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Ship laser point could registration algorithm based
on structural features and motion

WU Ying-rui,ZHANG Wen-kai, YU Tian-qi, YANG Jian-feng

(School of Electronic and Information Engineering,Soochow University , Suzhou 215006, China )

Abstract: Due to the structure of the ship in the wildand the limitations of the LIDAR measurement field of view,the
acquired point clouds suffer from misalignment and lack of features, which leads to the low accuracy of the classical
registration algorithms. Based on the analysis ofthe structural features of the point clouds and the motion trails of the
ships,an alignment algorithm based on structural features and motion trails is proposed. After pre-processing the point
clouds to be aligned, the structural features are introduced to solve the local optimal solutions of iterative closest point
(ICP) algorithm caused by the misalignment of features. On this basis, the motion trails of the ships are solved by the
transformation matrix of the main part of point clouds. Based on the motion trails,the point clouds lacking of effective
features are registered and the registrations of the main part of ship point clouds are calibrated. The experimental re-
sultsshow that coordinating in meters ,the mean square error( MSE) of the proposed registration algorithm is 0. 2 lower
than ICP and 4PCS + ICP algorithms.
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Fig. 1 Example of the datum points of source point could
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Fig. 2 Example of the registration based on datum points
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Fig. 3 Example of the misalignment of features
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Fig. 5 Process of the registration algorithm
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Fig. 6 Example of the single-frame point cloud
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Fig. 7 Example of the 2D ship point clouds
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Fig. 8 Example of the features of the main part of ship point clouds

A T F o DSR2 T B
RANSAC L 5h 42 L, FIA P L. (£ IR
TN RS 2 I S SRR 2
B o, BIHATHI o HABEKT 20 1935}
KM 2

R TSRS 2, T RCHEROA 5 2 A
RO 35 LI 2 I S 425 O
S BNEHAHO R AT A, TR
ENTSAR ST, (XA S RO,

XHENTREATALBE
3.3 f AN E R AR R AR
R o B HE PR 25 W 2 TR BRI RE 1 A7 2000 1 1

AN RERIBEAE =AML 73 B ik R = 2R
Ja SRR i s BEAT IO . TEMR IR i s 2 0
TN TRERIEEAE = D AFIE R, AN T L RE A8 L4
P 2% BER, SO RE A B e 15 B, (HICIE 155
FCHER R A . 5 Bk T BT AR RRALE 547 1 v B 68 ] i
PR ERE A5 AR5 B E i T AR R A A AL
B HEREAR ST E B AN i BRI, ZE XS M 1A R
ZIEATIRCHERT , 38 3 N ST REARAE A5 B W0 46 e % o
W, 308 3o D2 BRI A 80~ 6 SR I O ) 900 2 e e o
A NER BB IE
BARSBR PR S = 20 s = P FH

bRz P, oy B B AT RZ S50 -

L :Ax+By+C =0

L,:Ax+B,y+C, =0

(9)
Lt:Atx+Bty+Cz =0
1 1 1 1

L, :Ax+ B y+ C,2 =0



1008 WOt 5 4 sk

053 %

WA AN RZR I AT R m B B s

AR THERG f1 2 -

! AA, +BB,
B = TS[arccos( ) +

VA + B A+ B,
A A, + BB,
\/Aszz + B’ «/Atzz +B,’
Horp, S FOR B MR IE G -

)] (10)

arccos(

l,arccos(L) = arccos(———2—)
A2+ B, A,> +B,’
S =
1 ( B, ) < arccos( B,
- 1,arccos(————— ¢
\' A.slz + B.\lz /]2 + Bl|2
(11)
FIFHIZ S BEAS B W) G T e JE B
cos, - si
m:[‘ﬁ Iﬂ (12)
sinB  cosf3

X F R S 2 4 E I SRR 4, R ICP ]
DI T O 43 5 2 B C e 5% 46 B R, FITTC
HEP R 1 o B = MRS R RS B T4
B A BT S5 i 2 1 TC TRy

{tm =1 (13)

R, = 0.9R, +0. 1R,
3.4 MGWAWMES EERIM L RER L

DRl R 15 T 1) 1 s AR B — O TR TR 4
HAZHOGE IR0 B [ 28 , BT LAAS R & 7 i o =
P 5% Pyt o o [ b S A N 7103 B gt

2 V% R RN 2 i A ) U — Ay 25 RN
iF, BEAT LADA A 7E 80t WOG TR 25 MBS0 RN, AR
FULA T T E R A AR R B RS BRI ME s = A
1945 W IR132 Bh T -

PR 1 n
t, =t, = ;2 >
- 1 n
&:Rm:gzﬁﬁm

JC AR 1 = R AR AT HCHE A Mk 5 A R 40
sz (AT DU s sl R s 2R A7 BE Ve, o it 1t B
P A2 B0 RN Mk -5 R F 20 i 5 XA
RRWTE 2 HTCHEREL R

[F) I , 123 Sl BId L BEXT 2 Rt RS A A0 23
m s B BCHERE G R AT A2 1, 19 21 Fe & i A 0 i
R AHAR I 2 P HERE R -

{t'm =0.8¢t, +0.2t,

R', =0.8R, +0.2R,

(14)

(15)

4 KWHERSHH
4.1 LBIIGEL &M

ARSCH A5 9 29 100 m g 1) B Sz T A
A 5 SR im0 n] A 2K 240000 45 A5 25 Bds , S5 A%
T4t 64 LRFOEH KA LIVOX HORIZON w1 fig
WOLTH R PEAT BE R 4R 5 /£ Ubuntu20. 04 #21E R 4t
L C o+ BT R, AN 9 R

.......

100 m
K9 SCEFRES

Fig. 9 Environment of the experiment
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Tab. 2 Result of the experiments using proposed

registration algorithm compared with

classical algorithms
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