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Research on measurement method of multi-circular arc
symmetrical parts based on machine vision
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Abstract: In the actual industrial production, there are more and more demands for the dimension measurement of
parts with multi-circular arc symmetry. However , most of the traditional contact measurement methods have some short-
comings such as unstable measuring accuracy,easy to damage parts and low efficiency. Therefore , based on the princi-
ple of non-contact measurement of machine vision, this paper firstly builds a dual telecentric machine vision measure-
ment system to collect effective part images. Then, the sub-pixel edge detection algorithm is used to extract the sub-
pixel edge of the image,combined with the least square method and the custom Halcon operator of the multi-circular
arc fitting of the internal tangent circle ,the precision measurement of the multi-circular arc symmetric parts is finally
realized. To verify the effectiveness of the designed system,the stability and repeatability of the inner sleeve of a ball-
cage coupling are measured. The experimental results show that the measuring precision of the system can reach
0.01 mm,and the measuring process is fast and stable.
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Fig. 1 The inner sleeve of a ball-cage coupling
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Tab. 1 Measure items and standard requirements
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Fig. 2 Hardware composition of vision measurement system

B 2 v g B I 2 R e ) B — 2L G
AP ELAR G A () EL AR S S PR R T oK, AT A
PRV, AR AT K B v I A B L B R R T BB
s N A SCAT BTN i R Gk ] — 1R &
R B T ek AIHL GRS R B B T A
L2 B 8 T A ISP AT A DR ) A R T
ik R RER K

[, oA T A IEAL G5k A 25, ARAS S0
TR FNSUGHE B, A it 2 48 2R F 1 =l g3 XF -
SMDTO. 06X40 BRIt 0 Bi k. &5 ¥ 38 5 Sk 4 Lb
HEBRZNS BA RGO BN, TTF
PR ZE SRR EE R AR 5N 0. 04 % ;15—
(YRR L Y, G A TR A A 23 Rl HE 1) A2 4k
([T A

BEAI , YU ) A AT Tt R e 2R 456 1 —
K, WP EIR AT U B hrfs B 55 55 A
138 B, KROKBRAIG G 2 G b B 1 40 51 R
PRI , [ ol S R i AR 8 P o I ek, ()
RGN FEE ML SRR EIR T . At
LRI, B 2R RGOSk 5 %2 I L TR



Bt 5 44 No.9 2021

M MRAE ST HLE LA Y 22 [ TG AR 2 PRI T k05 1151

R G LR AT JEIRAR B A Y BB, W]
R IR 2%, 35 R AR S TEFIRE L
2.2 WwMERFRMEI

AR UEI R R SEREN = R HERA b TAF PR
A KRR R G R SERE b R T BT AR R A R &R
4t. ASCAEB) Haleon BURBLWE , JF R T —8& 4
A, R P B E SN 3 s

EEE
E RN
o
i <1

EEE:

EASD
101842301171

1BNE8: [pk2400-120m L T B%: [5399 NN Fikis
(Bnsn: (21028507 St — i 180 EERR L

B3 M R GRS

Fig. 3 User interface of measuring system software
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Fig. 4 Hardware and software structure diagram
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Fig. 5 The pixel edge corresponds to the sub-pixel edge
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Fig. 8 The contour image after fitting
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Tab.2 Measurement results of stability assessment

@ 102 @ 102 ®102 | 7384 | ®73.8 4
e |SNEER/ | SNE | ANEIS P | IIEEAR | THIES © 102
mm B pEREFEAE] mm NEIEEES

1 101. 8742 | 0.9997 0. 0886 73.7363 0. 0639

2 101. 8757 | 0.9997 0. 0901 73.7356 0. 0647

3 101. 8739 | 0.9997 0. 0887 73.7376 0. 0657

4 101. 8752 | 0.9997 0. 0899 73.7373 0. 0636

5 101. 8736 | 0.9997 0. 0898 73.7393 0. 0639

6 101.8746 | 0.9997 0. 0892 73.7367 0. 0634
FrERZE|  0.0007 0 0. 0006 0. 0012 0. 0008
BORiRZE 0.0021 0 0. 0015 0.0037 0. 0023
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Tab. 3 Measurement results of repeated accuracy
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mm 1215 W i 115 mm NEIEEES
1 101.8733 | 0.9997 | 0.0814 73.739%4 0.0628

