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Ship Position and Pose Sensing with LiDAR
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Abstract: Objectives: To achieve accurate shore-based measurement of the ship’s position, speed, yaw an-
gle and other key motion parameters when a ship enters the ship chamber of the ship lift, a ship’s position
and pose sensing method with light detection and ranging was developed. Methods: To address the specific
challenges of point cloud occlusion and noise interference during the process of ships entering a ship lift, a
method is developed with the goal of improving the accuracy and efficiency of point cloud data processing.
This method utilizes the k—d tree and bounding box algorithms, along with an adaptive voxel grid length
calculation method. A feature—based ship position sensing method and an adaptive pose perception method are
incorporated , enabling point cloud preprocessing as well as ship position and pose sensing. The system’s accu-
racy is validated using data from the Three Gorges 5 ship, and the impact of key parameters is analyzed.
Furthermore, the system’s accuracy is also verified using data from Lanjian 208 and Huajia 8 ships. Re-
sults: The results show that when the voxel filter constant is 1 000, the neighborhood is 10, and the search
angle step is 0.25", the ship position and pose sensing method has good robustness and smoothness while
ensuring the operation efficiency and accuracy of the system. The average deviation of the longitudinal posi-
tion of the ship is 0.810 m, the average deviation of the speed is 0.030 m/s, and the average deviation of the
yaw angle is 0.27°.Conclusions: The proposed position and pose sensing method can meet the requirements
of engineering practice, and provide technical support for the development of the navigation decision-making

system for ships entering and exiting the ship lift.

BE2UH MR ARPERE4E(52001243) ; 5038 12 Aﬁl@»ﬁﬁﬁ H (SXHXGZ-2021-3).
FE—EE  INOF A, K I A R A AR ER LSS D T A FSE . lanjiafen@whut.edu.cn
BARIEE R, WL, A g LA, zhcngmao@whut.cdu.cn



5550 &5 4 4

ZEINTFAE T O B AT AR 6 A 783

Key words: Three Gorges ship lift; LIDAR; point cloud filtering; position sensing; pose sensing

246 LAY AP DR B ] X 5 P = ke T AL 3
RHOCR BT BT o WA AT BERE ST i A
& 22 fe ik 113 m, QR 1 TR, 2 3 5 A AE O
B,  FONT A PE R S R A
I Bt 25 32 i A A A DR R AL, TR AL A R AN g
A Ik 1A A, AR e DR 0 A A 1 i
N, 8 Ao 2 4 RS 1 o JE DRI 5075 G
TR 55 A T A, LA DR AR R R 22 4

E1 HLEFZ R
Fig.1 Restricted Vision

25 30 5L BRAE AR E AT AL R, 2
222 30 A WA S AR 07 0B A R, SR RS R
SR =1 N 1 S Sl A= 0 Uy el
R SRR AR 7 8 (7 8 U0 2225, T S i A
S It i R LA T Bl R 55, 51 S A AR AE THIE P S
i I 45 52 BR K 3802 2 iAo

TE A 0 AL B 5 B REOR af JER J Ti, SCRR (2]
SR T 38 00 AL, 7 5 Wi 300 =5 i T/ 200 m ¥
PN E T A AR (EL (s B . SCHIRL 3 )
SR JH 2 P 98 0 46 S 7 R 6 = U S I ) A A4 £
B RIS T S AT S IR 0 A Y S R B R
TELA AR 67 B0 e sh R LR 2% 0 SCHk[4 158 T
WO A B, SR I Bl 20008 T A EE IR
I S R AR X T S B | R AR S R, R D S
IR Bk o AR IR AL A B2 BRK B, i T
BT L S R, 22 43 b 2/ GPS JE i 1% 22 JE
AR KR G, M DL A AORS B E 7 E
oK A T I R R R R, A A R
TR BLHE I RE T = 4 EOL TR s Re iR A R
e 5 o3 B A S 4 i 5 R Ak PR T
AT B AR 2, Bz M TR S PLE
PN i3 e R

TE 1, 25 WAL 5 T, 380 T 8 70 R 4R =4 0T
5 B I 2 32 4% 6 TR B B R T ) A R T R
B WA = 4 R HOR GUE BIFFE BA TE
SR E AR I T Z AR R e g ok
2R B WU U A o AR T R IR
GE it ug IS AR UE B 1) 52 2% BT AR, R A

o SCHKL 15 )R 21 12 08 U A 4 1 0k 4R ik &
BR7K B 2 B R RO M T, S5 OR R T, R AR UE I
AE DR BA 46 T o3 B AR A, O 25 B 30 S B O
RO GETT R T 2 BR AN B AR I AR I IRAR R
P SR U8 e AR Y BT

