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Abstract: The complex wave structures generated by a ship significantly influence the wave-
making resistance, which is a critical factor in optimizing vessel performance and hull design.
Traditional measurement methods, such as wave height gauges, are limited by sparse
measurement points, low spatial resolution, and potential interference with the wave surface,
making them unsuitable for full-field wave surface measurements in complex wave systems. To
address these limitations, a non-contact measurement method for ship wave surfaces based on
multi-view stereoscopic vision is presented. The proposed scheme includes: applying neural
networks for spatial calibration and the three-dimensional reconstruction of feature points, using
an ant colony optimization particle tracking algorithm for perspective matching, and conducting
principal component analysis for still water baseline correction. Experimental results demonstrate
that the proposed method can realize the wide-area free-surface measurement of the ship wave

and effectively capture typical wave characteristics at various ship speeds. Compared to
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traditional measurement, the stereoscopic vision approach offers enhanced flexibility and

suitability for real-time measurement of dynamic wave fields over large areas.

Keywords: ship-induced wave; non-contact measurement; multi-view stereo vision; 3D point

cloud reconstruction; ant colony optimization particle tracking algorithm

0 3l

P AR 7E 7K R RUAT B 77 AR AR U BEL 0 3L R BEL
(1 B LA RS 4, T HE R A A A B AT MERE 5 e
FEA, N ROUP A DL R T, I8 R B AEHE R K
rH I AR AE A BT IE R B % BB%, INTTT S E 2
TRV Ak 3k 25 1) 22 25 A 4 08 W 450 0L

R 10 A AT O I T v A AR e ik =R A
SV A%, XKW A B . P B R ) AR AR A
75 R BCBE B T AR, B TR R
SR R 1 e, BRSO B AR B, HLOG R A A ]
SRR TCAS By Hoxk, B2 5 2R E WA
B EMER RN, WERER K b, ]
ASC R A ik R 13 2 5K 9 T W 0K = A T 4, 3 i P A1
) AR R A T R K e ) A, B Ak 2R U
SRR RIS AR, B TR AT 0 = Y 2R T
Ho, B 6 4 7 A A WOk E IR S, H
5% fil 3007 R 8L, 3k 288 4 fid i Al AN B S
IR S BRI B, A IE) A e AR AR A B, A DL 4 T
il 3R T K L B AR PR . Ak, 2 2 AN A A
Bl TR, BERRENFEREETRSZIHZ
PEAR ISP, 5 B0 HB I AECHE Bk B AR
ZERE K, AT 30— 215 52 v 8 e ) % 5

AR, B THEH R AR PUE K J&, £ H
ST AR AR B AR R T S T O R 0 A e %
HARE IS 2 G T BHA [F R A 5] 25 10 10 M4 B0
BEUAT B IR, R WA BB U0, &R 32
HUFOAW A (R VTG, 256 28 (B b 5 = 48 30 /002,
SO EFEMTHABERON =4 8. SRR
AL, 2 B LR BR B R A il e 1
firke = B A R 00 B, AT DA R R B ) TR
FEL D7 AR R Re s A B [F D i B B AR T
F, SEPURT AT I R T B S, TR RME
G AR Bz fih 75 VR AE A i 5 23 (8] o MR AN AR

De Vries 250 B B 00 H S7AK KL 3 H A, 43 51 78
S0 5 PR AR BB rh o6 A SR T AR (49 50 m®) Al
KA (103~104 m® IR R AT 7MW E . W
T4 TR W, ZBER MW =R E 5 A% G0 D)4k K s

T

SRR EOHE A 2 o SR, 12 B AR R Y 5 4 TR
5 R AIE B2 B J7 v %60 7K TH S0 38 Al B 2% 1 B R B .
Gomit %5 " U SR FH 7 380 2 B 1) K I R TH 4R S
g6, R T —MAT B BRI E L% E I
FLREFH T R 28 4 5 7K A, R ) 3R BT A )
HHEmME. REZHTEARBL TE ST
o, RO AU A0 2 BRI R] 43 9 2R DA
S v 7 ) B 2 8] 4y

