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Research on detection method of precision
assembly position based on line structured light

GUO Wen-tao' ,WANG Yu-liang' ,LIAN Zhao-xin' ,ZHANG Qiang’, LI Li’, WANG Meng-yin’
(1. Robotics Institute,School of Mechanical Engineering and Automation, Beihang University,

Beijing 100191, China;2. Beijing Institute of Control Engineering,Beijing 100094 , China )

Abstract: Precision assembly position detection includes orientation error detection and positioning error detection. In
actual production, precision component assembly lacks an adaptive detection method and often requires a large amount
of manual investment. Aiming at the problems of low efficiency and poor accuracy in traditional precision assembly po-
sition detection,a machine vision position detection method based on line structured light is proposed. Through line
structured light, the depth characteristics of the tested part are provided ; by translating and rotating the tested assembly
parts , the image scanning of the assembly area is completed. This paper mainly introduces the application of wire
structured light in the detection of conductive slip ring brush wire pairs. The experimental results show that compared
with the traditional manual detection,the accuracy of the method is guaranteed,and the detection efficiency is signifi-
cantly improved.
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= SRR AR AR . REM A EE T2
RSP IR B AT N A B AEIGARE Try  ICR R IE SRIRE EE2 A E AT

ESWB : [{K ARBARE T IIIH (No. 51775028 ) ; JL AT A ARk 223 400 H (No. 3182022) BB .
PEZ B A1 : [ESCHE (1998 =), 5, ABIAE , ERHEFTTT 1) A N . E-mail :470701250@ qq. com

BIEE : EE50(1980 - ), 55 Tlick:, o8z, 2005 100 0 Bl b oK I R ol Bl i i 22, e 4% E-mail ; wan-

gyuliang@ buaa. edu. cn

%5 H #7:2020-07-14 ;&7 H #7 :2020-09-03



Bt 5 44 No.6 2021

FEISCRARE BT ARAS A AR 2 e o A D 5 A 09 721

1 19 {11 2 i, 0E T 5% ok 3010 7 LAY AR
BN o DRI R A7 A R A ARG B
TR AR LRI A BUB ] 3 A 7 v A e
77 3 S LR 1 ot G B, LA ) 15
Ho— 3l AR A % T A 20 B iR
FEPRIR 1B G5 2 A 0 T A, 1 0 Kl 7 Bt T
ARR EHL TR B S RS, RS
R 52 8 , Toie e 1 198 WLEE 0 2 el D S folc i 25
TH AR 2L R TR 4 7 T PR A v
V2% TS SRR T 45 ) L, AR 58 4 2 LA
ATl A 72 1 2 R ok = A A I 0
Iz, = A ARIR LT LSS A A Rl R S AT fir
NFENTHE SR, (R LR A LA B R, B R
22100 T = e R R R 09 R O AR
VRS T AR A ) R T A T A, (E A7 3R
BT, M i A R — T WL
RHAR T ST WA 9 TLART R B 4 4 B £ 5
B LOEEE SR, BiDEH T2 SR AR S0t
FiAR PRG AL P AR 5 AR 2 1 R O — 1, 2
6 HLLHL LG SRS I R S, FLA A i
S PEBR A A B LA R AR A B A
RGN H 2502, KPR SE B T3 T i@
23 1) B e R B L B AG, He dmv e L A
O FAHL RS RE AR S LT 5 L 9 R TR 1 2
37 BRI | DL B o 2 B 2 B T S0 B 0
AL E R T T R A T
UGB TC R, 13 J7 AT M L 5 AR R 43 B
Fi P B0, G v S B o 11 €0, B b TS — R IRE 4 £
B A, 532 BN A 1 B R G i R 2
ARSI T A IR T R 2 T O T
655 AR 5 1T 2 A R AR T ok 3 B 1 3 T A
B S GE ARG H R R Y S Bk T
LR A5 G B LSE D HE R G ST R R G = e
i o HRHE I 5 S8 A AT LA S B RT B R A 5 9 4
BT X Ay i P O AR A RORAT R
R 7 A LA SIE 9 1) S, 4 1 — b 0 Tk 45 M9
VR RE LB R I 7 3, (8 G AL — R AL B AR A
BB A, 51 L 254 6 A H A% 19 25 Al
JLARIA B 5 28 0 B AR BOTR JE  20 S 2 T A
F A 2 2 4 BB