TEAL 2 5 T, B B0 B 38 6 22
T3 1 A2 B AL AR R B 2 ) T v FE Ly 0 B (princi-
pal component analysis, PCA ) J5 32117 #5541 T fig
TRV A R AR TR B 2 ) AL
IO 5 1 2 B aok A R 8 0 4% e R AL
LR H R GEAE . PCA Jy ki ot it
S R O 22 P RR A 1) R R E AN LA AT B
R ABXS A o B PSR i . BOAU DL C s o H
T 55 A5 A I 1) BRI DG TBC 2R 15 M AR 222 (B0 T
AN S . P ek F e E#E T
Fil H b5 23 = O 0 8 1 AR /b R B R
JE de KA L BN T 15 28 B /M S SRR Y AR 4
FEIE AR T T AR R X ) BB Y X, 25 A
BRI o SCHK [ 22123 51 R R 2 BE I DT 5
PCA J7 1L BH AR 235, 5 FL 45 3R W i = Bl o
Ti KT EE T PCA 7k B = B HE Ty B /5 g T
FE A0 5 2 AR P, FLRE I, T0 R S A
SCHR [ 23-24 ] 5R FI 3R 28 vt 408 3800 91l 2 o 3y
25 AR ARl Y TE 5 1w ) g S YRR R F 3.47 s/
SCHRL 25 ]k I BE AL 4 AE — B0k 46 3 5P, 3%
WP T v ) DU AL SRR H AR A =
SEREI KRR R R ERR

P T AU AR A R Ok AR b A A A TR R Y
WP, A 7R XA B i M s e R R
BN AT B LA OGRS . A CE S
SR T AL AR AL AR T R s AL B A
A5 A L JROAT DA SRR TR AR Y A 0 L R
TAE T, ST MR IO T A = ek T
B S B 3 S5 D 3 30 91 1 T 4 A A0 A7 38 SRRy 1%
(A PE S R R

1 RZHEAETE

1.1 S=WAETE

Sz B TAL B O R AL R s AR AR A
mUEPE SR

D s e bnfedie . B HOLH IR LIRR lal =
(x,y, ) BN AR R {nl =(X,Y,2) . &
GO R G5y B R 5% .y Ko = Bl O BERE f BE, e



784 WK 2R (5 B R 2 )

2025 -4 H

FE A R, 4 R, IR, 5 A

1 0 0
R.,= 0 cos¢ —sing (1)
|0 sing  cos¢
[ cosd 0 sind
R,,=| 0 1 o} (2)
| —smnéd O cosd
[cos¢ —sing 0
R.,=|sing cos¢ O (3)
0 0 1

B o R HOE I AR bR R AR BR O (a0,
yo»zo) »mu/ﬂéﬁﬂ%ﬁﬂéiﬁ%ﬁ:ﬁgﬁbi()(m Y()sZ(>)m%%
VSE

X() a Lo
Y, |=| b +R‘,,¢R‘y,oR;‘¢/ Yo (4)
Z, c 20

KA a b a3 R OG FR E TG SULE I R AR AR
AIX.Y 25 A A ER

2) M UEPE o Az IR AL MR A B
TUAR s B BRI i B 3D R

TS AR A 2 B TR Y O v ok PR A
RAEX Y Z 5 ) 3 R, 25 A T A SR A
T 5 M B S 5 RN T 20 B9 05 2, LA 25 B K T I
SUAEME AT, DR B K DA b HAE K B0E F
() 53 2, DT PR 8 B O A = 9

TR M B LR EE R MR R BN .
I A S R E XY S, 25 BRI A 2 1A
BT FE, B S = R R A
HOFRIRAR R N B I AT B, 78R RE 2L 2 FRAE A [R]
AoF 08 B T A% o5 2 B A K b vs D SR, B
BRI, B —Fh B R RS L

L=.p./a (5)

K, p, J il ad F3E 5 B IR IS B S8 e iR
EMRREH S, & L<<0.01,L BEEMO0.01, B
1EMHAS A & 0 =

M 0 2 B 32 R IR AR IR U S S T Uk Y
ARG FEN AR BLE B, S R H O 4
e W O3 AT R G O A AR A N 2
A28 90 1L P 48 3 R AN T R B E e, B R s o
RS I, SRR 22 HOAR X 43 1, I B 40 O A AR
B AE n, N, AR SR KT p £ o X kB
5, Ho g o S AT I 2 B R I 2%
ke, hy LU R HR

i I 5 BRI, TN AR B 2 1 2 P R
KO AT AR S =, L 2 B .

