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High-precision visual measurement method for large-size circular parts
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Abstract: When measuring the diameter of circular parts under the illumination methods of ring light source and strip
light source, the problems are usually produced, such as the chamfer features of parts are prone to wide edges in the
images, the shadows on the boundaries of circles are appeared due to the influence of thickness, the efficiency of image
processing is affected by the surface textures and scratches, and the high-resolution panoramic image of large-sized
circular parts is acquired multiple times due to insufficient camera field of view. In this paper, a measurement method
for large-size circular parts size based on improved SURF image stitching is proposed, and the high-precision
measurement of parts size is realized by illumination optimization, image stitching and sub-pixel edge detection.
Firstly, the illumination methods of the strip light source arranged at 45°, the combination of ring light source arranged
vertically downward and strip light source arranged at 45° are proposed respectively, thus, the wide edges, shadows,
textures and scratches in the images of parts are eliminated, which influence the measurement of parts size. Secondly,
the SURF feature matching method is improved to locate overlapping regions of stitching images for coarse matching of
feature points. Thirdly, the RANSAC algorithm is proposed for accurate matching of feature points, the image
registration method is improved to expand the stitching images of parts to the same size and complement the missing
background areas. Fourthly, the weighted average fusion algorithm is proposed to smooth the stitched image, and the
high-resolution parts panoramic image is obtained. Finally, the least squares fitting of circles is improved to fit the edge
circle in the image, and the actual diameter measurement value of circular parts is obtained through pixel size
conversion. The experimental results show that the proposed method is more accurate than the traditional visual
measurement method, and the relative error with the CMM measurement reference value is less than 0. 044 4%,
Keywords: illumination optimization; SURF feature extraction;image stitching;circular fitting; vision measurement
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Fig. 8 Flow chart for dimensional measurement of circular parts
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Fig. 9 Schematic diagram of image acquisition platform
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Fig. 10 Experiment platform of image acquisition Fig. 12 Sirui CROMAS8106 coordinate measuring machine

ey x1 ZAFRNEUNEERTBERTER
A ‘ O Table 1 Results of circular parts size measured by

coordinate measuring machine

F AR 2 B AAAER EAE/mm NEIFERE/ mm

TRIE PR R 51.993 24.994
- T 4fE 3 R R 59. 995 40. 006
YRV Tk S 3 % =Y N R
11 TRy ER R T HE R R A T A S R N T 61. 991 45. 066
Fig. 11  Physical images of deep groove ball bearings,
flat thrust beari ieces, metal fixing rings N .
at thrust bearing pieces, metal fixing rings JH TracePro JEU8 05 ELPE R 3 B3 B Jy 56 0 22 30 1 25
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17W/m2 HEt

Fe/ME:2.801 4x10° I KAE:17.575, Fe/IME:1.572 3%107 I KAH:9.685 5, F/IME:7.360 2510 e KAE:16.432,
F-H4H:35.168/(W/m?) T-H1:8.602 4/(W/m2) - 3448:43.894/(W/m?)
(d) BRG] A T L E (o) 2R OufE FA T I 2 (f) H A G A TH L
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Fig. 13 Simulation illuminance diagram of flat thrust bearing pieces
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Fig. 14  Acquired local images of flat thrust bearing pieces
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Table 2 Results of flat thrust bearing pieces size measured under three illumination methods

