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Wave Surface Identification Based on Stereo Vision and Wave Theory:
an Initial Attempt

LI Shan'?, LIYe"
(1. School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University,
Shanghai 200240, P.R.China;
2. State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University, Shanghai 200240, P.R.China )
(Contributed by LI Ye, M. AMM Editorial Board)

Abstract: The wave height is the most basic element of wave information, and accurate measurement of wave heights plays
a crucial role in both understanding wave theory and verifying numerical models. An improved optical measurement system
was proposed based on the principle of binocular stereo vision, which breaks through the limitations of traditional
measurement devices such as wave gauges and other single-point measurements, and improves the commonly used optical
measurement method relying solely on images by involving the water wave theory into the data post-processing procedure.
Through the identification and reconstruction of the unidirectional regular wave surface in a towing tank and the
comparison of the results with the wave gauges and theoretical incoming wave parameters for validation, the research
shows that, the measuring system has an error of about 1% in the measurement of a wide-area wave surface. Finally, a

preliminary attempt was made on the irregular wave surface identification.
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Fig. 1 The principle of stereo vision measurement
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Fig.2 The standard procedure of the stereo vision measurement system
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Fig.3 The improved stereo vision measurement system

FEXTEMG AT R AR | A IE Z I, AR SCH P B B8 I 7 ik 520 A R 8 M ikt 7, st 1 (5]
R BEAE AR 222 M VC C A9 5 S s, IR KR A2 A R0 1) 7 X T B2 DT L) 1 b U A R
AT

T H DI B 7K I R) AR AN T R AR A9 TC e iz 2l [ &5, PR] I il AN AT e 33 i 3l ) B AR ol A, i
ORI T 1) A MIRARAL 2) A HH6EE S Fsl )22 50 S AR A TR, SRAR o3 RME, PRS2 BR
o PP AEA AR A A 5 R ke o)y R 2H R A T i k.

Airy 7F 1845 4EHE H T s i 308, RIS 37 sh PR IR A /N Tk A kKB D i), B R H hifiz 3
2B 122 45T LA Ak, AT DA A6 oK i L 2 18 FR a0y s A . B KR R TRy = n(x, 2,03
N, z NPEIRALRE 7 1), 5 A5 BRI IR e 0 7 A HLR S PO EEAE AR, WK )4 i 8 R H i B 45 AT DA
b

reconstruction

V2 =0, (2a)
‘;—‘izo, (2b)
op 0%

gg"'m =0. (2(‘)

3 (a) MR, X (2b) AKIEHF &M (y=—D), 5 (2c) Iy A LA (=0) , ¢ J 7K P H
g MEJIIEEE. xf b A TSR A RIS Airy PAYEES N

¢ = %sin(kz—wt)%’ v
Horb A S iBnE, P H=24, k HPEL w NFREIER, 2D - coftf,
¢= ‘%sin(kz—wt)eky- v
FH 1 PR T3 124, FT2 Alry T
n= _é% » = Acos(kz — wt). =

FRAH =S EOR AR, T EEOER TR ko A SEBY, I HFEEARH 4, k8% w REED
AIAG Y Adry TR A SO PR RS S50, WA Adry BERGBCAE, PRIHORE B A T R S | ABIRCH I R
Gy, FEAR TR ) A0 P R D T
2 R T SE R0
21 RBTR

AR SR SR TR T 1 S 2 [ R0 I A S0 & 1 2 D Re i B K b E T (R 4) . /K3t K 300 m,
$& 16 m, ¥ 7.5 m, f et RIS 10 m/s. KA —aa i A 15t i 2 il I R 4, R A 40 B i, ol
LA Gt . AN HI 3t LR Ak 1 30k, Hwe KR 9% 8 0.55 m, il A2 36 T 000 BT B R TH I R AL T
KL 5 — iy ()T D L T BT D R e B MR Y D R e A A ) DX TR RS DAL 80 m A=A Ab K L rh
O, BRARIE T I T AR R0 1, ke B 1 70l B T B [ e i e X3k ) 552