(a) HUGR = (b) TAL LS I MSAR S =
2 R UEPON
Fig. 2 Point Cloud Filtering Comparison

1.2 ARAAAGLE REN 7%

A IR PN K ORR BE A % A A RS SR T
MW 2, K 3FT, M0 e o #2 h2s 0
BORAE YN S ALS SRR R E s
B H RS W T e L g

K3 R
Fig.3 Shipborne Flue Gas

2 JECE AR HE K X8 AR T AN T b 2 T
BR300 0 A D i — S T AR A B A 7
BT I 4 s o H R AR AR &,
AR A5 28 s 5 VR R R AR B e, 3R IS R AIE S i
UL kA 05 2, o B S RR AR 0 R B (B HE Ty, B
R VR Sk A AR S AR A5 2R 0 N 1) B, DA AR I e o5
2 5 38 A 7% B2 N I 2 A A IR S PR RS 3l R
B, DN A5 0 2 5 I 38 3 R IR 2 0% I 0T At
AT uE o . AR R A R H k-d B 7 ik
HENL A S 2 BIE R 5 454, I3 R R AR AE AN
m B 0 kA S T L R B R L S
Bkl 26].

| S b |
v
BB B (A 1 25 UL R L
A 5 5 2 O e B
v

TS S A 1 B 2 I () 22 R
PO P 9o

v
HUH AR BT R R 2 B RS
HBEAT i
4 F AR oL 7 i AR
Fig.4 Flowchart of Ship Position Sensing Method




5550 &5 4 4

ZINSFAE  FTHOLH 5

s HEAT AR 57 25 B A 785

1.3 MRRESBRMATE

A FOFL R R AT Ao A TP A A S [ R Y Y
55 AR AR EE A = e AR HL S B 5L s o A O 4
H— A R AR Ty ik LR AR AN ] 5 TR o
Horp by i E S L. HEE R
) DL T AR A /N Ak A B 5 S R 25 Bk
AR AE TR IR AR AN s S BRI A 00 e
L fA 0, R G, ] B TH S A0 AT AR BN, A
|0, — 0,|<<1°8E N<T 10, W4 4 0, V5 A i £, 75
W) 6, 5y Dt At £ o

PRLRS it oK A S T2 A 3 A S, AR SCBE TR
7 R B B AR BL B 46T, FE AL RANE .

1) DA— e 48 0 B2 0K 0 3l I i A 7 In]

2)TE R R EACH B — A48 i 07 T
T S B I

3) 1T Y AR AE R R R T AR B/ INE T
1) B bR R B, TR T SRR DU S R e
HET XL S n s PRIQESR It

/Mb 2(1‘, cos  + y,;sin @ — c‘l)z + Z( — x,8in 8 + y;cosd — (‘2)

P.0.cc; igp

B L P 05 1R 22, AR D B P O R 22 /i
JIER Hbr e . B

e
¥
HBL A o 7 AL
A | e 9 M,
B IME bR *
m$§;ﬁ FRHLH o, (3, XY
HETAHE xmﬁﬂz Fyv——
' e R R
LSRR | MU A 1
TR )R AIE A
TRATLA, ¥
ine, || s E R E
FAE AT A, 190,

Htho,1EH
(AL (i

0,0,/ <1°HN<10

| ko, fE g fh

B5  2 2  7 1  7
Fig. 5 Flowchart of Ship Pose Sensing Method

2

WEPUQ={1,2,-,n},c;, , ER,0°<< <90’

Horp HE B HE B P 4% 1 26 2 3k 50 51 o & cos 0 +
ysinfd=c, Ml —xsind+ ycosd=c,.

4) FEACHTA Jr 1), ARAT AN 19 I T FR A
T2, SR /N B AR IR AR ECE R 25 1
] 1 Ry st A0 £ L I AR I 1207 1] S5 REE

AN S HEE G I EBHES E W
S 3T B A Sy A O 0 R T RS

2 MRARERSRE S S

7K 3% FH Horn-X2 Pro 0% & ik, HifE 10%
J 5 RN AT w300 m, KSE L M ol
90°, I EL W &4 f1 R 307, FA 43 BEARIK 0.05°, PL A BE
SRS KA T, =T ML A & K 6
Fi7s o

M7 7T L R T i 2 i 0GR A
A SRAE I 2 AR /K 8, 300 m 3 BB P A S 96
o I FR WA OGRS WA B R G AT
SIEH IR B AR R A 4 K
21 XBSEEMON

DS n B S, A SCR YR LT Micro-
soft Windows 10 %& 4t (1.80 GHz Intel Core i7
CPU, 8 GB RAM) C++HE 4L JF & 1 , & 5 F IF:
ittt b THEFRE RS S =M iie, R
T QU5 GUTFE JF R vik JBE 45, I 58 28 5. 3%

