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Abstract: To address the low measurement accuracy resulting from the inability to detect ideal corners of
an object, a binocular-vision-based measurement method incorporating the one-dimensional probabilistic
Hough transform and local Zernike moment is proposed herein. First, the one-dimensional probabilistic
Hough transform is used for line detection of the outer contour. Next, sub-pixel extraction is performed us-
ing the Zernike moment method in the region of interest (ROI) established according to the line detection,
and sub-pixel points are screened in the intersection region of the ROI. Then, before matching the key
points, sub-pixel edge lines are fitted using the orthogonal total least squares method. Finally, the three-di-
mensional spatial information of a continuous casting slab model is obtained via the triangulation principle,
and the measurement is completed. Here, the continuous casting slab model is considered as the measure-
ment object. Experimental results indicate that the minimum relative error of the proposed algorithm is

0.340 1%, which satisfies the measurement requirement. The average relative error in the length is
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0.3945% , which is 80.01% and 74.63% smaller than those of the traditional SIFT and ORB algo-

rithms, respectively. Compared with another method based on edge fitting, the measurement error and

time consumption of the proposed algorithm are reduced by 34.11% and 39.07% , respectively, confirm-

ing its measurement accuracy and efficiency.

Key words: binocular vision; one-dimensional probabilistic hough transform; sub-pixel; edge fitting;
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Fig. 2 Schematic diagram of line detection
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Fig. 3 Schematic diagram of subpixel point extraction and sifting
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Tab.1 Calibration result of binocular system

Intrinsic parameters

Extrinsic parameters

Left camera Right camera

0 2177.9 615. 66
0 0 1

0 2166.6
0 0

2179.7 —0.85856 930. 05} r 169.0 0.50431 862.91

0.999 8
540. 57 || 0.0027

Rotation matrix R Translation matrix 7°

—0.0027 0.0334 —100. 026 0
1.0000  0.0069 0.3357
—0.0334 —0.0069 0.9998 —12.5805
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Algorithm Lines Time/ms
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Fig. 5 Line detection of continuous casting slab model image
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Tab.3 Key point coordinates

Pixel coordinates in the left

Pixel coordinates in the right

3D Coordinates in the world coordinate sys-

Point image /pixel image /pixel tem /mm
(717.612 8, 601.743 8) (559. 356 6, 602. 186 5) (—52.0729, 1.2421, 1 377.6605)
B (1066.8796, 683.051 1) (887.547 1, 683.517 1) (148.857 0, 46.453 2, 1 215.748 3)
C (1057.5259, 857.6357) (873.184 3, 857.963 8) (139.736 7, 139.8853, 1182.7132)
D (971.936 0, 888.752 2) (777.7917, 889.220 2) (88.5839, 148.8899, 1122.9958)
E (622.1656, 785.163 5) (453.692 2, 785.872 3) (—105.5839, 110. 1457, 1294. 111 4)
F (626.050 4, 621.1400) (460.914 7, 621.699 6) (—105.3648, 12.974 4, 1320. 267 5)
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1350 - 5d Measured True value Absolute Relative
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1300 - & value/mm /mm error/mm  error/ %
N 1250 AB 261.9780  262.872 —0.8940 —0.3401
1200 - BC 99.519 1 100.136 —0.6169 —0.6161
1150 - CD 79.144 5 79.864 —0.7195 —0.9009
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Fig.9 3D localization of continuous casting slab model
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Tab.5 Comparison of measurement accuracy and time

Algorithm Measured length/mm True length/mm Relative error/ % Time/ms
SIFT 257.684 3 262.872 —1.9735 3908
ORB 258.7854 262.872 —1.5546 434

Literature [ 6] 264.4457 262.872 0.5987 1482
Ours 261.8350 262.872 —0.3945 903
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