocular stereo vision imaging method is
proposed. Based on the principle of binocular stereo vision, an underwater binocular stereo imaging measurement model is formulated in
the form of a four-dimensional light field representation. The laser line scanning light bar is used as the pixel matching clue. The pixel
matching algorithm improves the accuracy between two cameras, which is based on coplanar constraints. Through the design of high-
pressure resistant structural, electrical and software, the corresponding engineering prototype is developed. Hydrostatic pressure
experiments show that the prototype can adapt to the pressure in a depth of 4 000 meters in deep sea. In the laboratory precision
experiment, a standard bat is 3 meters away from the prototype to evaluate the measurement accuracy. After multiple scans and 3D
reconstructions, the standard deviation of the center distance between two balls is 2. 28 mm. The South China Sea actual experiments
show that the prototype has the capacity to implement the deep sea in-situ scanning 3D measurement and reconstruction work. The
standard deviation of the standard bat is 2. 22 mm at a distance of 2 meters from the prototype. The above researches and experiments
indicate that the prototype has the capacity of in-situ measurement in deep sea. The higher three-dimensional measurement accuracy can
be realized.
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Fig. 1 Underwater binocular stereo vision measurement model
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Fig. 2  The four-dimensional parameterized representation

of the light field
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Fig. 3 Principle of underwater laser scanning measurement
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Fig.4 Schematic diagram of pixel matching search
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Fig. 5 Structure of laser scanning binocular stereo imaging system
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Fig. 6  Structure of the Laser scanner and optical path converter
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Fig.7 System control unit
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Fig. 8 Schematic diagram of the prototype
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Table 1 Calibration parameters of the system

2R ZERIBUbTE S EL AAHHLbRE S5
fisk, 1 451.306, 1451.021 1 450.380, 1 450. 551
s c, 1 052.594, 773. 619 1 033.636, 772. 173
ki, ky, ky  0.015, 0.000, -0.014 0.012, 0.003, -0.016
Pis P2 0.001, 0.001 0.000, 0.000
n ~0.0233,-0.0132,0.999 6 —-0.017 2,-0.016 9,0.999 7
29.3420 28.546 6
u 1.3330 1.3330
R, 0.012 1,0.211 0,0. 002 4
t -1 147.816 3,-14.362,237. 197 8

it FEZE K (40 MPa) |, 4% BRIV A5 3L AR A B 10560 7 v
(HYO016. 15-1992) , %I 1. 25 %, Bl 50 MPa #/K J& 3%}
AR THT 00, 0 7 7 5 [ 58 TR fg 5 b 4
T EEAT  IF B = i A IR R R A PR
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Fig. 10 Hydrostatic test curve

FRICE 7R W, B EK B4R O 150. 13 mm, BR .0 BE N

497.72 mm, JFAEENLEI N &, P45 8 = 8UHE, 2 A
Polyworks F4- X fEERUEAT = dEFad, W& 11(b) Fiow,,
AR E A PER /S D1 D2 K HERERDE X,

\

(a) 7K bR 56 3% 5t

(a) Experiment scene in tank

11

(b) B =4

(b) 3D reconstruction of the target bar

KA B

Measurement accuracy experiment in tank

Fig. 11

TEMIE 2 mx2 m JEH N, SEERFEALEL 10 ML E,
200 R A, 2 A 2] 10 4R ER Y 7 Bk AR
D11,D12,--- D110;D21,D22,--- D210, ¥k .L» BE X1,
X2, X10 5508 AT B P ELER BLAR R 25, MK B
TR ANER O BEAR N FBRIEZS , IN3R 2 I

®2 KbBMEMNELER

Table 2 Measurement results of the multi-positions accuracy in laboratory mm

e ke el RMEL g, REZ R e RO R

R b2 w7 bR R brif 22
1 150. 625 0.495 150. 932 0. 802 499.919 2.199
2 150. 408 0.278 150. 783 0. 653 499.297 1.577
3 149. 134 -0.996 149. 590 ~0. 540 499. 577 1.857
4 150. 808 0.678 150. 220 0. 090 500. 007 2.287
5 150. 795 0. 665 150. 500 0.370 499. 588 1.868

6 150. 213 0. 083 034 149. 880 -0.250 0-61 498.773 1.053 >
7 150. 696 0. 566 151.301 1171 500. 462 2.742
8 149. 951 -0.179 150. 760 0. 630 500. 622 2.902
9 150. 643 0.513 150. 669 0.539 500. 774 3.054
10 150. 289 0.159 150. 378 0.248 500. 200 2.480
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Fig. 12 In-situ measurement experiment in the

South China Sea
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Table 3 Measurement accuracy experiment of the same position in the South China Sea mm

o osier Rl BB, REZRER e BOE ROE

mE brifii2E 2% Frifii 2 B2 brifi2:
1 150. 407 0.277 149. 941 -0. 189 499. 860 2.234
2 150. 439 0.309 149. 928 -0.202 499. 968 2.248
3 150. 417 0.287 149. 791 -0.339 499.951 2.231
4 150. 420 0.290 149.972 -0. 158 499. 938 2.218
5 150. 362 0.232 149. 880 -0.250 499. 969 2.249

6 150. 297 0.167 0-210 149. 881 -0.249 0.280 499. 997 2.277 2220
7 150. 337 0.207 149. 876 -0.254 499. 988 2.268
8 150. 247 0.117 149. 931 -0. 199 499. 970 2.250
9 150. 275 0. 145 149.763 -0. 367 499. 900 2. 180
10 150. 160 0. 030 149. 675 -0. 455 499. 902 2. 182
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