€eQ (6)
ittyiiE)
37.15
130 m 120 m mI%ﬁfT.ﬁ%
kI i
RS T 18m| o R
R E

K6 =W TR LA E 1
Fig. 6 Three Gorges Ship Lift Layout

(R0
BI7 300 m AR A5 2 R 4
Fig. 7 Ship Point Cloud Collection at 300 m

HLETHS S8R,

BE & WS EEIR , S s R L UK =
U 555 (18 8) SRy ], A 22 4 o K R B8 A7 )
] (f 5 2= A bR B e L = B D B S B A
RN AR B 52 R

TR DUF B A 3 O R, 8
Jai A,z R R R G i A B ) B . B AR T
T A B RE IS R R, T A s AR bR



756 RO K R R D

2025 -4 H

(a) =kt

(b) U =
Bl 8 =k 55 R
Fig. 8 Raw Data of Three Gorges 5 Ship

Wt 55 (0 B ORI BE AR AN AE o BT 9 R AT LA
R BRI RGE AT ] EE 2 WA
Al B Je 45 FE I R {ELE R R RO O B
RTFERT By E RN R MBS
JEHAE A DR R W BT FER R D o BRI, &
G147 R X 4 2 TR R A A B 5 BBURK, X
SIS VACR S IR N

F1 FEREHX RZIESITHE RS0
Table 1 Effect of the Voxel Constant on System Running Time

R [ Mx‘%?[%iﬁzmﬁ HRAbRE R R RE LA (AT %ﬁéﬁ

R/ A FERT /s FET /s FERT /s FERT /s FF ] /s

300 570 0.303 0.005 0.060 0.024 0.397

500 1018 0.306 0.017 0.103 0.022 0.473

1000 50 158 2 240 0.307 0.020 0.209 0.021 0.583

1500 3734 0.304 0.026 0.370 0.021 0.745

2 000 5485 0.305 0.027 0.496 0.022 0.877

2500 6453 0.306 0.031 0.577 0.023 0.962
12 BICLS m, SR IR S, 2, RS,

—a— AR
1.OF—e— S Eu

—A— RIS IR
0.8 =¥ £ B AN
" —— RGBT
Z06f
w®
0.4f
—- TO— =

—v———": - - - -
0 500 1000 1500 2000 2500
TR

GRS g GIEAT
Fig.9 Effects of the Voxel Constant

i 3 P10 H AN TR 2R RO DR R A A IR
Rz UG AT LLEDUL M UL 5 B B A R R RO 1
KOUEP R M S BBE W 2, 6o n s NP
B RGBT RS K s RRAE, 18 UK R W HCh
1000,

a=300 | SEE S a=500
< § 1000 | € § N a=1500
Q‘ L a=2 000 q K a=2 500

10 RREWSEH A
Fig. 10 Point Cloud After the Voxel Filtering

855 bR i B 2 2 B0 TE R Rk
PR JE B R BCH /N T 20 SR AR U 0, DR U F

T 1 25 A5 HOH 2, I AR s B L 50, &8 11 A 12
43 90 R R FH 2 A2 D8 U R0 G0 T8 I R AS [ A7
S = FRACR . B L] LR B AR R
P AT BB AN S 2 AR B TR 2 B A ST M A
12 o] LU e T8 i nT LR 25 bR Aol %
A2 W 251 [ B R P AN 0 28 R 4 R A

B ARz
1‘?"[]2&&"1““""' . I8 55 -0 (<€
(a) JRfi iz
B A8 il s
Fig. 11 Radius Filtering Effect

(b) TEBE G

(b) MBS R =
K12 Goit ki sor
Fig. 12 Statistical Filtering Effect

(a) R mi s

2) AN B IR S8 B AT R s AL
EL R R o %ok AP B 1Y) 1 B RS RORS B A
R o SRR B A E T BE S BOWE I B A 58
ANy e e SRR 2 W T s g

W B 13 R, Al ol BoE R R IR, A Ry
P AR5 A 4 2 ) A 1) R L i AR R A K, A
[Fi) B 220 (%) B 8 3 3R s 3 o, it ota TP R
LB RNy 1A S B, th 2R AR H AL, L P EA
B3R & 10 F0 15 B, iy £ s 3% 30 A 9 A AL



5550 &5 4 4

ZINSFAE  FTHOLH 5

s HEAT AR 57 25 B A 787

Mo FEYN A HE S A 250~300 m B, RS A 2 A B
W] I 7 S DRI 8 S LA 1], S S0 1) S U8 B A
Ko YABEL A K 5,10 150, 54858 £k 1AH L, 9\
] BE 5 (%) ~F 3445 22 43 00 4 0.064 m ., 0.595 m 5
0.978 mo SR T, 34 &R 3 & B AT LA & 6
TR RO AR A TR, 2858
AR 5 A B BUAR SR £ 10,