7 S 36 BT FL 9 B ) 22 6F o G A R TF 5T %

G, HIUSMIAN I 1 (a) iz, FACf 15 S A 3 26
) 225 < o S ) 1A J3E A7 R A, LR
HRCR BT E T He il FLAE A ) P2 S RO T 3R
TARRCR Y o R 4 B R B B AEO. 5 ~
5 mm' > R 2Z AR 0.2 mm , X H RGN R )
JriBAT 10 pum DL E ARSI 3 B AR 2 — ST £
TR AT O B A

SRR 2 F

m\-lw ‘{’. "l|" UL U N

U

-1 000 pm

C b)eER

() AR

B SHEHII

Fig. 1 The appearance of conductive slip ring
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Fig. 2 Line structured light imaging process
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Fig. 3 Main operations of image processing
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Fig. 4 Multi-point scanning measurement

4 KBHSH

ASCHERRFE RS 2 0.5 mm (1) 5 B i IR EA T
R, TR A BZR B ol A7 AL (MC3010, Mikro-
tron , 7 [ ) £5 WE R 22 800 PO A% B B B 4, TR R
ARERRGE R 2 pm x2 wm, 52 PR Dell, Du-
al-Xeon-E5 b £%,16 GB NAE, A4 355 MAT-
LAB R2015a, #RH 2 s 4594l B8 i, ok 1% L e
eI IR R 3z 3 05 58, 23 5l T - 8% 6 R E
Z\E e RT3 R s 58 . B 5 (a) (b)) NPiFHH
T RERPAT B AR S () 9 B B
NI BRI g5 R, WA B 20 x, 1]
I HI LR B K6 MR ZMmA
T HA N B E BRI 45

XTI RS, LA HER N 3.2 pum/pixel, B
x JOT I Y BN BEAE N 3.2 pmy X TEREITE,
y 7 0 T 78 G0z g b i /Ny FEAE N 20 wm;
XF T i 2 R e B A, I 20 BE P A B g3 B A
1 mm, W ZE 5,y T 23 BB 312.5 um, X
TR 5,58 y T o3 FEAE R T 3 % & Jr 1) 4y
JEARL, WX T AU A, AT LA H -

(a)F# (o) Fahftiil

7516
—— AL
S L2
1200 = -
900 |+
g
= 600
g
Y R ESE | HEISE:
0 ﬁ e
40 0 40 40 0 40 40 0 40
xffi/um xffi/pum xffi/um
() ¥ (b) lig#% (o) T3k
FS SPATRERGIN SR
Fig. 5 Result of parallelism detection
25
-
20 i
£ ERZENEY
WS
K
i
i 10
&
5 \/

0 300 600 900 1200
xfll/um

6 i E RG4S R

Fig. 6 Result of position detection

u(b,) /r* -1
b, - n-2 (12)
u(b,) = JX:Z.W%) (13)

Hor,w (b)), u(hy) HILEHE by, by PIAHERE;
AR R, M RT TS PO 58P AT BE R 22 MR R
PE R ATE L .

F1G T =MITRT, SRR — X 22 R
RS AR DUIARI ¢ SPATREIRZE AP Rl KA B
AQ,.o PTLVE R, SR ERE 2 A4 J7 15 5 bR
SERWY IR AT S5, BERS I AL R 20 R A

x1 MELEXR

Tab. 1 Result of measurement

215 /s AP/ (°) AQ,./ pm

e 0.9~1.2 1.2+0.1 22+3

Tkt 0.9~1.2 1.120.1 22 +3
Tl >60 1.3 24




Bt 5 44 No.6 2021

FEISCRARE BT ARAS A AR 2 e o A D 5 A 09

725

5 & iF

A SO PR A M e A W] 3T ) g Ry
R TEEMR AL BRGNS R b S5 G s &
SOEEE Pres IR PUNC S £ S e x kI ERIE3UW LN LB
B S TR R M Y B S BRI . AR S
B et iGN 28 56 1] B 80, AR T N T 2R i
PRI, R4S T A RECRIEIOR A 13 o 5K
BB W], AR S B A 7 v AR , AT A3 D e
BeHr i 2 BRI, 72 B 20 gt A BRI | B A T
3 SV 15 = 1 L NS S VA R R (Y & RSV €2
TEAJRZAL Ry T 32 5 RO 32 B X - Th A 2
AR, ANBEFEAT = 47 B A ; 5 H AHBLTE X A
R RS OUR RN Z 0, AN BE O B o7 B P 1E 1Y) 42
o ARS8 3 i AR H FHAILF G- T bR, AT LA
B SCOT I IE I .