HOCTF AR AN R E/ mm FOG TGN RS E/ mm A6 W43 A5 RS E/ mm

=}
s P B R/ mm AR A A/ mm AR/ mm
1 60. 046 2 40.074 5 60.016 7 40.034 3 60.002 7 40. 009 5
2 60. 046 3 40. 074 3 60. 018 0 40. 034 9 60.003 8 40. 009 1
3 60. 045 8 40. 074 3 60.017 3 40. 034 6 60. 004 5 40. 009 8
4 60. 046 1 40. 075 3 60.017 4 40.034 4 60. 003 1 40. 009 9
5 60. 045 4 40.074 0 60.017 0 40.034 6 60.003 8 40. 009 7
6 60. 047 1 40. 074 2 60.017 9 40. 035 5 60. 003 3 40. 009 3
7 60. 046 7 40.073 9 60.018 7 40.034 8 60. 003 4 40. 009 6
8 60.045 9 40.073 9 60.017 1 40.034 5 60.003 3 40. 009 3
9 60.045 7 40.074 0 60.015 8 40.034 8 60.001 8 40. 009 6
10 60. 046 8 40.074 7 60. 016 0 40. 034 6 60. 004 3 40. 009 0
S E 60. 046 2 40. 074 3 60.017 2 40.034 7 60. 003 4 40. 009 5
REWE +0.051 2 +0. 068 3 +0.022 2 40.028 7 +0.008 4 +0.003 5
MXF R 2R/ % +0.085 3 +0.170 7 40.037 0 +0.071 7 +0.014 0 +0.008 7
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Fig. 15 Image stitching effects of three circular parts
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Fig. 16 Local enlargement of the stitching
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Table 3 Results of deep groove ball bearings size measured by four image stitching algorithms
SCHRLL7 150 A SCHRC18 153 A4 SCHRLC19 155 A3 1 AR S AR 1Y
5 AN R R S E A AN R S E AR R S E A MBI R {E A

P B R T B/ mm PR R T B/ mm PR R T B/ mm IR R AT/ mm
1 52.042 6 25.036 3 52.052 4 25.039 3 52.016 6 25.026 1 51.987 0 25.004 9
2 52.042 5 25.036 5 52.052 2 25.039 3 52.016 0 25.026 3 51.987 9 25.004 7
3 52.042 0 25.036 2 52.051 7 25.039 4 52.016 9 25.026 1 51.987 7 25.005 3
4 52.042 4 25.036 1 52.051 9 25.039 1 52.017 5 25.026 3 51.987 5 25.005 0
5 52.042 6 25.036 4 52.052 0 25.039 8 52.016 1 25.026 1 51.987 7 25.005 0
6 52.042 8 25.036 1 52.051 6 25.039 3 52.017 2 25.026 3 51.987 9 25.005 2
7 52.042 7 25.036 5 52.052 1 25.039 5 52.015 7 25.025 8 51.987 5 25.004 9
8 52.042 4 25.036 2 52.052 1 25.039 3 52.016 3 25.026 2 51.987 6 25.005 4
9 52.042 1 25.036 2 52.051 7 25.039 4 52.017 2 25.026 3 51.987 8  25.005 2
10 52.042 1 25.036 1 52.051 8 25.039 5 52.016 7 25.026 2 51.987 4 25.005 2
S OfE] 52.042 4 25.036 3 52.052 0 25.039 4 52.016 6 25.026 2 51. 987 6 25.005 1
REHHE +0.049 4 +0.042 3 +0.059 0 +0.045 4 +0.023 6 +0.032 2 —0.0054 +0.0111
MR/ %  +0.0950  +0.1692  +0.1135  +0.1816  +0.0454  +0.1287  —0.0104 +0.044 4

R4 AMEGHEBEEERTFEENBARRRTUNELR
Table 4 Results of flat thrust bearing pieces size measured by four image stitching algorithms
SCHRL17 15 AR 1Y SCHRC18 5 vk 43 1) SCHRC19 5wk 43 1 A SR B AR
=2 HME R A HME R A HME R B A A I R {E

W B R B/ mm W B R B/ mm P [ R B/ mm MR RSFH/ mm
1 60. 046 3 40. 030 6 59. 980 6 39.995 0 60.012 8 40. 020 3 60. 002 7 40.009 5
2 60. 047 2 40. 030 2 59.981 3 39.994 2 60.012 2 40.019 8 60.003 8  40.009 1
3 60.045 7 40. 030 6 59.982 7 39.994 4 60.014 0 40.019 6 60. 004 5 40.009 8
4 60. 047 3 40. 028 6 59.981 8 39.993 7 60.014 1 40.020 9 60. 003 1 40. 009 9
5 60.046 7 40. 030 7 59.981 3 39.994 3 60.013 9 40. 019 6 60.003 8 40. 009 7
6 60.045 8 40. 029 3 59.981 4 39.994 8 60.013 9 40. 020 0 60.003 3 40. 009 3
7 60. 044 6 40.029 8 59.980 0 39.994 5 60.012 1 40.019 6 60.003 4  40.009 6
8 60. 045 6 40. 030 6 59.981 7 39.994 1 60.013 5 40. 020 4 60. 003 3 40. 009 3
9 60. 046 2 40.029 6 59.982 2 39.994 1 60.012 6 40.019 9 60.001 8 40. 009 6
10 60. 045 4 40. 030 4 59.982 5 39.994 8 60.013 2 40.019 6 60. 004 3 40. 009 0
S OE] 60. 046 1 40.030 0 59.981 6 39.994 4 60.013 2 40.020 0 60.003 4 40. 009 5
wEHME  +0.0511 +0.0240 —0.0134  —0.0116  +0.0182  +0.0140  +0.0084 +0.003 5
xR/ %  4+0.0851  +0.0601  —0.0223  —0.0290  +0.0304  +0.0349  +0.0140 +0.0087