SR, BARZ H AR BOR O Tl A
BT R, B AR ORI, A2 AT I = A
S 1 LR AT A TR AP I B 3K 3 R TR AT B &=
T I PR R Bk = 1 0, KA IO PR S R S S R M A
RNE G R HTEABHUAE X AL E L AR DL KOG IR
SAFAEAEZE T, A EAL AR T I T AR 7T BE AL
K ZEH, 8K T R AE B2 HORT UG I A0 A FE . IX S8 (R R
P LE AN R P2 B b R0 1 38 T 11 = 4 R R
I, B 2 H LA S BAR N T R R, T
FHRFAE 42 B 55 5744 DU TC 5509 1) & s 1 FOORS B2, {7 2
AR AN A A ) ] R

EExr B, AR T —MET 2 H ALK
FLoE B A AT 0 B R R TR . 0 R AL
1) 38 I3 WO 25 B AT S 6 5 o A 1A M AT 3 B R i
PO SR, DA 28 06 48, Dy 32 A DL AT = 4
AR B AR A DM 2 H = B ML RS
KA 2 A OGS R, IR B A B v 2
2SI 2 B A bR, DA i R AT T 0 v 1 R
VI EOHS FEE 5 3D N FH MSCRE R - PR I DL I B S T 2
WA R S R Ra @ TS, AT 3R T 0 & 1 3 18] 4) 9%
Ky )T F 4 7 ¥ (Principal Component Analy-
sis, PCA) 56 i i /K vk A2 1E, FF R AL 37 DF 4 52
AR, e 23R ORISR 47 0 B 3R T = 4

1 MEFHZE

% H LA 58 BOR (A% o AE Tl 2 DAL
A FARL A F B AR R — 3 5, JEA I BHE B 5 i
HOE HEEE R =GR . ZBAREEM
HLAE AL BR A8 « EIGRFAIE 2 B, U A DG TG R = 245 =60 4 55



1

BRI AE: JET 2 B LALLM AT U b SR R T VA A 3

DA RHP IR AR SR W AT B el 3R T O Ry
ARG AR W 1 BTN o A SOAR SR B SV ST
FEA A B B A ) il B, 140 P4 25 22 I SCHR (18],
BEAR AL 45 Hh S R HE 2R AN AR

BRI
% H g

!

i 2 H g
BT 2 ) 26 BRI . ; .
ety I H B THTRFAIE 25 R
BTN O T BRER DL R SIA
AR )R A VG A

S R |

HACKRZE Y
=N EQ

‘%%HM%&%%@E&E‘
I

v
ReiE J5 1= 4 5 2 A4 O |

G

B 1 EFZEIFEREMRTEEARAUERER
Fig. 1 Flowchart of multi-view stereo vision-based free surface
measurement of ship waves
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Fig. 2 Schematic diagram of the free-surface measurement device for ship wave based on multi-view stereo vision
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Fig. 6 Wave height plot of the typical profile (y/Lpp = 0.14) measured
by multi-view stereo vision at Fr = 0.26
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typical longitudinal profiles

5 U /mm

AR / %l fmm (R
AR R

0.1542 31.3346 32.0927 -0.7581 —2.36%
0.1746 29.9485 30.0352 —0.0868 -0.29%
0.1950 27.2810 26.4610 0.8200 3.10%
0.2154 22.9153 22.7963 0.1190 0.52%
0.2357 22.8723 23.1950 -0.3227 -1.39%
0.2561 21.7088 21.3755 0.3334 1.56%
0.2765 24.0573 23.2235 0.8338 3.59%
0.2969 24.4174 23.5968 0.8205 3.48%
0.3173 20.5299 20.7792 -0.2493 -1.20%

B OGH I T B % (R 016 5 2R R AR SR O 25 15
PE 7 58 06 2 T AF ) KT B30 0O mURE, LB 9 =
YT N BRI AR IEAR D . RS B, A2
W 2% HE SR 2 H RS 2 [ br g, T T REH)
A4 e 1 5 SR ISR AL 1 BRI UL I 5095 58 I 22 4L A
PR 5 AIE 2 B2 R UL s R 32 20 23 BT 320 o
0 BEAT K E T AL IR, fe 208 3 WL HF 1 S B K
MR I ] P LA o

FE R Tt B K A ) SEA0 R W, 1% % H ALSE &
SLREE AT R AV L A SR PR D, R A e
BT SRR B AR AL . B 5 R 5 AR SR A A
HEw & R, Bt BIAE T %2 B R0
FEVE SRS

S22 Hk
(1] skjRse. MRANERK SISO SR g BT (D). g RilgssiEk
%% 2016.

