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Abstract Aiming at the large measurement error and low accuracy problems caused by refraction when conducting
underwater measurement based on non-parallel stereovision system, a measurement model of underwater
stereovision system is built via refraction light path. Given the relative position relationship between two cameras, a
parameter calibration method which is suitable for the measurement model is improved based on Agrawal's
algorithm. To verify the feasibility and robustness of the improved method, the underwater calibration experiments
are carried out. Experimental results show that, for the parameter of normal vector of waterproof cover, the results
of the improved method are closer to the actual results than that of Agrawal's algorithm. The measurement model
of underwater stereovision system calibrated in this paper is applied to measure the standard length between the

calibration points on the underwater target. The average measurement error is —0.0134 mm, and the maximum

error is 0.2073 mm, which is equivalent to the measurement accuracy of stereovision system in air.
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Fig. 1 Underwater stereo camera imaging model.
(a) Common refractive flat imaging; (b) independent
refractive flat imaging
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Fig. 2 Mathematical model of underwater stereovision measurement system
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Fig. 3 Refractive imaging properties of camera underwater. (a) Intersection of an underwater refracted ray

extension line with a common axis of the refractive surface; (b) refractive flat constraints
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+ reconstructed target point ignoring refraction

(b) + reconstructed target point with our method
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Fig. 5 Reconstruction results of underwater targets points. (a) Images of left and right cameras;

(b) three-dimensional information of underwater target points
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point ignoring refraction; (b) reconstructed underwater target point with our method
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Table 1 Standard length measurement results for underwater target of 30 postures

(a) Flatness of reconstructed underwater target point

No. Measurement length /mm Measurement error /mm No. Measurement length /mm Measurement error /mm
1 149.9983 —0.0017 16 149.9926 —0.0073
2 150.0199 0.0199 17 149.8474 —0.1526
3 150.0136 0.0136 18 149.9546 —0.0454
4 149.7574 —0.2425 19 150.0127 0.0127
5 149.9811 —0.0190 20 150.0423 0.0423
6 149.9783 —0.0217 21 150.0226 0.0226
7 150.0293 0.0292 22 150.0074 0.0074
8 149.9977 —0.0023 23 149.9677 —0.0323
9 150.0104 0.0104 24 150.0428 0.0428
10 150.0099 0.0098 25 150.0130 0.0130
11 150.1162 0.1161 26 150.0026 0.0026
12 150.0738 0.0738 27 149.9656 —0.0344
13 149.9546 —0.0454 28 149.7927 —0.2073
14 150.0218 0.0218 29 149.9392 —0.0608
15 150.0060 0.0060 30 150.0261 0.0260
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Fig. 8 Comparison of standard length measurement error in air and underwater

0912004-8



2,
¥

it

i

2
¥

N iR — 25 R WA SCARC 0 4 ] HP A R B R Y
YA B RSB 0 KR Al — R bR b P b
A B F P AT L, O R A M R S B AT L
BAT R IR 22 IR BDK AR 30 MESTERE
PIARE A 18] 125 1% 22 A9 e R E 5 F B {6, 25 2R
F 2R, MR 2 G TKTEAR 30 MEX,
[F] — 22 A A b A T A A [ S B 0 1R 2
WEX/NT 0,15 mm, I & 5% 22 1 e REH /DT
0.8 mm ff MEEE IR 5 HUARTE 23 0 i I 4 45 R AT

XFH LR 9 Frs . Z=A0R 30 MER TR B
R b A ) B B ) R 25 S B R N T
0.1 mm, I35 22 09 e KA/ T 0.3 mm, AL
V%08 KT AR A B R % 22 P (B A
HIRZNFHEAMYE . X T2 ALET 8 R
PRI B2 3R 22 1 e R fRLOR B B 25 LA A o 28 4
T AR R R 22 3 KA1 D K R B AR KR - ST
v B N R 22 1 B RAE 5 2= P Y 45 2R A 2
FT A T S R AR SR B A 2R

2 KT 30 AMEEA TN AR AR RE A 18] Br A A o I R iR 22

Table 2 Standard length measurement error of all calibration points for underwater target of 30 postures

No. Average error /mm Max error /mm No. Average error /mm Max error /mm
1 0.0432 0.2142 16 0.0416 0.2476
2 0.0237 0.1106 17 0.1116 0.6701
3 0.0209 0.1013 18 0.0725 0.3193
4 0.1466 0.5568 19 0.0342 0.1305
5 0.0390 0.2623 20 0.0459 0.2648
6 0.0859 0.5859 21 0.0270 0.1049
7 0.0276 0.1570 22 0.0392 0.1500
8 0.0291 0.1211 23 0.0404 0.1558
9 0.0366 0.2571 24 0.0226 0.1205
10 0.0224 0.0999 25 0.0478 0.2161
11 0.0587 0.2565 26 0.1056 0.4161
12 0.0392 0.2782 27 0.0501 0.2441
13 0.0449 0.2005 28 0.1271 0.7789
14 0.0845 0.3619 29 0.0802 0.3861
15 0.0361 0.1512 30 0.0363 0.2031
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Fig. 9 Comparison of all standard length measurement errors in air and underwater on target
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