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Pose estimation method for battery swapping robot based on point
cloud segmentation and principal component registration
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Abstract: Aiming at the precise positioning issue of the battery pack locking mechanism during the battery swapping process of new
energy electric vehicles, a pose estimation method based on point cloud segmentation and principal component registration is proposed.
The method first utilizes an instance segmentation network to extract the locking mechanism instances from the scene images. The depth
data corresponding to the locking mechanism instances are projected into point clouds, and statistical filtering and voxel filtering are
applied to denoise and downsample the point clouds. Secondly, by embedding the SGE attention mechanism module into the feature
extraction layer of PointNet++ network, the spatial semantic features of points in the point cloud are enhanced, and the lock head point
cloud is segmented. Finally, the spatial pose for locking mechanism is obtained by aligning the locking mechanism head point cloud with
the target point cloud through principal component registration. Experimental results show that the pose estimation algorithm proposed in
this paper has high accuracy and certain anti-interference capability, achieving a locking mechanism point cloud segmentation accuracy of
98.02% , a translation error of 2. 239 mm, an angular error of 1. 822°, and an RMSE of 1. 495 mm, meeting the positioning accuracy
requirements for battery swapping robots.
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Fig. 1 Schematic diagram of battery swapping for

new energy electric vehicles
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Fig.4 Preprocessing results of locking mechanism point cloud
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Table 2 Algorithm comparison results

Hk A6/ (°) At/mm RMSE/mm
RANSAC 38.24 24. 583 1.815
ICP 8. 994 5.978 1.637
FGR 7.59 13.377 1.788
GICP 9. 462 7.402 1.621
SAC-NDT 0. 968 4.202 1.613
AR 1.816 1.943 1. 608

HLhIR AT A, 2 A i B R i B R e v K
A IGERAE S TR = R AR IR 320k . I REA
SCRT PR ST 253 X6 o fige 0 3 v ¥ 45 DL Ay 5 R A
TG B AR 1~ 3 mm (8, SRS TE AR
LR 8 2 TP AL R B 1/3 0L 6, 7E SR 88 1 21
HEs g/ MES 1 mm , B KA 3 mm (35S R
ORI 12 iR,

P12 i B T A R R
Fig. 12 Schematic diagram of locking mechanism

surface morphology noise
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Table 3 Algorithm comparison results ( with noise)

Ak A6/ (°) At/mm RMSE/mm
RANSAC 51.995 48. 677 2.084
ICP 12. 461 6. 473 1.74
FGR 7.339 21. 062 1.873
GICP 6. 069 15.078 1.773
SAC-NDT 5.592 7.303 1.743
A 2.385 4.451 1.718

F 2 MBI EE A AR SO IR A TR A0
4 1.816°,Ar 7 1.943 mm, RMSE 4 1. 608 mm , %% {4 i /i
WER TR, 3R 3 n AL Bk S 2 i g
PG, 2% 2 A Bk A R 25 A W 3N, AR ST R
B A0 BB ER 0. 5690, Ar AYBE LR 2. 508 mm, RMSE f
R 0. 135 mm  AHXS F 2 P LA LD sh /)N, X R B
ARSI T N e A e A K AR e 1

R IEAR SC TR A A TR A AR SC PR N T T A7
P, BEA TR R S T i b A 3D FT BB () 3 345
SR, [ 3D AHLAA B JHEE 10 YCHL 4D 3D 4TEN
BRSSO 2 R4 5 DI = IR AT L 84
it HEENIET A0, At il RMSE - F- {8, 525645
R4 PR,

R4 (CEMHITIRER

Table 4 Results of pose estimation experiment

BI13 Ik sl = S
Fig. 13 Locking mechanism head point cloud

registration results
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Table 5 Results of locking mechanism pose estimation

5 A/ (°) At/mm RMSE/mm
1 1. 644 1.962 1.559
2 1.484 0. 572 1.673
3 1.165 1. 740 1.574
4 1.739 1.523 1.683
5 1.980 1.894 1.713
6 1.482 1.284 1. 545
7 1.489 1. 889 1.558
8 1. 740 1.781 1.534
9 1.226 0. 600 1.120
10 0.718 1.232 1. 585

FH2% 4 WA, Bt Al 3D FTENALAY 10 MRS,
AT B MR R 22388 1. 467° , E 3 E R 1R 2255
% 1. 448 mm,RMSE V(L F] 1. 554 mm, Bt v 45 569
Al L E A A 13 B,

b2 A6/ (°) At/mm RMSE/mm
1 1. 802 2.376 1.496
2 2. 658 2.342 1.508
3 1.993 2.004 1.512
4 2.018 2.16 1.599
5 0. 637 2.315 1.358
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R R v 1 s 2R A LR M A A e M 3
AHFE S LA A TAE,

5 & i
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PointNet++ 51 2= 43 #4855 RAEJZ A SGE {15 )
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WS ARAF A B A A 67 28, A U e T TR A 2= Ak
FREE R R 535 328 7 A 1 57 A 114) 5 2 AR I 98 3R AN i ] f
BEAR 5 55 2 T BT BE I A G 308 RN 1R 28 g D A5 9
MATEG 5 TS KA TR AR E P, L A R R
HrtE PointNet+-+ 9 4% B4 {473 EIKE B A 98. 02% , i 4
FETHO 2 34 1 B R 250 1.822° S F ¥ F RS iR 2 0
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