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Precision Micro—Assembly Technology with a Separate Configuration

Integrating a Robotic Arm
Sun Yongkui, Wang Xiaodong, Yan Zhiyu, Xu Wenqiang, Xu Zheng
(School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: To address issues in current automated assembly equipment that uses multiple orthogonally arranged precision
displacement slides equipped with vision units—such as poor flexibility in vision measurement positions, limited measurement
range, and complex workspace—a micro—assembly system with a separate configuration integrating a robotic arm is developed. A
configurable parallel pneumatic component adsorption array device is designed, combining the motion flexibility of the robotic arm
with the high precision characteristics of the slides, thereby improving the versatility and efficiency of micro—component assembly
processes. To tackle problems like poor consistency in vision measurement caused by the inherent motion deviation of the robotic
arm, a marker —inspired vision measurement method is established. The motion deviation at the end of the robotic arm is
measured using markers, and the relative distance between target points is obtained based on the markers, thereby guiding the
micro—motion slide for motion compensation. The proposed method is validated on a self-developed assembly platform, and small
—batch automated assembly experiments are conducted. The results show that the assembly dimensional deviation of this method
applied to micro—component assembly is better than 40 pm, meeting the assembly requirements.

Keywords : automated assembly; robotic arm; micro—components; vision measurement

SIS SN T, R B T A R R i
Pt . AR R SR EOR L 5 I AR
FEs RRAL Y R 3 | 5 B TE R R AR 2 TR T2

T

0 3
H e Bl R AE B 5| 5 1T 2 4F

RS, BV OK — S ORI B 3 B S A6
B VR R 2 A SR G T2
P o AENAEF= B e IR A ASOR B AR A B
FEF= AR PERE L, B DL — BEEORIA ] 10 pm 2% 1Y
RERE . AR, X (ol 38 Ge M 18 A IURE R AN
P, BT B O R AL AL AR PE R AR 10 &

BEEWB i1 74 XT3 A TR 1 B (XLYC2002020)

FIARKE I R R BT 4R T, SE B HL I RE 24
b, BN G A SE M 2 KA ¥ AP BR

H T ZBURAAE A P R e e e &,
BRI Z A IEAA B ok BE T 5 45 L o0
SR IR AR AAEET Bk AR S X
Pl 55 . FET AT, X A CE G InAH 1

F—AEEB N ANKRE(1996—) , T, HOR BN, BT AE BE5ET7 10 0 UM F 3RS 55 BE R 4, 1484504862

@ qq.com,

BIEEFEE T VAR (1967—) ,J AT RIEN  #dz, {2 S0, {4 WFTE07 [ D0 O FE RO 5 R 58 A 3 st

5, xdwang@ dlut.edu.cn,

- 189 -



- HLBRARA -

FREF - BRI 0o B XA BT RE R

(D) BRI, [F] AR R TN 22 S T & AR At
RSB AR, BR T RIREER I T AR, A3
Vb2 ] s/ N 25 ALK 45 44 152 Tz Bl 4 o e
KR, ELME LA I AL A BRI B 2K

I~ T B R AR L2 O ML (LA T
BUBRE ) R GE , & WL EL A DR ZS A4 /NI
FHE Bl R B R A5, R0 & A FRAE L 25 [l i 22
FES5AE . H2 T DL &k 2 e i2
Sl 3 I Bl A i 1 6 1 07 2, A2 4598 Rl R 2
AIZEA AR ) R b e RS — A T 20 pm,
HE S HTE YRS S B b

V] A AOR FH OG5 HLARUE 76 A BR 2 ] 58 B B
LR B AR CAE ., 2 S B v 20500 T ook 155 A e 1Y)
A, RIS SEC R W ST AR 32 2 R M A
B RS R SR LGS AR M 2=, A
SERZE L L 5L B R X 2 A W] R B o —
AR A YN 3 B A AL