ZHANG C L. Calculation and analysis of the steady wave
drag and free surface waves induced by ships[D]. Shanghai:
Shanghai Jiao Tong University, 2016.

(2] RMEX, R4, BEF, 5. Kelvin WRARMAT I KX HAERIH S
S L RIRIFT ] /KB A1 AL S kR (A $), 2018, 33(1): 1-8.
SONG Y L, ZHU R C, MIAO G P, et al. Applications of
Kelvin source in ship wave problems and calculations of
total resistance[J]. Chinese Journal of Hydrodynamics, 2018,
33(1): 1-8.
doi: 10.16076/j.cnki.cjhd.2018.01.001

(3] J33&, BUMs. BT 2O IR M AL BT[], AR ER, 2023,
45(3): 39-42.
WAN S, HE W. Research on ship form design based on
wave making theory[J]. Ship Science and Technology, 2023,
45(3): 39-42.
doi: 10.3404/j.issn.1672-7649.2023.03.007

(4] ¥, JY, R, % A E B2k 45 H M G 2R I )RR X T

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

SEEGFAT[T]. WA T 25 S 5 R, 2004, 18(1): 24-28.

TIAN Y K, XIA X, WU B S, et al. Comparison of surface
pressure characteristics of bulbous bows in different profiles
through wind tunnel tests[J]. Journal of Experiments in
Fluid Mechanics, 2004, 18(1): 24-28.

doi: 10.3969/j.issn.1672-9897.2004.01.006

DEGIULI N, MARTIC I, FARKAS A, et al. Experimental
assessment of the hydrodynamic characteristics of a bulk
carrier in off-design conditions[J]. Ocean Engineering, 2023,
280: 114936.

doi: 10.1016/j.oceaneng.2023.114936

DRENNAN W M, DONELAN M A, MADSEN N, et al.
Directional wave spectra from a swath ship at sea[J]. Journal
of Atmospheric and Oceanic Technology, 1994, 11(4): 1109-
1116.

doi: 10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2

NA B, SON S. Void fraction estimation using a simple
combined wave gauge system under breaking waves[J]. Ocean
Engineering, 2021, 241: 110059.

doi: 10.1016/j.oceaneng.2021.110059

WANEK J M, WU C H. Automated trinocular stereo
imaging system for three-dimensional surface wave measure-
ments[J]. Ocean Engineering, 2006, 33(5-6): 723-747.

doi: 10.1016/j.oceaneng.2005.05.006
CIFUENTES-LORENZEN A, EDSON J B, ZAPPA C J, et
al. A multisensor comparison of ocean wave frequency spectra
from a research vessel during the Southern Ocean gas exchange
experiment[J]. Journal of Atmospheric and Oceanic Tech-
nology, 2013, 30(12): 2907-2925.

doi: 10.1175/jtech-d-12-00181.1

BLENKINSOPP C E, TURNER I L, ALLIS M J, et al.
Application of LIDAR technology for measurement of time-
varying free-surface profiles in a laboratory wave flume[J].
Coastal Engineering, 2012, 68: 1-5.

doi: 10.1016/j.coastaleng.2012.04.006

VKT BT 0 E AL R T BT AL [D]. W RIER: W R TR
22023,

WANG Y H. Research on wave surface measurement based
on binocular vision[D]. Harbin: Harbin Engineering Univer-
sity, 2023.

TR, BRI T, 25 B HOKIBBE ZE 5K PIV BOR 0T 55 R
[J]. WAk 727 S5 5 &, 2003, 17(2): 93-97.

ZHANG J, ZHAO F, HONG F W, et al. Towing PIV
technique and its application in a tank[J]. Experiments and
Measurements in Fluid Mechanics, 2003, 17(2): 93-97.

doi: 10.3969/j.issn.1672-9897.2003.02.019

FHRNE | S7 AR DU E B AAE B IR S e (0 B2 A £ (D). R /KR
IR TREK S, 2016.