SE 3k

[1] Wu Weitao,Zhang Yuzhong, Lu Bo. The analysis of rela-
tions among dimensional tolerances and geometric toler-
ances| J |. Internal Combustion Engine & Parts, 2018,
(22) :58 —60. (in Chinese)

5 D0 KBS, TP RS 22 ML 23 22 2Z [] 1) 5%
F L] WERPLS BT, 2018, (22) :58 —60.

[2] Qu Huangyi,Liu Ranhui, Luan Hengxuan. Recognition of
machining position of mechanical parts based on shape
and position feature [ J]. Science Technology and Engi-
neering,2019,19(26) ;276 —282. (in Chinese)
fih Sz, XUSR A, 28 5 H. HE T IR IE A ML Z 4
THAEERMT]. B#HEAR S T, 2019,19(26)
276 —282.

[3] Fang Qiang. External thread shape and position tolerance
measurement technology [ J ]. Shandong Industrial Tech-
nology ,2018, (10) :27. (in Chinese)

Jr . SMBBOE AL A 22 M BRI ] IR TR,
2018,(10) :27.

[4] Meng Hao. Research and application on the non-contact
size inspection method of parts based on CCD[ D]. Nan-
jing: Nanjing University of Information Science and Tech-
nology,2014. (in Chinese)

il 2T CCD M ARRE A RN 5 3 i e 45
BLHALD]. Bat: B AU fE B TR, 2014

[5] Yang Bo. Research on error control of product quality in-
spection| J . Science & Technology Information,2017,15
(15) :132,134. (in Chinese)

T 7 it o A 6 4 % 28 R WE ST [T ] BHEEREIR,,

[6]

(7]

(9]

[10]

[11]

[12]

2017,15(15) :132,134.

Guo Jianfen, Qin Zhenming, Xu Jingli, et al. Application
of three-coordinate measurement in product quality in-
spection[ J |. Machinery,2019,57(11) :89 - 92. (in Chi-
nese )

FRATY, Z U], AR IR, A = A b I R 7E 7
R g e LT ] MU 3 ,2019,57 (11) -89 -92.
Liu Huagang, Li Keqing, Hao Ruican. Virtual assembly
inspection of mold parts based on 3D scanning technology
[J]. Engineering Plastics Application,2016,44(6) .80 -
83. (in Chinese)

XN, Bl S He T = A HOR R
PR TCRE I [ J]. T A %0k, 2016,44(6) - 80
-83.

Zhu Zhengtao. Research on key technology of precision
measurement based on computer vision image[ D ]. Guan-
gzhou ; South China University of Technology, 2004. (in
Chinese)

R BT IR ALILAE RGOS B 0 B 10 G S AR WF
FELD]. )M A FE TR, 2004,

Zhang Wei. Development of machine vision and its indus-
trial applications[ J]. Infrared ,2006,27(2) :11 —=17. (in
Chinese)

E VSR o2 N 5 N o A E IR AN
2006,27(2) .11 -17.

Jiang Peng, Yang Xiao, Xi Juntong. Technology research
and system development of on-machine measurement for
slip ring based on machine vision[ J]. Modular Machine
Tool & Automatic Manufacturing Technique, 2017, (3) .
74 -76,79. (in Chinese)

TEIS A 1, ~J 0. 5 F 1 PR AE ML 5 0 4 B AR BIF 5
HRGI K] AatURS B 3o THoR, 2017,
(3):74 -76,79.

Dong Fangkai, Zheng Zhizhen, Yuan Shaofei, et al. Re-
search and development of micro-slot position detection
system for conductive slip surface based on machine vi-
sion[ J]. Manufacturing Technology & Machine Tool ,2018
(4):126 —130. (in Chinese)
7L, AR T, K, A ST LA LT A9 5 L
PR O L EAS I R G R [T ] AR S LR,
2018(4) :126 - 130.

Cheng Pengle. Micro-parts vision inspection technique for
assembly[ J . Journal of Electronic Measurement and In-
strument ,2013,27(2) :151 —155. (in Chinese)

FEATAR. 1) 2 BE A B N R AL e R I HAR [T ]
FINE SR 2A) ,2013,27(2) <151 - 155.

Wan Ziping, Ma Lisha, Chen Ming, et al. Parts contour

size measurement system based on machine vision[J].



726

5 RS AN

w51k

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Microcontrollers & Embedded Systems, 2017, 17 (12):
32 -34,58. (in Chinese)

F7F, i v, BRB, 2. AL E L 5E 9 22 1R 52 5 RO
M Rge vt (1] Pl S iR ARG, 2017,
17(12) .32 -34,58.

R Xiang, W H He, X N Zhang, et al. Size measurement
based on a two-camera machine vision system for the bay-
onets of automobile brake pads[]J]. Measurement, 2018,
122,106 - 116.

