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Abstract: The loss of system precision owing to machining and installation errors is common in the assem -
bly of micro magnetic parts. To overcome this issue, an automatic calibration and error compensation
method 1s proposed herein. The coordinate systems of different modules are established according to the
equipment layout, and all the error parameters affecting the assembly accuracy are extracted. According to
the positional relationship of the guide rails, a model for motion transformation between different modules
is established, and an error compensation model is then derived to meet the assembly task. The machine
vision system in the equipment is used to take measurements, and a special calibration board is designed.
The error parameters are measured and identified by observing the coordinate changes in the feature points
before and after motion. Furthermore, all parameters are globally optimized via particle swarm optimiza-
tion. Based on the developed automatic calibration software, calibration and verification experiments are
carried out in the assembly operation area. The experimental results show that the open-loop control accu-

racy of the system is within 6 pm after compensation, meeting the assembly accuracy requirements of the
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equipment. This method provides an automated, high-precision and high-efficiency calibration scheme for

the assembly equipment of micro parts.

Key words: micro-assembly equipment; automatic calibration; particle swarm optimization; error com-

pensation
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Fig.1 Micro magnetic parts assembly equipment
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Fig.2 Schematic diagram of coordinate system and error angle
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Fig.3 Error angle calibration in X direction
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Tab.3 Calibration results
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Pyis 2z G U= (16) B ) 546 1 2 501 - BURp
FERLTFHN 28 1000, 3% AR EL Ry 1005 48 AL
w7 0. 5525 B F o, Ml e, 2 RPF IR 2 SRR 5
R/ T A R R R B R T e IR
LT 5 5 5 B\ Ry 0 de e 1) S s ] s o e
HO SR T, R I 2 P B s ) 45 SR R
T TR . Zead k7RO AL S (10 bR a2 45 5%
KO,

error

12 (16)

error =
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Tab.4 Population comparison experiment of PSO

ol R A I [E] /ms VR 2%/ pm
[ 12 4135 3 5OHR 1 R KPR T RESE R 1 462 5 " RE— e
B AT AR 8 22 90 M AN 4~ 5 R HasE il AR 400 120 781. 589 5.061 25
AR L S EG T A5 Y, LAAR &3S 3E I R EX error 600 181 130. 363 5.073 12
Z I 22 (2 75/ T 107 m FE o 2 1R I8 1 40 800 230 724. 636 5.084 72
UGB 2 U B T T 452 4 P Y T 1000 299 451. 150 5.041 21
x5 NFHFIEFIILERE
Tab.5 Learning factor comparison experiment of PSO
)T I8 B E AR kAR UCR I ] /ms SFH R 2 /pm
«=2,6,=0 27 319 569. 610 5.069 55
¢=0,c,=2 20 300 263. 458 5.084 90
a=1.5,6,=1.5 23 304 224. 667 5.137 03
a=2,0,=2 18 299 451. 150 5.04121
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Tab.6 Calibration results after PSO

P, 2.415 3 pm/pixel
P, 2.413 4 pm/pixel
QAy_xw 0.151°
QAxy_xw —0.067°
Brao_va —0.345°
Y 2a0_z0 0. 306°
Y20 xa 10.132°

4.2 REZERRIE

K o A [T 7 B2 AR b A B I, AR gl 45 A
B S, i B A B A AR A B AR A AL AL T
Hh 2 A R A R VR B BRI 25 A R HLIE Bl

JG 235 R FRE s A A bR AR AL . BEBE 4 AN TR T 1]
#y 4 & {7 #% [10 000, 2 000, 0] ", [10 000, 0,
8 0001 ", [0, 2 000, 8 000] T, [10 000, 2 000,
8 000" 2y B ik i 42 (4 [ 10 000, 2 000,8 000]"
FORM AR H X B Z $ 804y B3z 3 10 000
pm F1 8 000 pm s FFLAE ML B H X, Y Fil Z R 5L 45
132 3 10 000 pm, 2 000 pm F1 8 000 pm) , F
LB AR B TR 24 T AR M A8 B S 20 A 2R T X B8 O
[l AL B E FIREAREHLZE) T 6, iex% T
FEAE A5TE G A bR 2R i 52 B A bR 22 Ak (AU,
AV) 5 43 8 DG Ak iR Ak 5 52 22 240, T
HBElE e R IR BB s 5 i Ak bR 228
(AU, AV FL (AU, AV 5 il 2 (17) A
(18) 43 9 155 AR A Ak 1Y &5 5 5 92 bR 19 I 22 E, A
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Ak 5 1) 25 31 55 52 Br e 2 E,.
Ei=J(AUn— AU)Y +(AVH—AV), (17)

—a— Linear calibration error
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Fig.9 Comparison of validation data before and after PSO
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Tab.7 Comparison of errors before and after PSO

At Kietk/pm  ABALS /pm
S0 (] 4.46 4.95
10 000, 2 000,0
A 5.58 6.00
S0 (] 7.77 3.24
10 000,0,8 000
W (E 9. 36 4.87
SR (E1 2.84 2.30
0,2 000,8 000
WA 3.26 2.63
¥IE 6.08 2.95
10 000, 2 000,8 000
W AE 8. 89 4.36
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Tab.8 Assembly experiment

WHL 1 2 3 4
LEOSE /um 6.296  2.666  12.443  5.491

WAL 5 6 7 8
BEWCR R /um 4.817  11.206  8.028  3.158

W b 1 B AR A 20371 R i 5 2 b R A
B AT S YR B B R IR S Frn . Z A
TR S T A D AR B R R TC S B G N
1 L2 i VA 1) 57 B2 BE A T 38 8l , (R R TE K JEE e i
TN, UE B T B 2 8 0ORS  1E S b s O Tk
A 2
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