350

k=l —— k=5 —— k=10 —— k=15
228

300

224 |

220

4615 4620 4625&630
\o
:
5

2218

B 300

100 |

280

12
46245 46255 4626.5

50 | 260

4480 4520 4560
1 L 1

0
4 400 4600 4 800 5000 5200
i a/s

13 &3 A 152 )
Fig. 13 Influence of Neighborhood %

MM ERB M S H . MEMELKOZE
DR E SRR REER, UKL=, 55
A F ST A R AR R ARG AR 2 A SR R
o, ARAEE 1425 R BoR  HE R ML KM
BN, AR 2 S R R B AR N i Bt T AR
FE o FLUROR UL B RE B AR N B IR 4y B R
49% .33% .23% . 18% . 16% . 11% . #kifi , B Al
WELAETR. S8FERARBITUAEELEE
SRS BE SR 0.25" 0 #8 R ff BE 26K, IF DL AN
R Ao vp 4 i SR 05 25 3 SR ) 4y R AR
JE T U /N (Area) | 831 31 452 38 4 52 K (Nearest) |
R O 7R 22 /N (Variance) \PCA DA 2 & ¢
D5 v R ST A HE (B 15) R L A T E S8 5 A e
FIR) £t %) 1% 22 45 SR AR 2 7

12
0.956
=08
% 0.490
5 04t 0330 .,
\.'\_Oﬂ.o.l% 0.156
0 0.1 0.2 0.3 04

HREAILLKNC)
B 14 RME L KIS
Fig. 14 Effects of Rotating Search Angle Step

———Area - Nearest Variance — - PCA AT

@R | e

i

© i3 7 (d) #5t4
r_‘__. =
s "‘."_'—,-__':. ...........

P15 AR AIn 2 A5 R 7 1k X HE
Fig. 15 Comparison of Ship Pose Sensing Methods

2 REnAmasiRE/()
Table 2 Absolute Errors of Yaw Angles/(°)

i ik Yl Y52 7% Y4
Area 0.15 0.05 0.04 8.82
Nearst 2.90 0.05 10.90 21.10
Variance 2.90 0.05 38.75 0.90
PCA 0.25 0.18 1.39 7.23
AT 0.15 0.05 0.04 0.10

15 MR 2 al & Y, = 8 58 B (g
52), FRITEHRBAS B BOR . B A B
P H AT B S = e X (andg s 1), A S
J5 ¥ Area 5 PCA J5 ¥ BB J-AF B4 2401 , Near-
est,Variance JyiERCR K 2 . b gl PE AR
B st T (g5t 3) , AR SO ik  Area J7 15 BB
% ARAF B AP, PCA LB R K Z , fH Near-
est, Variance 115 25 5 W] & O 25 52 PRAE o o5 = 9%
B H A ARy (403 5% 4) , Area Nearest 5
PCA J7 i W9 1B %R ¥ R AE |, Variance J5 A
— 2 WA B, T AR SC 7 BEAT AT A Ay o b R e %
Ao &L, AR B Area, Nearest , Variance
PCATIIERA RAF &1
2.2 XL

1) Fif M0 07 8 X5 B o Sy S TR A SO s Y 5
K BE DL = 0 T ML Y e U S A R 4, 5 B T
RIS (T 16) T 6 25 SR E AT XF L o I 4
K FH G M 2 Bt 25 4 R A% O oo i Sebw o a4l
FEORS 2 2 £0.20 m, JH0K BE O +0.03 m/s, # I
R IR 2 A RN A AR A AT I A Sl ) A
By, DT 2 5 A0 % 2 B B S . SR 34 AR
1% 7 (root mean square error, RMSE) 5 J7 /K i#h £
S A 5 & # (Pearson’s product-moment correla-
tion coefficient, PCC ) 2 2= , i+ 5 AR -



788

DR 22 4R (fF

2025 -4 H

K16 s
Fig.16 Speed Measuring Wheel

(7)

(a) W 208 S L

N

L Sl (= 1)(s=7)]
(2= [S)

Y, Ruse I3 7 MR 2% 5 Pec Ry B2 7R 3 FRURE AH G
FB s h R A SO B 5 R 0 A e 2 R s A
53 500 0 B IAE 5 N AR S B0
& 17~19 43 %)} W5 5 208 5 F 1k 5 8 5 ik
AT 1 T, B FEN [ B S S R A5 XS L . DU
18 A 19 i ] DL Y, 67 208 45 5 4E 55 8 5 4\
Tia] BE B 5 M0 3 0% T 4 SR 0 A ) e 2 AR 8
Tor I . B 85 I B U sh K T K # 208
5L E TR 8T R R THEHET 208 5,

(8)

