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Fine alignment of hole in complex space assembly based on vision technology
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[ Abstract] In the automatic assembly process of complex space, the mounting holes of the module and module installation site
need to be fixed with screws after the holes are aligned. Aiming at this problem, a fine hole alignment method is designed and
implemented. This method reads a frame image from the video stream of the mounting hole at the same interval. After filtering,
denoising, edge detection, and other operations for the image, the Least Square Method is used to detect the center coordinate
information of the mounting hole, and judge whether the mounting hole is aligned according to the center distance between the
mounting holes. Under the calibration accuracy of 0.062 5 mm, the test results of the center distance of Hough circle transform and
Least Square Method are 0.125 mm and 0.06 mm respectively. The experimental results show that, compared with Hough circle
transformation, the Least Square Method can better detect the information about the coordinate of the center of the mounting hole and
realize the fine alignment of the hole. At the same time, it shows that the fine alignment method is feasible.
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Fig. 1 Robot automatic assembly diagram
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Fig. 2 Physical picture of mounting holes
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Fig. 3 The schematic diagram of the hole alignment operation
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Fig. 4 Flow chart of fine hole alignment
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Fig. 5 Filter result diagram

3.2 ET Canny Ay8 46

NG UG B AR TR A AE T KB 258K
KD, PRIHAR 3R 0 ) 300 G A DN 7 2 08 0 AR R
JiE 22 1) S HRAG I

Canny[ " A B 1 B — B 0 v
Wedmxh U EIRENE  H T EUR P 505 1) W] REAS AN
FATA] , K HTE Canny 585 i FH 2> Il 4 55
TRAGIN G rpK - BRI A 1%, 40 Sobel
T X AT BUR R SRS E G AT 1A theta,

2233 Sobel B IHH45 B 1Y EHR L 75 B 7R
BB P AR R A0 BE SR B 5 HOE AR B2
D5 1) b BGRERIEAT LURE, A7 1R 3R AR B B R
PRERIZA G R A MR 5 R

:J%T?TE,E Canny *éﬁﬁg/l\%ﬁﬂﬁ T] %ﬂﬁ
AMREME T, o SBRERABEER T = A T, N2
PREATTOR YRR B/ T = BME T, R TR
(8 T, W, FA Y H 5 T i B RO 1R 3R e A 9k
TRER s M BRR BN TR T, I, & 520 %

AR SCTE PA B BE At B AG D A 5, A ) 1 i
GA7 B T 222 AL RO BRI . FEoR 28 (kAL



557 Kok, G5 HETAEBOAR B 5 2 as (E) 2 E T RS A0 AL 109

FRFNZS 3 AHAAE PR S B9 Canny 136K 45 5 40 &
6(a) & 6(b) i, HE 6 n] I, i —(HAik ik B

ARSCAE R B/ ARG D 22 FLIN , KR 4R
B L AL R BRI T 51 G AL BE  H Ak

WS 2 10 S A5 BBR B Rk IR i T
AR AR IER R, 22 3 AL N A1 IR A T
SR B

(a) R& _{HALAL TR (b) & —fEfbibr
El 6 ih%iaigsRE
Fig. 6 Image of edge detection results
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Fig. 7 The detection result of Least Square Method
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Fig. 8 The detection result of Hough circle transformation
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Fig. 9 Bottom plate mounting hole
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Tab. 1  Results of the bottom plate mounting hole in the first
experiment
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(176,98)
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Tab. 2 Results of Hough circle transformation in the first experiment

N2 X/ g% Y hHmER/ AR X SR/ mm Y 75 A% i/ mm [0/ mm
(199,88) 23 10 1.725 0.750 1.88
(200,182) 24 84 1.800 6.300 6.55
(160,142) 16 44 1.200 3.300 3.51
(179,103) 3 5 0.225 0.375 0.43
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Tab. 3 Results of Least Square Method in the first experiment

[FLCh AL bR/ A5 2 XhmwE e/ 4% Y rnmERE/ 4R X SR/ mm Y J5 1A% i/ mm [0/ mm
(196.17,90.716 6) 19.690 700 10.580 4 1.476 790 0 0.793 532 1.67
(200.749,184.874) 24.270 000 83.577 4 1.820 250 0 6.268 310 6.52

(164.522,143.4) 11.956 600 42.103 2 0.896 748 0 3.157 740 3.28

(175.615,104.7) 0.864 383 3.403 4 0.064 828 8 0.255 250 0.26
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Tab. 4 Results of the bottom plate mounting hole in the second

experiment
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Tab. 5 Results of Hough circle transformation in the second experiment

L A i AR R XIS ARR Y IR EARER X it/ mm Y J5 1 % it/ mm [0/ mm
(76,107) 67 12 4.187 5 0.750 0 4.250 0
(143,137) 0 42 0 2.6250 2.620 0
(127,50) 16 45 1 2.8125 2.980 0
(143,97) 0 2 0 0.125 0 0.125 0
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Tab. 6 Results of Least Square Method in the second experiment
B Lo A A AR 2R X T e/ B8R Yoramigse/ g X rmBeE/mm Y IR/ mm [B.Co 2/ mm
(75.428 2,109.745) 67.594 800 11.426 60 4.224 670 0.714 165 4.28
(169.299,130.955) 26.275 700 32.636 30 1.642 230 2.039 770 2.61
(127.395,55.309 7) 15.628 200 43.009 10 0.976 761 2.688 070 2.86
(142.501,97.482 2) 0.522 096 0.836 56 0.032 631 0.052 285 0.06
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Tab. 7 Comparison results of the three methods

WiRES KRR 2ZER/mm #1525/ mm
K[ 10] 0.75 <0.75
SCHk[12] 3.00 1.50
ARSI 0.1 0.06
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