— ARG TR T i B B A T SO
BTN 5 T LB AR MU R v, (B A
s ) 7 55 RS B R AE (B R RE J1 . 9140 ; Shao
SR S DL #5201 3h - 6 1 07 OB
RS SRR RS, SR RO AT B
Wang %1 25 B st A5 B35 XML K i sh it /5 1F
FARARI T B 5 s B RS B R B R 4, 7
BBEAKT 1 m 1Y TAEZS (8] REAE 52 BLAHCK A £
PR PR BRSO, Ma 260 BFR) T 36T %
THLA RS 2 FALES N RS, TAESS |42
R 52 E RS FE 2 94 703 mm F10.02 mm, — 14

AR B PIE iR A Al 2 (A1 ] S5 B e A o
B, AR 2R AR i 0 B S LA N o i A D
INAGENER 7 22 5 R ML A S 28I | B2 R 5t
R RE AR EYE , R LA B HLAR NS5 44 FIxS AL
AU A T A2 W RE A IE S, T L fige b 3 1R A
R 2 hise & A sl PE i AL

oy I RS Bl i B B B I
TAAEA IR AR i, 1072 55 AU () A 22 2 i
JE b BB E T BR X EAE SR T RUZ
M FISR S B 5 O T HLARE A 25 )
N R gl T LTI A, I sh
iz SIAMEUIRE DR 22, (O, 7 ZERA A F5 20
TEN 1 3 ) — S o 22 B AL B DU M
i, RITMA B A D3 R A A T
LR AE LA B B B T - IR F B Y 4 7
A, AR T RGBS TOA, < T - R
WU P e A B2 AT, (B2 T HLAE 1
STRGIE I DL ACHE B S5 SR VR L o

ARTCAES T - IR A4 BYUBE 1 JE e L, T
T3 M TUORS  TCR e R G B R BRI, B A
fifp L e AR TR PE [P

1 SEXNMERERERS

B 1 R AT HOEOR S RU N AT E e
PO REAFAEAR A 2 [/ A0 0 £ 5355 1 A
SRR, s Sy AR LRSS TR R 15 AR
GE, 455 DUV A R TG VE RNl 3T 6 00 G RE AR
ST O R AR

SaREL

(b) 1653 AL

1— R AR AR 2— Aol TR SR 3— L L BE RIS  4— bR RS  S—HUMUE A4k 6— FORRR B
B 1 SRMENS B EEBERIER

FIEF RO bR A R, 3k TR 3 T
VERLES N BRI ECR 3 kg, NS RE£20 pm,, K
TOHUBRE L [RII B 1T Rk BOHLAS AL S A0
BT, LA A e B BB GRS R TP 2 A
JELE AL 55

- 190 -

RBAG FAF B AR AR A i PR30 L e
MBET R P BE , BETT— R B B IR AT B
FAFW BRI 3 I e b O i B P AL, O
e B AR, H R R 2 B
HABE S RLBS A ] I DR UE IS SRS JEE 1208 B AR I



- HLBRARA -

FREF - BRI 0o B XA BT RE R

AN AT, 7T LGE B 2 bR S 52 2 i
155, A S 5 B B S AR 22 BN 3, 5 2
e B AR AT

Pl T G BT AR S 2 K3 B
Mg & ,EE%{j*%Efﬂ 0.2 um, T A 15
BT R HE LU O BN, [
B BT RS A TR A

2 tridmBRBARERN T

MU 52432 Bl Rl 1R 22 25 5 52 ), B IR
B2 B AR RAFTEAL 230 22, I X0 0o D i — Bk
WK, HLWE iz sh 7 B im 228 T R BE LR
22 AB IR ZEFATAME: . IAh X ARZ H AR A
HEAT AL U S ] 52 0 SR AL S ) | 2% TG
) BT P, ELATLBRRE S5 s A% 2l ) 4 5%
ZERER o B RIS, A SCHR T —Fh AR I A
Jet R ARG AGE I T 7, DABR I mid Ay 35 v SR 4 A7
AR DL 12 3 im 22 , 151 e &
HEAT BN ASERERAME . R, A T R Th i 22
2 2 (1) 2 50— 8 W BT Sk 5 4 IR AL 1) AR B A
B, DR R R S TCE H AR Z TR AR X (8],