(b) £ 5831

P17 0 A T
Fig. 17 Video Footage
100 - 0.6 :
— A EA R — A Sa R
g0k = = DA I 45 R = = A RS R
£ = o0af
P @
2 6o} £
E o]
N jz‘é‘ 02
40
20 L L 0 1 f
35800 35900 36 000 36 100 35800 35900 36 000 36 100
I 6/ i i/
(OENDHEY I (b) LT
B 18 T 2085 45 LX) b
Fig. 18 Result Comparison of Lanjian 208 Ship
80 0.5 —
~ s J. e
. 60 - - = DR AR : 7} T
£ = |
] » 03"
ég 40+ E’
E 202
= =
20F 01
0 1 1 0 1 1
54 475 54 575 54 675 54775 54475 54 575 54675 54775
IRF[A)/s i /s
(a) DI EE B XS L (b) AL EE
EI19 5 8 T4 R I

Fig. 19 Result Comparison of Huajia 8 Ship

BRI\ A, 75 W T B

3 AR ST B2 SR 0 e 0 2 2R A R
ZEGEE . AT AR SO vk 1 B S 45 2R
5 0 S e 0 A 5 SR 9 7 2 0 22 9 0.810 m, fifp B

X 254 0.030 m/s, Bl BE B AUE T A S
I 235 B 18 LA G OE A G B8 IR T AR SO
MR AE R . Hoh R 22 R E B AR
2 (WO M = Z W5 T8 il sl i 25)



5550 &5 4 4

ZEINZE AR A BOL T IR IEAT A 0 2 O

789

5 0 5% 2 A AN S A 8 25 532 Wi 0 3 6 ) I
Wi, i R R 22 ) o

®3 REFKIT

Table 3 Error Statistics
RMSE PCL‘,
i 1) B S /m I N1 BE S /m I%BI{
m-s m-s )
W #7208 5 0.859 0.029 0.999 0.897
58 0.760 0.031 0.999 0.958

2) MRS L o R FH WA AR A IE S5 I A 0 E
REL AL A 0 T, 28 % 3% Bl A9 8 B AR BB AR A 2 Y
P 0 00 £ o O B O S S O 0 R S S AR Ak
L 30 sy ] b5 22 11 55 208 5 518 5 8 5 Ay A
W BAA A HE I T I A 2 1) B R
1] B 25 5 i £, a0 1 20 AE 21 firos . AT, AR

SCTT X W T 208 5 5 ARG 845 T A AU T %
AHE , I BRAT I AL A 5 8 1) RS . B 208 5 A
] FE B9 55 0 00 A 0 AR AR R AR 85 X
JE R i 208 S MR BE (13.6 m) /N T4 5 85
(17.2 m) , H A A7 AT B8 Bl 3 [ 0 K 6 &7 208 %5
THE 0w AL AR 5 A5 8 DR A AR T 3 4538, P RMSE
9 0.08°, M4 5% 85 1154 L /A1 5 45 5 Dt AL £A AH
XA 15 5 K, L A AL A 10 B0 B R T A A
WA, P RMSE h 0.46°, NF 4 iR, H 3%
J PR 2 - W AT 208 5 MR R ARG, R 4 i 7R
o OB IS AT AR B E SR A AR
F ST E RO Y TR R ORI R R E A
JRES SOt F R R R B R 8 S I S s,
HEA RS, Bl B A0 9N ] BE B3 38 /) | SO
PGB IR — 0 WL AT 3 A 2 (Gn [E] 22 i
7N BB A ST 1k T A R0 ST A s A HE
ARIBCHERA 1 22

20
£ R~y
& 1
i _
=
&

100

o I B /m
£ P i i i ~
g [ et | = P s —— s
% of ' ‘ 10 Lé —— 1S A A
;=2 1 1 1 = = ;‘,_\4 2 o
& 20 40 60 80 100 PR LS
YA B /m
Bl 20 BT 208 %5 45 25 45 1 1 R AR AL &
Fig. 20 Pose Angle and Lateral Distance Change Diagram of Lanjian 208 Ship
20
£
a_w
E 10 . |
l% ' i , Gy l - g
O 100 20 30 40 50 60 70 80 90
3 LR Em
g 13 e C
@0 . = %—;—.ﬁ/ {0 €
£ 1 Tﬁr{ﬂﬁﬁ‘% 1 1 |'——/: ES
=15 15
= 10 20 30 40 50 60 70 80
YA PE B /m
[ 21 AR5 85 A A 5 et B A2 AL &)
Fig. 21 Pose Angle and Lateral Distance Change Diagram of Huajia 8 Ship
R4 wEMAHARIRE/C) 3 & iE
Table 4 Ry of the Yaw Angle/(°)
kS Ruyse - H 2 ARICEE B =W HLIE U AL ST = 4R
177 208 %5 0.08 0.7 G IR T R s TAL B A AA AT B AN R
58 0.46 STV IEAE S BT AT T B, £

