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Research on the flexible contact measurement method for spatial
pose in automated assembly of workpieces

Guo Wenting,Chen Dongsheng, Cheng Sibo,Sun Ruoyi

(Institute of Mechanical Manufacturing Technology, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: The accuracy of automated assembly heavily depends on the accuracy of automated pose measurement. The commonly used
pose measurement methods are based on non-contact measurement methods, which have low robustness due to lighting, distortion, and
other factors. To improve the flexibility and robustness of pose measurement, this article proposes a contact-based pose measurement
method. This method is based on a multi-probe contact measurement system and decouples the pose adjustment into independent
measurements of pose, center, and phase. Firstly, a visual coordinate system is established by using visual guidance to achieve flexible
measurement through self-updating of point measurement paths. Subsequently, coordinate points are obtained by measuring the workpiece
plane, circumference, and hole circumference. Finally, the least squares method is used to fit the plane and project the circumference
points to fit the center of the circle. The vector space angle formed by the center of the positioning hole is solved to obtain the adjustment
of posture, phase, and center. The proposed method can improve measurement efficiency, and the decoupling adjustment method greatly
reduces the mutual influence of pose tuning, improving the flexibility and robustness of pose measurement. The effectiveness of the
proposed method is evaluated through experiments. The experimental results show that the relative position deviation of the workpiece is
less than 0.075 mm, the attitude angle deviation is less than 0.02°, and the phase angle deviation is less than 0.055° after the
adjustment of the space pose flexible contact measurement method.
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Fig. 1 Schematic diagram of point measurement
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Table 1 Visual guidance position verification

x Rz Ax A Rz
A 4 y
/mm  /mm /(°) /mm /mm  /(°)
SCME 1.9 0 0
1 -0.1 0 0
SEME 2 0 0
SLfE 4.6 0 0
2 -0.4 0 0
B%MH 5 0 0
SEfE 9.7 0 0
3 -0.3 0 0
Z%E 10 0 0
S o 1.8 0
4 0 -0.2 0
Z%E 0 2 0
S o 5.2 0
5 0 0.2 0
2% 0 5 0
SEE o 9.9 0
6 0 -0.1 0
M 0 10 0
S o 0 0.13
7 0 0 -0.02
Z%MEH 0 0 0.15
SCUME 0 0 0.54
8 0 0 +0. 04
Z%MEH 0 0 0.5
SEE o 0 1.89
9 0 0 -0.11
Z%ME 0 0 2
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Fig. 6  Picture of six axis platform
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Table 2 Verification of hybrid hexapod center measurement Table 3 Verification of hybrid hexapod attitude
measurement (°)
T x y Ax Ay d . Ry RyRY  Rx Ry . AR
/mm /mm /mm /mm /mm T (7;;;;;) (%%jg) (;Q(Dﬂj) (;{DHJ) v Y
SCME -0.360  0.215 1 0.010  0.020 0.010 0.015 0 -0. 005
! P 0 0 0 0 0 2 0.030 0.050 0.039  0.044  0.009 —0.006
— 3 0.060 0.100 0.059 0.094 —0.001 —0.006
SCUUE 4,599 5.235
2 ~0.042  0.020  0.046 4 0.110 0.150 0.114  0.160  0.004  0.010
E =l 5 5
5 0.150 0.150  0.154  0.149  0.004 —0.001
MM 9.597  10.204 6  0.150 0.150 0.148  0.148 -0.002 —0.002
3 -0.043 -0.011 0.044
HE(l 10 10 7 0.200 0.200 0.206 0.196  0.006 -0.004
S —0.335 0,234 8 0.250  0.250  0.250  0.240 0 -0.010
4 0.014 ~ -0.001  0.014 9 0.300 0.350  0.304 0.349  0.004 —0.001
%M 0.01 0.02
10 0.500 0.600 0.504 0.592  0.004 —0.008
S -0.341  0.274
s T 0.012  -0.001 0.012 11 1,000 1.100 1.006 1.085  0.006 -0.015
Z%5H 002 0.05 12 0.50 0.600 0.507 0.608 0.007  0.008
STl -0.338  0.234 13 0.200 0.200 0.194  0.206 -0.006 0.006
6 -0.001  0.009  0.009
M 0.01 0.02 i 2 0.009  0.015
ST -0.323 0.323 . e
7 -0.013  0.008  0.015 F 4 AHEBMNEIIE
2% 0.05 0.1 Table 4 Verification of hybrid hexapod phase
S -0.273 0.732 measurement (°)
skl o1 os 0P oomooom ¥ R:(3%) Re(J53) ARz
=G . .
1 0.010 0.010 0
SCME 0. 134 1.236
9 —0. 006 0.022 0.023 2 0. 030 0.031 0. 001
P
2% 0.5 1 3 0. 060 0.056 0. 004
SCUNME 0.601  2.257 4 0.110 0.113 0.003
10 -0.039  0.042  0.057
2l 1 2 5 0. 150 0. 155 0. 005
SWE  -0.366  0.285 6 0. 150 0. 148 -0. 002
11 -0.026 0. 040 0.048 7 0.200 0.207 0.007
SEE 0.02 0.03
8 0. 250 0.251 0. 001
SE{E -0.366  0.280
1 C0.026 0.046  0.053 9 0. 300 0.303 0. 003
2% 0.02 0.02 10 0. 500 0.502 0. 002
2% 0.043  0.042  0.057 11 1. 000 1. 007 0. 007
12 0. 500 0. 506 0. 006
5) SRR T 13 0. 200 0.197 -0.003
i 2= 0.011
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A3ATEE S BUHE TN I R A, (1) BAMmE
H (-0.3°,0.764°,0.09°) FF{IK 2 ( -0. 005°,0. 003°,
-0.011°), (2) H O B M 22 A (- 3.038 mm,
2.8 mm) fEAEZE (-0.016 mm, —0.075 mm) , (3) M &
R ERIL 438. 699 mm, fig/NEARIK 5. 527 mm, SE
1V 5 Al 25 A I 22 0 9 B0 (L U, 2% T X 422 B L) S5 B,