HH AR A [F] — A bn 2R h P B AR s Z ) A
XFREES AN 2 fros g E o bRic s S B
bR Py BARA P, WA BE 2 T 3RA5S H bR
P FIERRS P, Z B B HR A P S hRiC
B RH X R S A Axpl Hi Aym , Bir i P, 5k
SRR R RS A R Axpzﬁ‘ﬂ Aym NURE R =W
HbRs P, Z A ARXS R 2 h

Ax =Ax  +Ax ,
oo (1)
Ay, =4y, -4y,

Wit iRk, v LA E [ — AR AR R MR E
WAL Z TRV ARG R 07 T ke e R 48 7T 5 | 321k
B 5 58 O MUBE (0 25 0 22 A Ma2 , FAHHR I, %
PERICAT 55 5 I 455 K HLBUE A R G4, vl 523
TEAN ) £ BT H bR i g 2

FbRsiP, BRI

v 1 /

F b7 5P,

~

2 HRiEAJR R B AR N R 2

2.1 fRigEET

W 3 Firzs , ki s oK s e B R Sk 5 E R
DX EARZEAFARRAE 5, 2 [ 00 R T B 5, L R i Btk
AT BAREF 5 B X BCE S ] AE X R B
TERLBH - 15 10 46 B DX ORI 245 i X 3] 42 7 A i A
DI Sty B0 s B 7R e Fm 1 o Pof Loz A
Hbr &Y BA =R LR Sy R R RRE , B /NS
o NS AR I e A RS T AR

LRHIX

LI

5

Fric s

i

bR

B3 RRELTEE

22 WREAIEHHIERWE

XA RGBS S, B e IR AT s B4
M BB 2] 1) A St S R R A Sk R AT s 5 < il 5 7 2
75 AR 5 hR i o (B B8, I 40 3K 5y B A AL
ar N2 FORHX 5 [ s £ B sl & 58
PRERAE

WECEBCTF IR IS, 559 BB, A i 114 WG 2
EIEEMA G KA BRE, 232 FRIX X H
PR T AN, AEATLAWURES 2R i 1 A ) 37 28
22 FEIRBR AR R 5 TAE G A bR A (0] H 3w
W R AT AR BR AR B) A0 B 4, DL 2 — ) o Bk
e, TEAHBLALE T 7 BB AR R o0V, TEAR I
TAEG EEN. TAEGBIRR .0y, 1 6 LR
xl()O Yo JINE 4 s

to

4 EIIREIMEER

- 191 -



- HLBRARA -

FREF - BRI 0o B XA BT RE R

il X AR IC B SR o B AT RS A B
St MR ALBR R 5 TAE G A bR RAEL b TAE,
T, AU 2 3 B AR o T R R
£ SR e KL R S W A 2l Y 2 A s v U
HEAT EMGAL B, FF AR IR AR bR P (uy, v,) o SR
JEHEE G« WA ShAx BE B, TR FRIC A TE
JEAHALALEES P | A AL RS 7 2R AT RS R 4
FEARBUEMG AL bR P (uy,v,) , B P P/ A A
X HE A R AR AR R 51 AR bR R 2Z 8] D
1k

—, (Av‘j (2
oy, = arctan A—ul )
K Au, Ao HEGAEIRR T PP WS IR Ak

FR%.

g S WL o 300 kA R D 458 2 G 1)
B TR 5 IR F 5 I, B TR A F AR
T2 6] 6 5 e T A1, 75 7 e 3h
WA IS T S A R . B %, W
BRI FO R ARHR (e, 0,) , BRI A A
FURR A5 A 52 3 AR i A, o SRy 007 1 B
ENBEES AN Av, Ay, . BCASBRASH ST P25 i
17, B SRR AT 3 AT 3R B B8 Al T4 £ A
ESIREN

Ax t 1 _Sinﬁ)’tOJ’[ 0 Axlo
Ay [=]0 cosB, 0 Ay 10 (3)
AZ L 0 0 1 AZ to

ﬁ¢ﬁwﬁﬁﬁ%ﬁ§51¢é%ﬁ%zmm
T ff1 3 A, BT Ay RTE TAE & A bR R T M & AT
B,

HIR B TAE G A b 22 4 2 PR Ak s
ESiINNY

Au,, cosay, sina, 0 Ax,

Av,, |=| —sina; ,  cosa, . 0|4y, (4)
0 0 0 1JL O
PRI, B A bR s 7E R AL b R R H:
AAXF PR B A5 B
Au', /P, 0 0][Au,
Av', ={ 0 /P, 0 {Avm} (5)
0 0 0 1 0