G F Xiao,Y T Li,Q X Xia,et al. Research on the on-line
dimensional accuracy measurement method of conical
spun workpieces based on machine vision technology[ J].
Measurement ,2019,148 . 106881.

C Zhang,J L Zhang. On - line tool wear measurement for
ballend milling cutter based on machine vision[ J ]. Com-
puters in Industry,2013,64(6) ;708 —719.

Su Xuming, Fang Chenggang, Hong Rongjing, et al. Two-
dimensional precision measuring system based on machine
vision[ J]. Tool Engineering,2019,53(12):92 -96. (in
Chinese )

SEFFH, J7 BN, Ut o i, A SR T LA LD 9 ARG
wMERLG[)]. THEBA,2019,53(12) :92 - 96.
Chen Sihao, Yu Zhen, Wang Zhongren. Research on three-
dimensional visual fillet weld positioning system based on
structured light [ J]. Laser & Infrared, 2019,49 (3):
303 —-308. (in Chinese)

WRIESE , A, E g, T 4500t = 4E 050 #f AR 4% i
L& G W E5E [T ] 0Ot 5 4041, 2019, 49 (3) .
303 -308.

Li Guannan. Spur gear profile measurement based on
structured light system [ D ]. Changchun; Jilin University,
2014. (in Chinese)

ZRTREA. T UAT B AT 0 ¥ T 2 AT G 1) 4 A S A o T
FARID]. KA K2 ,2014.

Li Hongwei. Research on key techniques of structured
light 3 — D measurement[ D |. Harbin ; Harbin Engineering
University ,2006. (in Chinese)

PR R =R OGRS [ D] iR
I I R U LA R % ,2006.

Yang Lihong. Research on conductive slip ring technology
[J]. Public Communication of Science & Technology,
2012,(6) :45,50. (in Chinese)

WFILL. oM R B[], BHE A HR, 2012,
(6) :45,50.

301 Ministry of Aerospace Industry. HB 6217 - 1989,
Conductive slip ring for platform[ S]. Beijing; Ministry of

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Aerospace Industry,1989. (in Chinese)
MR Lol #8 = O—fF. HB 6217 - 1989, *F-& A&
R ERLS ] LAt AT as AR Dol Ak, 1989.

Liao Qiang,Zhou Yi,Mi Lin,et al. Application of machine
vision in precision measurement[ J]. Journal of Chongqing
University ; Natural Science Edition,2002,25(6):1 —4.
(in Chinese)

i, L, Kk, S5 BIL s L5 7RG 5 I A b i 1
[J] EROR A4 A AR PR, 2002,25(6) 1 -4,
Zhang Yang. Research on structure principle and key
technologies of visual properties for bionic eye[ D]. Hang-
zhou ; Zhejiang University,2011. (in Chinese)

TR FH. 7 IR B 45 F4 SR E A A S B R B E [ D] At
M #2011

Fan Jianying. Research on acquisition processing and 3D
reconstruction for structured light range image[ D]. Har-
bin: Harbin University of Science and Technology,2010.
(in Chinese)

TLEITE. ZEH TR P 5 AR ORI b P = Ak T A BF 5
[D]. MR M /R EHE T K2, 2010.

Xu Wanyang,Liu Yanjie, Li Pan,et al. Application of vi-
sion-linear structured light's combination in track detec-
tion[ J]. Laser & Infrared,2018,48 (10):1218 - 1222.
(in Chinese)

VT XA, 2500, 45 LG - R4S HOL 4L & B0k
TERUER I PN ]. Ot 54141,2018,48(10)
1218 - 1222.

X Z Guo,Z Y Shi,B Yu,et al. 3D measurement of gears
based on a line structured light sensor[ J ]. Precision En-
gineering ,2020,61:160 - 169.

Shao Xinjie, Ding Chao, Song Bin, et al. A method for
depth detection of gun barrel rifling based on structural
light[ J]. Laser & Infrared,2019,49(2):170 — 175. (in
Chinese)

AREAS, T, R, 5. BT 450 0 Y KO B A8 Ji 2%
BRIk [T]. WOt 5404, 2019,49 (2) 170
-175.

7Y Zhang. Camera calibration with one-dimensional ob-
jects[ J]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence ,2004,26(7) :892 —899.

Bo Chaowang, Yang Zhihong, Wang Linbo, et al. Review
and outlook of dimensional engineering[ J]. Computer In-
tegrated Manufacturing Systems,2014,20(3) .464 —470.
(in Chinese)

FHINE AGE R, B, % RO TREARGE 5 R
B R PSR & R 58 ,2014,20(3) 1464 - 470.