5512 AR, A5 BT L AL R IR BRI E A T I T IR 1363

IR REE WA 4 B8, TR RSB WL, 7 6 i RE RS TEAR LIS, a0 i 7E I DX S B AL AR 1 %25
/N, WK PE 22 R AL IARAE AR iR (] 5(a) TR ), EAR d =30 cm. 358 P BT HIAHALYS ) Phantom VEO-
340L Z 5 AR AL, 23 PEFR A 2560 pixel x 1600 pixel, {22 1R 10 um, 56 AP AR B E N 50 Hz,
BA T I 292 60 s. B 5(b) 45t T Ara i B as 4], Bl FH AR RO E 2 1 mox 1 m, BAERS RUH
45 cm x 45 cm, TEI DI A AN T IR B AR R WA T N A TR R e I DX, DA ST B e Y, 2ol i
IRZF TR E G 130 X, A5 (il XEE Y x x 223 m x 4 m, x /KM SEREJ5 1), 2z AR %
T,

left camera
y

(0] . NN measurement .
L’ z right camera \ area carriage
wave

free surface
wave gauges

maker

multiple function tank

B 4 X En

Fig.4 Schematic diagram of the experiment setup
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Fig. 5 Experimental photos: (a) the polyethylene marker; (b) the snapshot of calibration; (c) the snapshot of the left camera;
(d) the snapshot of the right camera
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Table 1 Calibration parameters of the stereo vision measurement system

intrinsic parameter left camera right camera

focal length (£, f;) / mm [3937.20908, 3936.40700] " [3925.72662,3924.51774]"
principal point (c,, ¢,) / pixel [1349.85569, 952.73155]" [1278.88564, 886.81188]"

distortion (ky, k>, p1, p2) 0.01 x [-2.593, 32.052, 1.046, 0.321]" 0.01 x [ -2.287, 47.839, 0.656, -0.27]"

extrinsic parameter

rotation [-0.03702, 0.25002, 0.1387]"
translation [-1397.67526, —141.94746, 153.43894] "
pixel error / pixel [0.20014, 0.23406] " [0.13965,0.21090] "
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Table 2 Statistics of the wave amplitude and the wave number
average maximum minimum variance standard deviation
A/mm 40.2810 41.8385 383161 0.2096 0.4578
k 2.4803 2.5928 2.3435 0.0012 0.0351

A 3 XL H 7 AR 5 2R G0 ST A 04 U T S BG4, A5 B T DU R UL ) 9% W 4,=40.281 0 mm, Y%%K
k=2.480 3, HR UL IR BIE, HAAFPIRBTE A £=0.785 3. IR 50 5 i 70 2 X PR v I TR 7 10 0 T TR
S RN ACREE 50 s BB HEA TS oA B I IR Ay, ky WAL £ 322 3 45 T OWUH REEM A5 | IR 1Y
Gt o bl R B ARG BEE S ER R L LA E T R 40 5 HA W B R 22, rTLVE =NS8R 2E 1
TE 1% A,

£3 HR RO S BHUH A SR

Table 3 Comparison of parameters obtained by the stereo vision, the wave gauges and the wave maker

parameter stereo vision wave gauge error wave maker error
A/mm 40.2810 40.10 0.45% 40 0.70%
k 2.4803 25112 1.23% 25116 1.25%
fHz 0.7853 0.7899 0.58% 0.79 0.59%

EREEROAGET AT, S T U s U e R AR LEAR, B 8 g i T R Al B A —
BB a] PAY 5 1 ey B2 BB TE] A9 A2 1, T AFE BI7E 20 s P, TR SCI A RS 00 H R 25 R AT 45, th et —28
B T %N B R G AT AR

E5E AL I T 00 AR e ke, AT T T T T AR i, 141 9 45 i 1 — i 20 5
Fay H A I e T 1] DT PR RT U, ERAR AT S VR TEE i R B GR, (BTSRRI HE T AR RO OB AR AR, ELIN A
e " HEA RN, T8 x J7 ] [RlRE S I B — 1, R 20 TARRE 2 e T 005 DL IEIZ 5 VR s I, O 22
FANLAR T | ARZRP RS A5 LUK 1207 140 e 21 = ZE A FUI 38 25 B O SR ) T 0L
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Fig. 8 Profiles of wave heights varying with time
604 (a) 60 (b)
- :f .,‘-
g 20 20 N .'-I L4 ‘.a
e 3
N
=) 1 v, -.. .I’a
=20 = / £ £
A S04 £ s /7
s & S ; b4
3000 - - ] v
2 oomfi#_ﬁf——‘ 60 +—T—T— 1T 1T T
1),/]) 0 1000 -1 000 -3 000 1500 500 =500 -1500 -2500
z/mm z/mm

9 FAH AR I E: () ASHLUGEE (b) B 9(a) AR

Fig. 9 Reconstructed wave contours: (a) irregular waves; (b) the side-view of fig. 9(a)
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