Xrh P, P ONARDLREE,

H(5) B85 8 (Aw', , Av',) SFRIC S AL bR
(u,,v,) FIZE(E BN 7E R A AR 2R T RFAIE 2 A 8]
BAER

- 192 -

u, u, Au',,
0 0 0

M RERS AR5 H AR Z A SRS W7 [7]—-F- 1
AR BR AT, R AR RE B A B AR R T,
PR 5 o« Bl Ly il B IS S Az

(6)

Ax, —cosy, —sinyU_A[ 0 Au’,,
Ay, |=| =siny,,,  cosy,, 0| A",
1 0 0 1 0

(7)

Ky, WEBARR 2R 5 TR G AR AR &R 2Z 1] B9 i
1, bR E bR E AT AR

R A S e R A o Sk 55 B A2 0 22 1) ) AR RS R
BN Ax, FAy, AL 88 Nz 3z 3 2= 55 i
DR, AT A H AR sy S 2R R Sk 5 o 4 B A 22 T
R T B 5 iy

Ax=Ax, +Ax,
Ay:AYJ, +Ay,

T G HEAT R B B i A Bl
i HARFAH% 3 =48 AL S, B Pl 4% AR F8 A
T 58 RO ZEAF R BT AR
2.3 REMTHHFIERHEE

R AR T AT 5 AR IC AL 2 [ A A X B
BT AR B E AR F AT, W) 2.2 Pk D BR, h
ST HLBRE % 5l 22 B C DX 58 SR B e ARl

TESEIL 2 77 1) 0 A0 58 AL, &1 MUBUE
Ko 28 x D5 1) 3R R s BEJR | A S 57 2R R B Sk £h
PRI AR 155 SR L% A 3l 2= 200 IX
7R TR IR UETE SR BUIRZS N Z A 4 240 T4
PSR Z N, &l 5 Fiw

(8)

FAHCRAT
e FIt

- RICA

z S % g
OL%fﬁﬁé |

KATHUE A2 B 2 o 7 185 A7 A o 28 25
ZERGMR, —FIR IRz S R A i 22 , i TR BOIR
BT RS bR 50T [ SR A DL Y, IF

NS e HCAR X B S A A, 53 b —Fh 2 ALK
T D iz sl K 9 i 22, ml R 2.2 49 BT ik i 7



- HLBRARA -

FREF - BRI 0o B XA BT RE R

LARETTE,E y0z TN, W 6 y TR Ay, BE
B, 3 I ST e PRiC Y AT G R A KR
AR 22 5 B AR R Z [ ) D £
B Au, - Py
B, = arccos( Ay j (9)
AL (8) AT AR L A5 18 BOR ST Z A
TE y J7 Ta A B oy
Ay,= _SiUBUJ,Audc (10)
P Aw,, ARHUARIREARIC A S U T AEX R
) L, S HUAE R RS B 2y T 1] 45 %€ 1 1R
HARIC YRR R0 0 AT — i i LR
IR 7E & 7 T) (R ARDRT ] B 2 1717 ff 2 4 BBCHR
BT EMAE xOy VTN RO E w2 . BT HSGHR
FERIARIC K5 Z A H R CE AL Z 8] /Y [ 7€ fn 7%
i, RGN B RAMETRE , BB H AT A
I A RS RIS A0 A A X A LR
B, B LS NI BT 10 N AT, A e UE
ARG 2R I
2.4 FFERAITHIGE
DERUE IR IC AR K AL SE RGN 5 % AT AT
PE, DA B8 BEAE I G, R 2388 AL
B AP GRS, B RS BRI i BE T
FHI IR Ny 25.999 mm SR I LB AER% &
IR HEATIRR R, G Al 6 iR, SRS BRAERLEN
I ERBEd B a1 2 Kobnic s B AE
FAHLALES Y, SRAE BT AR BB ARA AR T s
Je R B BE AG DN 7 3 AT AR e BLA R 1 AR 2 1Y
AHXTRE RS ELLHEAT 5 US4 30 00 A A A
k1 FiR,