FFAE 082 Wi BF RS BE . AR SCTO7 86 0 B R B X

60. 003 4 mm, R ZE¥HE S R +51. 1. —13. 4. +18. 2 #

HEAT ARG, A SCHR(17 ] SCHR 18 A0 SCHk (19 ], A 5K
fif B 1 52 TCACHARURR AE T e 5 0I5 VT B A 1 R, [ B AR IE
TRRAE DT L 4 4 T M RS E M PR I W TAE S O
IR Fe T

I 4 W], X A S R R RS i D, By
SCHRC17] . 3CHk[ 187 SCiik [19 A0 A 3¢ 1% Bf 32 Jr ik 1 15
AN R ER B 42 R SF4R 510 60. 046 1.59. 981 6,60, 013 2 F

+8. 4 pm, 523 E A A X R 22 43 51 +0. 085 1%,
—0.0223%.40.0304% M +0.0140% ., MK NS EH
7 R4 5014 40. 030 0,39. 994 4.,40. 020 0 F1 40. 009 5 mm, %
ZE A +24.0,—11. 6, +14. 0 F1+3.5 pm, 5%
I A A A X R 25 4 A 4+ 0..060 1%, — 0.029 0%,
+0. 034 9% M+0.008 7% . A AK K. AL IR 45°
A1 R T R AE 140 2 35 B 1R 3R T A7 7E T AR R W 4 R L
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Table 5 Results of metal fixing rings size measured by four image stitching algorithms
SCHRLL7 ]88 8 A% 1y SCHRC18 58 A5 1y SCHRL19 T8 6 A5 19 AR SCEE AR 1Y
5 AN R R S E A AN B R S A AN R A HMELR S (E A
P B RSB/ mm P B R SF B/ mm PR R SF B/ mm P RSB/ mm
1 62.028 3 45.111 1 62.008 9 45.082 2 62.017 5 45.089 4 62.001 1  45.0718
2 62.028 6 45.111 0 62.010 2 45.081 1 62.016 9 45.089 6 61.999 8  45.072°5
3 62.028 3 45.110 9 62.010 8 45.079 9 62.017 7 45.088 6 62.000 7  45.072 2
4 62.029 9 45.110 7 62.010 7 45.080 6 62.017 1 45.090 4 62.001 4  45.072 4
5 62.028 6 45.110 7 62.009 7 45.080 3 62.016 2 45.090 3 62.002 0  45.072 1
6 62.029 5 45.111 0 62.009 3 45.080 8 62.018 4 45.089 8 62.000 4  45.072 2
7 62.029 3 45.110 7 62.010 8 45.080 1 62.016 9 45.090 4 62.001 7  45.0716
8 62.028 1 45.110 8 62.010 8 45.079 4 62.019 5 45.091 3 62.001 1  45.072°5
9 62.028 5 45.111 0 62.010 2 45.080 8 62.017 6 45.090 4 62.002 1  45.0716
10 62.028 3 45.111 2 62.009 6 45.080 7 62.018 1 45.089 0 62.000 7  45.0716
S-S 62.028 8 45.110 9 62.010 1 45.080 6 62.017 6 45.089 9 62.001 1  45.0720
WEMME +0.0378  40.0449  40.0191  +0.0146  40.0266  +0.0239  +0.0101 +0.006 0
MxFRE/%  +0.0610  +0.0996  4+0.0308  +0.0324  +0.0429  40.0531  +0.0163 +0.0133
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