ZEBE



790 ®WK ¥ ER G

ISR Y

2025 -4 H

Kl 22 AE5 85 RIG M = Al

Fig. 22 Raw Point Cloud Map of Huajia 8 Ship

1) AE 5 2= AL 38 )5 T, B R 3R R R 1Y
KL IRV 5 B s B R Ge i A7 B R B3 . 3 4
H A N R = A% K S BOR R IR T R RS TR
HGE RS gt A RO R R A A s
FRAE I 2 B M g

2) FE AL S R T, 408 A 3 T A
OB TR AR R PR RS A PR, AR
I 55 45 30 X L 3R BT, 90 ) BE B T 3 0w 2%
0.810 m, i 3# V- ¥4 2% 4 0.030 m/s, B3 3iE T A% 3¢
P& 0 7 DR T vk A R

3) TE M AN 8 25 8% 5 1, BB R A B
() 38 0, 9F AR 3 28 TR RN R B T e ) LB T AR
o EIR 4 PP SR S 2 g s R B AR SO
AR B AR 58 )7 vk B R 0 & v, Jf T
HEW K45 W 7 208 5 5 2 5% 85 AU Bk 1] HE B,
T A B NORG JE AZ 2 SRR R S ) D AU AR T 38
250 0.27° % M e I8 18 s 000 128 2 D0 e B T

2 £ x #

(1] O, s Ry 4 BT | ik DU AT AT T I i

W B R LT] MUY BE AR SR 2022, 44 (20) -
42-45.
XIE Baofeng, ZHANG Shukui, HU Shenping. Nu-
merical Calculation of Ship Sinking in Shallow Water
[J]. Ship Science and Technology, 2022, 44(20) :
42-45.

(2] %MG . — b Jh A AL A 4G 00 930 28 % &8 19 i 1
[7]. AZERI A, 2014(8): 90-92.

WU Peng. Design of Speed Detection Warning Sys-
tem for Shiplift[J]. Awtomation Application, 2014
(8): 90-92.

[3]  BREE. TR HLAT AR 2 4 A6 TN K iU R GE M WF 5
[D]. Kk Riifgf R+, 2016.

ZHANG Hui. Research on Ship Safety Detection
and Early Warning System of Three Gorges Ship Lift
[D]. Dalian: Dalian Maritime University, 2016.

(4] FIBEQ, XEEPE, 280, 45 . T ROt =4 my
A ARSIA Sh A MM AR [T]. WOt 5405, 2016, 46
(12): 1452-1458.

YAN Xiaofei, LIU Zexi, LI Ying, et al. Ship

[5]

[6]

[9]

[10]

[12]

Berthing Dynamic Monitoring Technology Based on
Laser 3D Vision [J]. Laser & Infrared, 2016, 46
(12): 1452-1458.

JEAER, tREW, &, &L T RIKER K
ToNAME E bR A AR [T]. Wa R TR % 4l
2012, 33(2): 129-135.

ZHUANG Jiayuan, XU Yuru, WAN Lei, et al.
Target Detection of an Unmanned Surface Vehicle
Based on a Radar Image[J]. Jowrnal of Harbin En-
gineering University, 2012, 33(2): 129-135.
FEAREE BRI H AR RN R A GE H AR
AR PO 535 [T ] MU R == H0R , 2020, 42(16) -
79-81.

ZHAN Huarui, JIANG Xiaorong. Image Recogni-
tion Algorithm of Unmanned Aerial Vehicle Video
Under Complex Background [J]. Ship Science and
Technology, 2020, 42(16): 79-81.

MRS, SEFReE, RU3, 4. TC KT AE = 4E R0
WK HAR SRR R GELT]. HLAR TR 24, 2022,
58(4): 202-211.

LIU Chenguang, GUO Juehan, WU Yong, et al.
3D LiDAR Based Real-Time Object Recognition
System for Unmanned Surface Vehicles[J]. Journal
of Mechanical Engineering, 2022, 58(4): 202-211.
Mg, A4, BRI R B b R & B AR R
RIS B (T] RO R (AR R
2019, 44(1): 139-144.

YE Yutong, LI Bijun, FU Liming. Rapid Detection
and Tracking of Point Cloud Targets in Intelligent
Driving [J].
Wuhan University, 2019, 44(1): 139-144.
WOESE, BT, MR, F . A MILSBOLE
1 H AR R B S N T, aBUR A i (R
BE2£RR) , 2024, 49(6) : 945-951.

