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Abstract: In order to meet the battery replacement demand of electric vehicles, a 6D pose estimation
method of battery package locking mechanism based on point cloud segmentation is proposed to solve the
positioning problem of locking mechanism during battery package docking in battery swapping station.
This method uses YOLOvV5 network to segment the point cloud of locking mechanism from the scene, and
uses voxel filtering and moving least square fitting to filter and smooth the point cloud. The point cloud la-

bels are predicted by the point cloud segmentation network, and the global semantic feature is added to the
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Fast Point Feature Histograms (FPFH) feature to make up for the defect that the FPFH has only the local
feature of the point cloud. According to this feature, the Random Sample Consensus (RANSAC) rigid
point cloud registration is leveraged, and the 6D pose of the locking mechanism point cloud is estimated.
Finally, the Iterative Closest Point(ICP) algorithm is used to correct the pose estimation results. The ex-
perimental results show that the 6D pose estimation algorithm of locking mechanism based on point cloud
segmentation has high accuracy, and can overcome the mismatching caused by environmental noise, and
accurately obtain the position and attitude of locking mechanism. The angle error of position and attitude
estimation can reach 1.90°, the displacement error can reach 1.4 mm, and the RMSE can reach 1.5 mm,
which provides an effective solution for battery docking positioning in battery swapping station.
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ping
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Tab.1 Algorithm comparison results

B AG/ (%) At/mm RMSE/mm
ICP 40. 23 2.8 585
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TG R A TR A A M R ORS B E

R2 HEWNUEXLBLER (KBRS

Tab.2 Algorithm comparison results(with noise)

"o AG/ (%) At/mm RMSE/mm
1CP 49.24 4.6 6.2
NDT 44.85 o5 5.9
FGR 25.50 4.7 3.1
SAC-TIA 10. 67 2.5 2.3
D-SAC-IA NIl 1.9 1.8

I J5 AT AL TCP K IE HE 2D 3R 1 56 & L %5
fhiTE S5, LSRR A Tk A Sk o % 3D AT
ENRERVE T 10 AR MBS T, B B8 T T
5 WA S AG 1T S 96 IF 3T 3R B 4E, 45 2R an 3k 3 A
B 11R .

R3 MEMIREER

Tab.3 Results of pose estimation experiment

F5 AO/(C°) At/mm RMSE/mm
1 1. 221 1.4 1.29
2 1.364 1.4 1.34
3 2.358 1.6 1.65
4 0.782 0.8 1.13
5 1.266 1.4 1.31
6 1.590 1.3 1.32
i 0.962 0.9 1.19
8 0.895 1.0 1.15
9 1.365 1.1 1.26
10 1. 244 1.0 1.25

\\\\\\\E\u il \,1“:;‘-%‘.\ }a“s\

BT A7 Ak T DC L 45

Fig. 11 Pose estimation matching result

& 3 AT, A B8 Ak 1 24 A B R 22 3K )
1.30°, P32 3K %) 1. 2 mm, RMSE 318
EF 1.3 mm.

T — 0 B I 4R U7 R A RhE SR
H, Y 0 S ) AT 40 & TCP RS IC U 1Y 58 2 o7 B A
TRSEG o DS ASAS [ A 40 A 4 45 ri b 6 19 0 1k 1L
L AE AL AT FE AT 5 A Ak T S R IR T
TSSOV E S5 R R 4 TR .

R4 MEMGITXREER

Tab.4 Results of pose estimation experiment

75 AG/ () At/mm RMSE/mm
1 1.813 1.5 1.44
2 2.364 1.3 1.59
3 2.018 1.3 1.48
4 1.797 1.3 1.38
5 1.510 1.4 1.31

2 4 P, A0 2 Ak T 9 1 24 A R R 22 3K )
1.90°, i B8 iR 2235 %] 1. 4 mm, RMSE V- ¥ {H
IKE 1.5 mmo 6 HL 4 HL VR X Ik LR
FEANLAE BE R EOR O A IR 223 mm., I, D-
SAC-TA B3 %5 F H A2 B 1 E ALK 19 6 28 A 11 B
A5 RS B R RS A L AT DA R H Bl 4 e it
e 9 2 K

o S F L L S 50 1 X S A6 ) R, A SR
T B BT s o E Y AL B R HLAS 6D 7 %
fh . O YOLOVS M 37 55 v 4y %)
W B 1 MLAS) 19 05 2, Il AR 080k 5 % 3l /)
CIRIA AT E S MR S E A S S
43y EI 2% S FPFH FRAE A 4 Jey 18 SCERAE , 9k b
FPFH HA 5= 5 FRAE /Y Bl 6 , I 4R 4 1% 45 1iF
PEAT RANSAC i = Be e, Al 88 1k HLA A5 =
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