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Abstract Circular holes are important features in automated manufacturing and assembly, and accurately estimating
the pose of a hole can contribute to high-precision processes. Therefore, we propose a method for circular hole pose
measurement based on epipolar constraints of binocular vision. First, to improve the accuracy of contour extraction,
a contour purification method based on morphological addition is proposed. Then, the ordinate of the hole is
compensated according to the epipolar constraint, and the optimal abscissa is determined via Gaussian fitting to
achieve precise matching. Finally, the fitted circle in space is used to determine the hole pose. Experimental results
show that the contour extracted using the method closely follows the real hole contour, and the measurement
accuracy of the hole position and radius is 0.05 mm. Compared with no compensation, the measurement accuracy of
the aperture and hole spacing increases by 31.56% and 34.07% after compensation, respectively. The method
provides a strategy to improve the accuracy of hole pose measurement, and meets the actual application requirements
of manufacturing and assembly.
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Fig. 1 Hole pose measurement based on binocular vision
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Fig. 3 Points to be matched determined by Gaussian fitting method. (a) Edge contour of the circular hole; (b) enlarged

part of the left area; (c) Gaussian fitting result of the best matching point
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Fig. 4 Hole contour extracted by our method. (a) Original image; (b) edge detection; (c) ellipse fitted to the initial

hole edge; (d) ellipse fitted to of the optimized hole edge

3.2 FEItHE

FAZR T 1% 56 43 ol 2 B 22 A TR A5 b B L e B
RIGFIHMEE# T ERE., B 5 hEZANLH
(R = 4l 0 K 2 AL L 5 () AL 5 (b) 43 51l Ry
L BB FL R N 25 51 . R AR 2k 29 SRO0F i A7
ZERCIE J5 L f 3K AS B UG EC SO T 4E &4
Kl 5 (o) o = 4E L 58 B S L XS B A i ) i, R iR
LB ES B 4 T 4 DL S 5, 3k 1
FroR . ATRL K B, ATy B e A A S R AL AL
O 5 ) R AR L DAL A 2 AR O 25 AL T B 22
AT LA B, AL A2 07 B0 22 2 0. 0563 mm (B 1M
LR HR 2.5 mm) fLIETEE (1 51 2 5,2 5 A
35,3 5 M 4 5 LA FL 0 BE B 1Y O 3 0w 22 N
0. 05 mm(FrAEFLEIEE A 10 mm) , 3X 3R B A J7 i

TEAL AL 2 A B A B A R R IR R AT
P¥EFE 0. 05 mm,

(a) ()

—— fitting hole edge
=——normal vector

120

80 o s

K5 LR =g Em A g . (O ZERME; (O AEE;
QO:igziEnFS

Fig. 5 Three-dimensional reconstruction result of the

hole profile. (a) Left image; (b) right image;

(¢) reconstruction result
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Table 1

Characteristic parameters of reconstructed holes

No. Hole location /mm Normal vector

] Radius Hole Hole spacing
Radius /mm

error /mm  spacing /mm deviation /mm

1 (86.88, 43.70, 424.15)  (0.089, —0.036, 0.997) 2.550 0.050 - -
2 (86.55, 33.71, 423.83) (0.089, —0.037, 0.997) 2.557 0. 057 10. 00 0
3 (86.18, 23.79, 423.40) (0.087, —0.037, 0.997) 2.556 0.056 9.94 0. 04
4 (87.02, 13.87, 423.14)  (0.086, —0.038, 0.997) 2.562 0.062 9.96 0.06
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Fig. 6 Experimental results of deviation compensation. (a) Image of the measurement hole; (b) radius of the hole;

(c) distance between the holes
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