(a) WEX BT
(a) Measuring docking part

(b) W& HAZ LA
(b) Measuring target part

7 e fuh Nl Bl o) 4

Fig.7 Figure of contact measurement assisted docking
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Table 5 Assembly docking between part A and part B

HIURRYSY
C(FEHE3)/mm
C(5EM 6)/mm

(X,Y,Z7)

(108.794,-753. 897,202. 407)
(105.756,-751.097,349. 754)
KC1( %4 3) /mm (78.928,-543. 478 ,202. 537)
KC2( %4 3) /mm (139. 830,-963.917,202. 276)
KC1 (52 6)/mm (43.938,-535.867,349. 547)
KC2( 52 6) /mm (—49.583,-912. 268,352. 674)
(AX,AY, AZ)/mm (-3.038,2.8,147. 348)
(AA,AB, AC)/(°) (-0.3,0.764,0.09)
C(HEME) /mm (108.794,-753. 897,202. 407)
C( 52 2)/mm (108.778,-753.969,349. 581)
KC1(3£7E) /mm (78.928,-543. 478 ,202. 537)
KC1( S 2) /mm (139.830,-963.917,202. 276)
KC2(%:4E) /mm (47.941.938,-538. 179,349. 762)
KC2( S 2) /mm (-47.635,-914. 463 ,349. 875)
(AX,AY, AZ)/mm (-0.016,-0. 075,147. 174)

(AA,AB, AC)/(°) (-0.005,0. 003,-0.011)

D5(EAF 3 HAR)/mm 398. 291

D6( M 6 HA%)/mm 438. 699
D7 (FF 3 L EA ) /mm 5.527
D8( M 6 FHfiEfLEAR ) /mm 28. 465
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