[T X
| Jwon =5 @

6 SEIAIK

F1 FMOENESENER

Fe AHXTEE B2/ mm PR2Z/ wm
1 25.984 15
2 25.994 5
3 26.010 11
4 25.990 9
5 26.013 14

R R 25 2R AT SR AR m R A i J7 X
Xt e He 5 B AR AT A5 ), A R A R 22
15 wm , AT FH A UBRCE 46 Bl S AR ey SR 5 Il
RIRERKRIYS

3 BRERIBSER

3.1 RUMNAGEERES
B 7 ARSI S s B B, HAR
ST SR BT RS IRTT R R LA
FEJXF I 7 B, 25 ZAEZ TR IR 7 a4z
N R i b

LRI SEIRTTAE

R C
g oy

| /
5 =
1

sl
REHEE

x

B7 AHFEEHEREERSE

AR ALE D BE S 2 B AT 55 oK, HBE I oK
e

1) 2% Z 1 Z 6] R HYBORS 42 1 7 =ChA T ] 5 1
£/ i e LW SRVl B2 | P A A AR

2) IR TR 2 BHSIR , Bk 5 ik 5L 88— 1
Y1 e B PIAR 5] 2 SRR DG I OT
P02 i AR 5 % T RSP AE 1 mm {5
P, 5 Ak R AR A 2 T RO 0K

3) A FEMAE B IR ZE R KA I 40 pm,
32 RUNBHBIMLERER

BEHLIEHR 10 25 R 25 0 & 1 7E B mUHLAMUE 119
oy B A BB R G HEAT A SIS0, 2T
VRV 25 0 5 AT 2 L 2 22 A I, i SR & A 1Y
SEPRASHL IR 22 SR 45 RN R 2 fi

F2 GtHBAHREIRE  BEA:pm
HfF S5t ST JGEITHE

R PRI WERY KRR
x y x y x
1 352 359 2211 35.6 24.2
2 242 258 164  29.8 27.5
3 364 356 202 375 23.6
4 15.6 37.8 19.5 39.6 12.3
5 24.3 23.7 18.5 38.4 29.6
6 12.3 267 214 363 18.5
7 9.7 14.4 24.5 25.8 15.2
8 11.3 13.4 214 243 25.4
9 23.5 29.7 16.6 15.6 14.5
10 356 35.6 14.1 34.5 27.2

- 193 -



- HLBRARA -

FREF - BRI 0o B XA BT RE R

THRAS RN AE SR T « I Ly J7
i) 25 i RS 22 fc kM 36.4 um A1 37.8 um s Y HE
FRWTTHEAE « J7 18]y J7 1) 26 B RO i 22 e KR
24.5 pm F139.6 pum; JEIETTHF & J7 1) 2 i R ST i
ZI K N29.6 wm,, 45 TG1HE T 45 R 450 5 2 R e
PR,

4 g

AR SCHE BB (9 R 35 R S5 3 & 1Y e kG B
HAZS G S T AR RUHURRUE B9 70 5 2R TRURS 5 L
BEWCARGE BT TR E A T AT S 0 B
W), HEoR S v S 48 e TR A S | Lt IO A [] 36 P
155 o EERTHLIE 12 B3 23 0w 22 3 AR 5 D) it —
e TR H bR A2 TA]RH X B 2 AR AL AL R
AR, 3R T AR KR K AL A I T vk
TR I AU 12 3l D 22, O LABR I A5 R Jk
HEARIRH 5 s Z TR AR R R 85 AT 51 58l i &
HATIZAAME . FE T2 BRI R SR R N
PEATRIE , 25 F A FL iR 22 e KA i 40 pom, 5
INBETC A A JEE B[R] N i v T R C AR, R i 2k
4 H St i AR A S R A4 T B A
BT
[1] Du K,Liu M F, Wang T, et al. Recent progress in ICF

target fabrication at RCLF[ J]. Matter and Radiation at

Extremes,2018,3(3) :135-144.
[2] sRaHE, VLA, BP0 R, A5, S X iR 22 X AL AR

A E AR BERZ A [ )], [ B R 2R 4, 2014,
36(6) :185-190.