YIN F M. Research on the application of stereo matching
technology in the photogrammetry of wave images[D].
Harbin: Harbin Engineering University, 2016.
BERGAMASCO F, TORSELLO A, SCLAVO M, et al
WASS: an open-source pipeline for 3D stereo reconstruction
of ocean waves[J]. Computers & Geosciences, 2017, 107: 28-
36.

doi: 10.1016/j.cageo.2017.07.001

DE VRIES S, HILL D F, DE SCHIPPER M A, et al

Remote sensing of surf zone waves using stereo imaging[J].


https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.16076/j.cnki.cjhd.2018.01.001
https://doi.org/10.3404/j.issn.1672-7649.2023.03.007
https://doi.org/10.3404/j.issn.1672-7649.2023.03.007
https://doi.org/10.3404/j.issn.1672-7649.2023.03.007
https://doi.org/10.3404/j.issn.1672-7649.2023.03.007
https://doi.org/10.3404/j.issn.1672-7649.2023.03.007
https://doi.org/10.3404/j.issn.1672-7649.2023.03.007
https://doi.org/10.3404/j.issn.1672-7649.2023.03.007
https://doi.org/10.3404/j.issn.1672-7649.2023.03.007
https://doi.org/10.3404/j.issn.1672-7649.2023.03.007
https://doi.org/10.3404/j.issn.1672-7649.2023.03.007
https://doi.org/10.3404/j.issn.1672-7649.2023.03.007
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.3969/j.issn.1672-9897.2004.01.006
https://doi.org/10.1016/j.oceaneng.2023.114936
https://doi.org/10.1016/j.oceaneng.2023.114936
https://doi.org/10.1016/j.oceaneng.2023.114936
https://doi.org/10.1016/j.oceaneng.2023.114936
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1175/1520-0426(1994)011<1109:dwsfas>2.0.co;2
https://doi.org/10.1016/j.oceaneng.2021.110059
https://doi.org/10.1016/j.oceaneng.2021.110059
https://doi.org/10.1016/j.oceaneng.2021.110059
https://doi.org/10.1016/j.oceaneng.2005.05.006
https://doi.org/10.1016/j.oceaneng.2005.05.006
https://doi.org/10.1016/j.oceaneng.2005.05.006
https://doi.org/10.1016/j.oceaneng.2005.05.006
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1175/jtech-d-12-00181.1
https://doi.org/10.1016/j.coastaleng.2012.04.006
https://doi.org/10.1016/j.coastaleng.2012.04.006
https://doi.org/10.1016/j.coastaleng.2012.04.006
https://doi.org/10.1016/j.coastaleng.2012.04.006
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.3969/j.issn.1672-9897.2003.02.019
https://doi.org/10.1016/j.cageo.2017.07.001
https://doi.org/10.1016/j.cageo.2017.07.001
https://doi.org/10.1016/j.cageo.2017.07.001
https://doi.org/10.1016/j.cageo.2017.07.001
https://doi.org/10.1016/j.cageo.2017.07.001
https://doi.org/10.1016/j.cageo.2017.07.001

1

BRI AE: JET 2 B LALLM AT U b SR R T VA A 9

[16]

[17]

[18]

[19]

[20]

[21]

Coastal Engineering, 2011, 58(3): 239-250.

doi: 10.1016/j.coastaleng.2010.10.004

GOMIT G, CHATELLIER L, CALLUAUD D, et al. Free
surface measurement by stereo-refraction[J]. Experiments in
Fluids, 2013, 54(6): 1540.

doi: 10.1007/s00348-013-1540-4

LR, 357, FEEE . Tole T M) = K SL AR SR i IR &8 77 7%
L[] PR, 2012, 61(11): 533-540.

JIANG W Z, YUAN Y L, WANG Y X. Study on stereo
photography for ocean wave measurements in no sea control
points[J]. Acta Physica Sinica, 2012, 61(11): 533-540.

doi: 10.7498 /aps.61.119101

HAN Y K, PAN C, CHENG Z P, et al. A PTV-based
feature-point matching algorithm for binocular stereo
photogrammetry[J]. Measurement Science and Technology,
2023, 34(12): 125602.

doi: 10.1088/1361-6501 /acf875

ITO M, ISHII A. Three-view stereo analysis[J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
1986, PAMI-8(4): 524-532.

doi: 10.1109/TPAMI.1986.4767817

ST, W S TR AR AR PTV 2 ()b E R [T, s
224R, 2021, 42(4): 524720.

