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Abstract Binocular vision is a classical and efficient method in machine vision. Aiming at the problem that it is
difficult to extract feature points of smooth surfaces without chromatic aberration, we propose a method of creating
color features on surfaces with uniform laser grids, and a feature point extraction and matching algorithm. Firstly,
in order to extract the laser grid line, the laser line breakpoint is spliced and transformed into a single pixel
connected line by the expansion and corrosion algorithm. Then, the feature points are extracted by the connectivity
of eight neighborhood and four neighborhood of points on the connected line. Finally, the extracted feature points
are numbered according to the location information to complete the matching of feature points. The experimental
results show that the algorithm has good robustness, high extraction accuracy, high matching accuracy and high
repetition rate. The distance error between the feature points after three-dimensional reconstruction is less than
0.05 mm, and the standard deviation is 0.0362 mm. The proposed algorithm can carry out feature point extraction
and matching directly, which is more accurate than the method of discrete feature lines as feature points. It can be
applied to the uniform sampling detection of points on surfaces.
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Fig. 1 Layout of the surface to be measured, a laser and cameras
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Fig. 2 Examples of image preprocessing.
(a) Experimental surface after irradiating;

(b) partial enlarged image after binaryzation;
(¢) partial enlarged image after de-noising;

(d) partial enlarged image after thinning
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Fig. 3 Partial enlarged images of different types of

connected points. (a) Double angle type;

(b) T and angle type; (c) point and angle type;
(d) T and point type; (e) cross type; (f) overlapping type
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Fig. 4 Partial enlarged images of connected points after

filtration. (a) Double angle type; (b) T and angle type;
(¢) point and angle type; (d) T and point type;
(e) cross type; (f) overlapping type
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Fig. 5 Partial enlarged images of connected points after

second filtration. (a) Double angle type;

(b) T and angle type; (c) point and angle type;
(d) T and point type; (e) cross type; (f) overlapping type
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Fig. 6 Comparison of two feature point extraction algorithms
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Fig. 7 Example of minimum distance distribution

between feature points
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Fig. 9 Extraction and matching results of left and

right cameras. (a) Pot; (b) grid plate; (c) china cup
21 RRAE AR B S R R S B

Table 1 Number of feature points and false feature points

Experimental subject Camera T E
Left 1759
Grid plate surface
Right 1639 1
Left 1224 3
Pot surface
Right 1230 0
Left 1026 0
China cup surface
Right 1016 2
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Table 2 Distance error and standard deviation of

feature points mm
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Table 3 Matching accuracy rate and repetition rate

12

Distance error
Algorithm o
<0.05 <0.1 <0.2

Experimental subject Camera Ba B
Left 1.0000 0.9227
Grid plate surface
Right 0.9993 0.9902
Left 0.9975 0.9501
Pot surface
Right 1.0000 0.9455
Left 1.0000 0.9512
China cup surface
Right 0.9980 0.9606

Proposed method 0.9660 0.9921 0.9974 0.0362
Algorithm in Ref. [20] 0.5000  0.9000  0.9900
Algorithm in Ref. [14] Average error is 0.1031 0.0501

Algorithm in Ref. [16] Average error is 0.0750

Algorithm in Ref. [17] Average error is 0.8362
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Fig. 10 Extraction results of feature points in
different references. (a) Ref. [20]; (b) Ref. [14];
(¢) Ref. [16]; (d) Ref. [17]
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Fig. 11 Objects to be measured. (a) Grid plate plane;
(b) white paper plane; (c) stripe paper plane
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Table 4 Extraction and matching effects (left camera/right camera)

Grid plate surface

White paper surface

Stripe paper surface

Test item

10000 Ix <C0.05 1x 10000 Ix <0.05 Ix 10000 1x <C0.05 Ix

T 1842/1722 1756/1636 1918/1907 1849/1842 2031/1916 1910/1843

B. 1.00/1.00 1.00/1.00 1.00/1.00 1.00/1.00 1.00/1.00 1.00/1.00

B 0.92/0.99 0.93/1.00 0.98/0.99 0.99/0.99 0.94/1.00 0.96/1.00
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