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Precision assembly method for tiny optoelectronic components
assisted with robotic arm
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Abstract: Tiny optoelectronic components serve as the core elements in some high-performance sensors,
where their assembly precision critically determines device performance. To address limitations in current
assembly methods, such as complex configurations, high costs, and poor scalability, herein the research
on the precision assembly method of tiny optoelectronic sensing components were performed. The primary
contributions of this work are summarized as follows: First, a miniaturized parallel adsorption device and a
robotic manipulator-assisted precision assembly system were developed. Second, considering the dual re-
quirements of efficiency and accuracy, a two-step visual alignment method was established. This method
combines "state freezing" with "marker-guided" referencing to determine the spatial relationship between co-
ordinate systems. Finally, the assembly experiments involving miniature optoelectronic components were
conducted using the developed system to validate the proposed method. Experimental results show that,
by applying the robotic arm-assisted assembly method herein proposed, the assembly accuracy can be im-

proved to the 10 pm level. This breaks through the limitation of the robotic arm’s own repeat positioning
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accuracy, enabling the system to balance efficiency and precision while significantly reducing the complexi-

ty and cost of the equipment. We believe that it can be widely applied to various precision operations.

Key words: precision assembly; robotic arm; visual measurement; micro-gripper
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Fig.1 Optoelectronic module and its final assembly effect
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Fig.2 Visual measurement schematics guided by markers
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Fig. 6 Experiment of picking-up and releasing

4.2 EBRRFWEMIZIT

AR B2 AR 5K R BC R A 0 5 B
A PR BB LR SR A TR AR T L R 25 TN R
F 3l Bk 2 IE 2R 0 i DU 5B 2 A o AT
PEEE BOBE B AR TAE AL Hse il & 5 B R

BB 28 98 21 5 Je B A7 B/ DX, e 7
IR o

Vision measurement and
loading-unloading module

Dispensing and part

pell Parallel adsorption
picking module ¢

mini-device

module  combined fixtures

K7 AL ARG AR ZIE
Fig. 7 Schematic diagram of the assembly system

E RS I 5 bR R AR LS A I
BRI RS BT O AL L AR A R
i ] — B UM £5 S0 L vE 50T . BB %
AP G b, HOR i 22 2347 WL 58 0 | I B
LA B I, A5 BT A LSBT LR i
e BAE BRI 8 A 2 E o A v o R e T R A
B E U o Bt e e ELRAT [ BR AL A e
fL RS E LR R ERZ M, S SN
FAFITH

Je B b B T R A, S B A
Je B b E A T B AT A9 N AR B 5 BR i 4%
18 e Had B 8 iR

I ALARE o2 bR £E AL A T 5]
Al AR £ R RO B A A A
Je 00 [ At 2 BE A Bk o2 R BE o ARk T A £ A
Bk R L 5 SR B DL DRUE 0 IE A7
LR EN S BELBE e EER
ARE G BN =AM ERME &, LR ET
i A 11 X e ) B 22 2B A 5 B 5 S, ik
Feremni .

S AN BORE B el Y ) R Z i) Al
B Bk AR A A A, T R AR A
oMb 2 o 2 TE A B R i OSSR T AR
A BLPME S B AL . o TRk s s T,
Z I B ME R B Z M RA TG,
G T BRI EHOMNY Z AT



2598 P

33 %

4.3 KEMFEIERRE

B, AT RME L . SRS ALIRE 2 2 B A
Y A Je H 0 A7 DI, JE AT e B4 5 0 TR
it R e BRI A5, 38 o SR OBL AR 0 i A 3 e B
B B e 07 8 R S R R A S R A
Oy R BEAE N TAE S B 1R R X,

SRIG X 0 0 AR5 206 B0 25 7 R AF Ao 8 1 47 U
o ML $5 2RO ML A g A X, FRE ORR i
SALE B B AR TAE & 18 4 A 2 1R 5 B R Ry
AEAR Y S 3 2 LB I, R AT R PR 345 3 & 1
52 %08 N IR B 78 R — A2 bR R T B E 45
IEALE , T — e E.

71 0 40 BCHT 7 EJ5 , B8 Sl AR BIL 2 2 5T X A
B VB A, A5 30 5 R O A O 2 AT ORIt e
Tie Xm0 a5 B AL 15 B AR 10 558 UPE Ze b 2 O
Fff AT L0 P A B R A AT R BE AR B0 R
LR X AR E A AL E R R

BE BT LG R #E T F H BOR
HAE . VARG IT R 2 B0k ), 7 3R — R R
ML IZ B 2 X 1) 7 B I S A 1 e R JEE 4R AR Z
i) i i e B AE R AT SRR . R AL A
PR BB 2 DR XK R AR I RS
B B FNAFE B R R ARE A7 53 51 5= 78 B
ARASTS X710 LY J5 ) 224 bR 10 04 A X R
BRI R — B S, R TAE & 3547
AT B 40 B A 2 e B |, A
114 2B e 2ok R 2 o

5 ZRARLiHE

5.1 75 ik B S B AN AT S 1 00 HIE SR I8

T HERA B AR TR TR A TN AL
DSORGB, LA 6 L9 181 225 A S AR AL
i H R, DK B PR S S50 X G AT B4

(] BsF, xsF /0N 0 A 5 B W BT 2 B O RRT E A T 5
TIE , A & I B AN 18 2 7 15 0 o

e T H W s R AR 4 B B ROS) 44,003
mm VE PR EME , SR 5K O e & o BRAETL
B G & 2h 23 i A5 K R He A A bR g A
FEAHBLAL R N, SR 4R EGOTT I 6 K B, e KR 22
9 10 pmy, i AR T WU I 4 5 A0 B (3R
1)o G5 R CUREE IR PR S8 &7
B LT RE U A AR iR T WL B E LR

R1 KEREUER

Tab.1 Measurement result of gauge block

No. Mea. Value /mm Error /pm
1 44.012 +9
2 44.010 +7
3 43.999 —4
4 44.010 +7
5 43.997 —6
6 44.004 +1
7 44.013 +10
8 43.994 —9
9 44,001 —2
10 44.008 +5

Mean: +1.8 pm

Variance: 6.4 pm
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Tab.2 Assembly error of optoelectronic parts Tab.3 Assembly errors of optoelectronic modules
EC error /pm LE error/pm  PSE error/ Positional error /pm
No. . No. Angular error /(%)
X Y X ) X Y
1 +6.3 —6.5 +7.9 +0.019 1 +7.9 +12.6 —0.104
2 —12.9 +6.6 —10.2 —0.149 2 —12.3 +9.8 0.137
4 +13.6 +11.5 +9.1 +0. 149 1 49 116 +0.096
oo T8s e —o4 0.039 5 +13.5 +8.4 +0.021
6 +12.6 +12.5 +11.0 +0.159
6 —10.8 —6.3 —0.038
7 —14.3 —11.4 +12.6 +0.035
7 +8.9 —5.8 +0.072
8 —8.4 +1.4 —10.4 —0.152
8 +13.5 +7.3 +0.052
9 +11.2 +10.6 +6.7 +0.155
9 —4.4 +10.7 —0.142
10 —8.9 —1.2 —7.9 —0.095
10 +1.4 —6.5 +0.053
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