(3] Mk DU, T[] f3 /N4 1 5 85 2R TC 19 2% s 5 Pl e A
ARG RBEBORIIFE[ D] KEE: KRS, 2023.

[4] Shao C, Ye X, Qian J H, et al. Robotic precision
assembly system for microstructures [ J]. Proceedings of
the Institution of Mechanical Engineers,Part I;Journal of
Systems and Control Engineering, 2020, 234 ( 8 ).
948-958.

[5] Wang F J,Shi B C,Huo Z C,et al. Design and control of
a spatial

micromanipulator inspired by deployable

structure [ J ]. IEEE Transactions on Industrial
Electronics,2022,69( 1) :971-979.

[6] Ma Y Q,Du K, Zhou D F, et al. Automatic precision
robot assembly system with microscopic vision and force
sensor [ J |. International Journal of Advanced Robotic
Systems ,2019,16(3) :1729881419851619.

[7] Shi B C,Wang F J,Han C C,et al. Design of a precise
positioning stage actuated by a double—layer stick —slip
actuator used for precise assembly[ J]. Mechanism and
Machine Theory,2023,185.105336.

[8] Chang W C,Wu C H. Hand—eye coordination for robotic
assembly tasks[ J]. International Journal of Automation
and Smart Technology,2012,2(4) :301-308.

(9] EWeAR, AN ARAE, 5. TS e e e 2 &
ENL[T]. St K LAE,2023,31(19) :2857-2866.

i B HE:2024 - 04 - 10

J\VAVAVIVIVAVAVAVAVIVIVAVAVAVIVIVIVAVAVIVIVIVAVIVIVIVIVAVAVAVIVIVIVAVAIVIVIVAVAVIVIVIVIVAVAIVIVIVAVAVAVIVIVIVAVAVIVIVIVAVAVIVIVAVAVAVIVIVIVAVAVIVIVIVAVAVIVIVIVIVAVIVIVIV AV VAV VAV IV Y

(£ 151 7T)
[6] Shi X J,Zhang F M,Qu X H,et al. An online real—time
path compensation system for industrial robots based on

laser tracker [ J ]. International Journal of Advanced

Robotic Systems,2016,13(5) :1729881416663366.

[7] Ulrich T, Trgenfried S. Uncertainty estimation for
kinematic laser tracker measurements incorporating the
control information of an industrial robot [ C ]//2014
International Conference on Indoor Positioning and
Indoor Navigation ( IPIN). Busan, Korea; IEEE, 2014,
68-76.

[8] Ying Z W,Zhu H R. Mechanism analysis of influence of
shafting error on laser tracker [ C ]//14th National
Conference on Laser Technology and Optoelectronics
(LTO 2019). Shanghai,China:SPIE,2019; 148.

[9] Zhang Z L.,Lao D B,Dong D F,et al. Geometric error
detection and calibration in laser trackers [ J]. 2015
International Conference on Optical Instruments and

Technology : Optoelectronic Measurement Technology and

- 194 -

Systems,2015,9623.:96230G.

[10] Conte J, Majarena A C, Acero R, et al. Performance
evaluation of laser tracker kinematic models and
parameter identification[ J]. The International Journal of
Advanced Manufacturing Technology, 2015,77 (5/6/7/8) .
1353-13¢4.

[11] BRfR. TolALEs N T RS RER € L[], MLRAE
£.,2022(16) :58-63.

[12] FMS € S FRE, 5 T2 EAEHIS M =
B 5 JUMR 22 R LA S RAHPE A [ 7). BLBRIRE T
5W5%,2020,36(4) :108-112,117.

[13] Zhao J L,Liu Y, Li Q L. Research on error synthetical
modeling of multi—functional composite five—axis CNC

[ C ]//72016 1EEE

Conference on Mechatronics and Automation. Harbin,

China.IEEE,;2016.1814-1821.

machine tool International

s B H5:2024 - 03— 12