2 101. 8777 | 0.9997 0.0788 73.7379 0. 0596

3 101.8762 | 0.9997 0. 0787 73.7312 0. 0607

4 101. 8745 | 0.9997 0.0799 73.7336 0.0617

5 101. 8792 | 0.9997 0.0778 73.7398 0.0573

6 101.8718 | 0.9997 0.0792 73.7353 0.0616

FREMZE  0.0025 0 0.0011 0. 0031 0.0018

HEBE 0.0074

HIZE 3 AT, YA R AT, E A I i A

0 0. 0036 0. 0086 0. 0055

MR ZE R TR &, (HARIR/N , R BH R G fa e \nl
B IR RGNS, © 73. 8 HMNEE HIR R KE N

73.7398 mm, H/ME N 73.7312 mm, M iR ZE N
0.0086 mm, A1 H i 8 & I iRk 2= /N T
0. 009 mm, #2548 I &4 B2 7] 35 0. 01 mm, 5 2 )
R TR, BeAb, T B S R i R S
Gy &1y = o N R 1= 8



1154

5 RS AN

w51k

5 & iF

(D) ASCHE T —Fp 3 T WL L8 1Y 22 (5 9106
FREM RSP 7, Wit T — & — SRR &
R, 08 TGk ER s N B 5 X %
FGE A Ao AR o PR RS T BORS
PR EK

(2) ARSCArHT T Tk A 1% F Y Halcon 3125
R AR R N G 50 AU S B, I % fe /N — 3¢
LA BRI T T ik

() ASCEE N T 2 B UG N U IE  k, OF
DA Ry 5Ll A T Haleon Bt 1 480G 9 DI [ 1Y)
B SO T T R A v U T2

BA Z2 B0 FREAF A0 5 0 1

S 30k :

[1] Li Zhichao. Research on measurement technology of hole
group diameters based on machine vision[ D]. Jilin; Jilin
University,2017. (in Chinese)

R BT LA BRI SBR[ D]
TR T MO, 2017.

[2] Malamas E N, Petrakis E G M, Zervakis M, et al. A sur-
vey on industrial vision systems, applications and tools
[J]. Image & Vision Computing,2003,21(2) ;171 - 188

[3] Hong Yun. Research on the method of measuring the pla-
nar geometry of parts based on computer vision [ D ].
Shanghai ; Donghua University,2017. (in Chinese)

Hhig. BET ISR ) 2 187 L] RO 0 4 5 12
BIWFFEL D] B AR, 2017.

[4] Dong Fuqiang. Research on the system of precise dimen-
sion measurement for mechanical parts contour based on
machine vision[ D ]. Tianjin; Tianjin University of Science
& Technology 2014. (in Chinese)

O BT AL DLTE A Z R H8 5 RO R I
Eﬁﬂ[ LR R AR R ,2014.

[5] Gao Panpan. Research on three-dimensional measurement

ARG

technology based on bi-telecentric system[ D ]. Guangzhou:
South China University of Technology,2016. (in Chinese)

L6]

(7]

(8]

(9]

[10]

[11]

e Ry TR O R G = eI
N AR B TR, 2016.
Xie Li, Yang Le,He Yong. Machine vision application in

HARBIFEID]. ™

precision mould breakage detection system[ J]. Manufac-
turing Automation,2013,35(11):70 —72,76. (in Chi-
nese )

R B2 T 55 LA DL KT A L B ARG 2R 4
gL ]. i3 ol A 34k, 2013,35 (11) : 70 -
72,76.

Zhang Z. A flexible new technique for camera calibration
[J]. IEEE Transactions on Pattern Analysis & Machine
Intelligence ,2000,22(11) ;1330 - 1334.

Yang Bingbing. Study on sub-pixel image edge detection
method [ D . Dalian: Dalian University of Technology,
2015. (in Chinese)

Baete. WARR BB A I J7 L5 [ D
B TR ,2015.

Tang Song, Yang Qihua, Liu Ganghai. Valve core size sub-

RPN IPN

pixel measurement based on Halcon[ J]. Computer Engi-
neering and Applications, 2017,53 (3):237 - 241. (in
Chinese )

FERS M AR, XIRIE. 25T Halcon [ R R AR &
e & [T]. B AL RS N, 2017, 53 (3):
237 -241.

Steger C, Ulrich M, Wiedemann C. Machine vision algo-
rithms and applications, second edition [ M ]. Beijing: Ts-
inghua University Press, 2019. (in bilingual ) (in Chi-
nese )

Wk, SR Hog, B AL S S T (5 2
Ji) [M ] JE5T 3 R i i, 2019.

Zhang Meijing. Research on sub pixel edge detection tech-
nology[ D ]. Shenyang: Shenyang Ligong University,2013.
(in Chinese)

KL AR R D GATIHARBIFEL D] P B VL FH
T K2£,2013.