DOU J Y, PAN C. Spatial calibration model of stereo PIV
based on neural network[J]. Acta Aeronautica et Astron-
autica Sinica, 2021, 42(4): 524720.

doi: 10.7527/S1000-6893.2020.24720

BRI, W, S0, 45 BT 2 H LR A2 N 2% bR E
R TEAEITIERTFL[J]. SRR S35, 2021, 35(6): 44-51.

[22]

[23]

[24]

HAN Y K, PAN C, WANG W T, et al. Research on surface
measurement method based on multi-view stereo vision and
neural network calibration[J]. Journal of Experiments in
Fluid Mechanics, 2021, 35(6): 44-51.

doi: 10.11729 /sylt1x20210048

NIE M Y, PAN C, WANG J J, et al. A hybrid 3D particle
matching algorithm based on ant colony optimization[J].
Experiments in Fluids, 2021, 62(4): 1-17.

doi: 10.1007/s00348-021-03160-4

BELLEKENS B, SPRUYT V, BERKVENS R, et al. A ben-
chmark survey of rigid 3D point cloud registration algorithms
[J]. International Journal on Advances in Intelligent Sys-
tems, 2015, 8(1-2): 118-127.

doi: 10.1016/j.robot.2021.103734

KIM W J, VAN S H, KIM D H. Measurement of flows
around modern commercial ship models[J]. Experiments in
Fluids, 2001, 31(5): 567-578.

doi: 10.1007 /003480100332

1EZ BN
S (1998, &, WAL A FREN, LR
o BER TR H BRI ERA .

E-mail: hanyukun@buaa.edu.cn

(i’ &%)


https://doi.org/10.1016/j.coastaleng.2010.10.004
https://doi.org/10.1016/j.coastaleng.2010.10.004
https://doi.org/10.1016/j.coastaleng.2010.10.004
https://doi.org/10.1016/j.coastaleng.2010.10.004
https://doi.org/10.1007/s00348-013-1540-4
https://doi.org/10.1007/s00348-013-1540-4
https://doi.org/10.1007/s00348-013-1540-4
https://doi.org/10.1007/s00348-013-1540-4
https://doi.org/10.1007/s00348-013-1540-4
https://doi.org/10.1007/s00348-013-1540-4
https://doi.org/10.1007/s00348-013-1540-4
https://doi.org/10.1007/s00348-013-1540-4
https://doi.org/10.1007/s00348-013-1540-4
https://doi.org/10.1007/s00348-013-1540-4
https://doi.org/10.1007/s00348-013-1540-4
https://doi.org/10.7498/aps.61.119101
https://doi.org/10.7498/aps.61.119101
https://doi.org/10.7498/aps.61.119101
https://doi.org/10.7498/aps.61.119101
https://doi.org/10.7498/aps.61.119101
https://doi.org/10.7498/aps.61.119101
https://doi.org/10.7498/aps.61.119101
https://doi.org/10.1088/1361-6501/acf875
https://doi.org/10.1088/1361-6501/acf875
https://doi.org/10.1088/1361-6501/acf875
https://doi.org/10.1088/1361-6501/acf875
https://doi.org/10.1088/1361-6501/acf875
https://doi.org/10.1088/1361-6501/acf875
https://doi.org/10.1088/1361-6501/acf875
https://doi.org/10.1088/1361-6501/acf875
https://doi.org/10.1088/1361-6501/acf875
https://doi.org/10.1088/1361-6501/acf875
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.1109/TPAMI.1986.4767817
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.7527/S1000-6893.2020.24720
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.11729/syltlx20210048
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1007/s00348-021-03160-4
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1016/j.robot.2021.103734
https://doi.org/10.1007/s003480100332
https://doi.org/10.1007/s003480100332
https://doi.org/10.1007/s003480100332
https://doi.org/10.1007/s003480100332
https://doi.org/10.1007/s003480100332
mailto:hanyukun@buaa.edu.cn

	0 引　言
	1 测量方法
	1.1 多目测量系统
	1.2 神经网络空间标定
	1.3 基于PTV的视角间匹配
	1.4 空间重构与基准面校正

	2 实验结果与分析
	2.1 船体模型与多目视觉系统
	2.2 数据处理与结果分析
	2.3 测量结果对比验证

	3 结　论
	参考文献