HUANG Yuanxian, LI Bijun, HUANG QIi, et al.
Camera—LLIDAR Fusion for Object
Tracking and Prediction[J]. Geomatics and Informa-
tion Science of Wuhan University, 2024, 49 (6) :
945-951.

XU X,ZHANG L, YANG J, et al. LiDAR Camera

Geomatics and Information Science of

Detection,

Calibration Method Based on Ranging Statistical
Characteristics and Improved RANSAC Algorithm
[J]. Robotics and Autonomous Systems, 2021,
141: 103776.

CARRILHO A C, GALO M, DOS SANTOS R
C. Statistical Outlier Detection Method for Airborne
LiDAR DatalJ]. International Archives of the Pho-
togrammetry, Remote Sensing & Spatial Informa-
tion Sciences, 2018, 42: 87-92.

DUAN Y, YANG C, LI H. Low-Complexity



5550 &5 4 4

ZEINTFAE T O B AT AR 6 A

791

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Adaptive Radius Outlier Removal Filter Based on
PCA for LiDAR Point Cloud Denoising [J]. Ap-
plied Optics, 2021, 60(20): E1-E7.

PREMEBIDA C, GARROTE L, ASVADI A, et
al. High-Resolution LIDAR-Based Depth Mapping
Using Bilateral Filter [C]//The 19th International
Conference on Intelligent Transportation Systems,
Rio de Janeiro, Brazil, 2016.

MASOULEH M K, SHAH-HOSSEINI R. Fusion
of Deep Learning with Adaptive Bilateral Filter for
Building Outline Extraction from Remote Sensing
Imagery [J]. Jowrnal of Applied Remote Sensing,
2018, 12(4): 046018.

FEIRA, LR, IRE, & . ZWOR S = IR %
)2 W5 MaE e e A [T]. 9 A N 42, 2021,
41(5) ;5.

CUI Xiaodong, SHEN Wei, SHUAI Chenfu, et al.
Preliminary Research and Application Analysis of
Multi-beam Point Cloud Filtering Algorithm [J].
Hydrographic Surveying and Charting, 2021, 41
(5): 5.

AGARWAL P, HUSAIN A, RANJAN R K. Pole
Like Object Detection Using PCA inTerrestrial Li-
DAR System [J].
Series, 2021, 2089(1): 012004.

GUO SY, RONG Z, WANG S, etal. A LiIDAR
SLAM with PCA-Based Feature Extraction and
Two-Stage Matching[J]. IEEE Transactions on In-

Journal of Physics: Conference

strumentation and Measurement,2022,71: 8501711.
GRABNER A, ROTH P M, LEPETIT V. 3D
Pose Estimation and 3D Model Retrieval for Objects
in the Wild [C]//IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition, Salt Lake
City, UT, USA, 2018.

BUCH A G, PETERSEN H G, KRUGER N. Lo~

[20]

[21]

(23]

[24]

[25]

[26]

cal Shape Feature Fusion for Improved Matching,
Pose Estimation and 3D Object Recognition [J].
Springer Plus, 2016, 5: 297.

GAOQIJ, YINDY, LUO Q1J, et al. Minimum
Elastic Bounding Box Algorithm for Dimension De-
tection of 3D Objects: A Case of Airline Baggage
Measurement[J]. IET Image Processing, 2018, 12
(8): 1313-1321.

ZHANG X, XU W D, DONG C Y, et al. Efficient
L-Shape Fitting for Vehicle Detection Using Laser
Scanners [C]//IEEE Intelligent Vehicles Sympo-
sium , Los Angeles, CA, USA, 2017.

B OIS BB B s AR A T
[D]. WG/REE : MR TR KA, 2020.

GAO Guang. Research on LiIDAR Imaging Simula-
tion and Point Cloud Ship Pose Estimation[ D ]. Har-
bin: Harbin Engineering University, 2020.
LUD,SUNJF,LIQ,etal. Fully Automatic Regis-
tration of Structured Objects Based on Laser Radar
Range Images [J]. Optik, 2015, 126 (23) : 4698~
4703.

LUD, SUNJF, LIQ, etal. 3D Pose Estimation
of Ground Rigid Target Based on Ladar Range Image
[J]. Applied Optics, 2013, 52(33): 8073-8081.
KA, PhEIE, S, L BOLE BT S SRR
SRR R T). A 5O TR, 2020, 49
(1): 0105004.

ZHANG Nan, SUN lJianfeng, JIANG Peng, et al.
for LiDAR Scene
Based on Point Normal Vector[J]. Infrared and La-
ser Engineering, 2020, 49(1) : 0105004
GREENSPAN M, YURICK M. Approximate k-d
Tree Search for Efficient ICP[C]//The Fourth In-
ternational Conference on 3-D Digital Imaging and
Modeling, Banff, Canada, 2003.

Pose Estimation Algorithms



