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Planar Point Cloud Registration and Relative Pose Control-Based
Assembly Method of Industrial Parts

Wei Boyan, Du Hongzhi, Zhang Ying, Ren Yongjie, Sun Yanbiao
State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University,
Tiangin 300072, China

Abstract Aiming at the problems of low data registration success rate and insufficient pose control accuracy in traditional
assembly methods for workpiece assembly tasks with planar weak geometric contour structures, an assembly method for
industrial parts based on planar point cloud registration and relative pose control is proposed. First, the workpiece point
cloud information is reconstructed by the binocular structured light sensor, and the obtained results are registered using the
RANSAC-ICP algorithm. Then, the relationship between the plane normal vector feature and the maximum distance is
corrected to achieve accurate point cloud registration. The relative pose relationship-based manipulator control method is
proposed, which omits the calibration of the tool coordinate system and directly controls the manipulator movement by
relative pose. Then, it takes the relative pose error as the evaluation standard of the control system error to realize the
reliability assembly. Finally, experiments are conducted using a large industrial manipulator in a real test scenario. The
results show that the registration success rate of the proposed method is improved by 85 percentage points compared to the
traditional assembly method, and the automatic assembly accuracy is better than 0.5 mm, which means that the method
can effectively solve the problem of planar workpiece assembly.

Key words machine vision; point cloud registration; robotic arm; assemble; industrial scene; relative pose estimation
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sensor internal connection diagram

5.2.2 TLMBAXERTS

AT AN H B E T E (55 ABB-
2600) . FE i W % (£ 5 DP-50) 3 H 45 4 % 1% R 8% K
R Tl R S50 6, 5] 5 s o

FIS  BUBE e B S 46 e &

Fig. 5 Robotic arm assembly experimental verification platform

PS5 g 8 2 7 TAESR — M, 8 TIR7E T+
HETAERIE e, 55 B 08 kO ER R A-PLAS A e
% 5 efficient perspective-n-point (EPNP) JC i 54 v Bk
BRI 1Y T MR AR E 7 20K 45 0 A% B 2 A bn R S5 AL
BAAR R G — ek, SRR AR R A T =
e A SR L (TRl VALY B i SN VR VA3
T30 AH X 67 25 I 44 722 $ R B A% i 20 WL BB 2 D R e
o, B R R G AEALER N HRAE R 58 (ROS) Hh KA1 8
BLAR B IR FLR) 32 3 8030 4% S e DLV 4 65
AP 7T DLz 3 B 46 8 07 58 R . 230 e 2%
R DV b o 300 2ok A 2 T 1) ) 38 ok B
5.3 ZWERRDW

T 3 7 P 22 ol i 2 T 7R B 15 0 AN [ o 2 2 T A
25 AT T U 52 56 Ok 56 T T 4 5 - T AR A Y A 2 TE
JIE RGBS W, 72 5L PRALAUVE 3 50 T 473
T ST 256 2k 145 1E A T R S A5 248 72 45 4 AL DR 42 1 D7 v 1Y
ATAT P R A
5.3.1 EEBAEZRRE

T X9 BN [A] B AR 1 78 i - T 2 T A 5 AT TG

WESZ B, 4 Sl RANSAC+ICP  4PCS+ICP . GO-
ICP . TEASER- -+ DL K i $2 B o 5, s 45 R
&6 I o (A Bs, Sk ik B T B8 5509 i) o 42k, 16 R 2R L
4 3, R 5 A ECE Bk EAT SR A L HR , IR A5 R
w7 iR .

M6 AT LLE X6 F R [R5 Bl A Y 05 2 e v
P 1 55 LA 58 J30 45 4 s = R RE AR AR DL G
B AR HRRES B AR RS, B RA N
e 7R K ML T T R Bk A v e o DA KBRS O R X
FEL T 7 &5 SR AT 21 OF , SEEET OR TR) 2% e 14 s = o A
T R 0 TGV, 0 I 9% BB T OR TR) S T AR A 1) 2 T A
Mo lcEEA R A, B 78 RER, E5%
B RANSACHICP 5 4PCS+ICP Y EE M HE % T
PR vk o E R A T 1 A5 2 X N R AE A B
HABEHLYE, AR AT A 1E R EL 45 R . AR
GO-ICP 5 TEASER+ + ik & BB 4 A h TR
WERL T R AR, JovE N B AL Tk e A 7=, b
S5 25 AL 70 4 UE BT T B GAD kT e 2 A o
) TAE o 25 SR | L 4% 7E B0 S Tl 2 E A 7 R R I A
HE /1 o
5.3.2 IH¥EBLEi

o N [ 2 A7 A R 24 T 47 7 N ()40 s 4 248 1 1 100
AT TS I, o FH 25 A O A% IR A ) ke L A E AT
5 5 A SR 5T A 20 00 A 2 B B A ROS Hp
P I ALARE AT ERAE , IR A R a1 8 PR .

TE A5 2 BE o 2 A, O 48 R OF AR Y A5 2 ]
HE L) IE VR X R B T R B B R T E 2 RS
T XA [ 2B T 4 R R A7 5 B LA 4 ) Rk R A
R SIS i I RANSAC-ICP 2 it e 8 e 5 3 T
T RE AR B R BCOE Bk 4 ) i AT 40 IR B
RANSACHICP B #E 77 5 HOg T 10 W, 5 T %
25% H T HE A 2 B R SRR TR O 100% . 3 Ah
e 1 v o X7 5 5 76 (absolute ) Xif R 20 512 56 45 5 0] LU
B, BT OF | R AR R R = M B
RANSACHICP Fc e 58 2k i 2 A4 B A H i Tl
R R O R A 2 , 0 T 9 S v A R

0415001-6



E61EE4H/2024 F2 B/ M EBEBTEHE

(@) (b) () (d) O] (9] (2 () @
L ....-....
algorithm

Bl 6 ARFEEA S B AELE S (a) BB 15 (D) 3G E 25 (o) 2 i 35 (d) B4 45 (e) 2E e E 55 (DAL 65 (g) %%

(h)ZEEE P 85 (DAEECAF 9

el 7
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Fig.8 Experimental results. (a) Assembly point cloud registration results; (b) (¢) real-world scene assembly results
F1 LIRSS
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