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Rapid extraction of circular array target center image points
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Abstract: Circular array targets are widely used in 3D measurement and camera calibration. Under the perspective
projection of the camera, the circular marker on the target will degenerate into an ellipse. However, the geometric
center of the ellipse is not the central projection of the circular marker on the image plane. Therefore, a fast image
point extraction algorithm based on projective geometry is proposed by using the geometric invariance of collinear and
common points under projective transformation. Firstly, the general equation is obtained by fitting the ellipse after
edge detection, shape filtering, and sub-pixel edge extraction. Secondly, the coordinates of two vanishing points along
the coordinate axis of the plane target are got by projective transformation matrix. Finally, using the principle of
perspective invariance, the vanishing points and the ellipse general equation are used to solve the two sets of common
tangent point coordinates of the ellipse image. The intersection of two sets of tangent lines is the center projection of
the circular marker on the image plane. The experimental results show that compared with the traditional method of
searching common tangent points, the reconstructed average distance of the extracted center image points is reduced by
32.34%, and the precise location of the circular markers is realized, and the solving process is greatly simplified,
which has strong practicability.

Keywords: circular array target;projective transformation;vanishing points;imaging center;subpixel
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3 EHFEEXBRTHBIHROER pixel
W R 48 iR ARSIk
75
v v
Left T 382. 350 638. 138 380. 455 636. 565 381.553 636. 979
Left 11 759. 244 646. 841 759. 088 647. 157 759. 740 648. 113
Left Il 502. 685 764. 967 501. 723 766. 467 502. 541 767.619
Left [V 565. 500 770. 000 565. 958 771.042 565.514 770.005
Left V 572.941 512. 607 573. 242 515. 706 572.199 515. 057
Right T 520. 603 518. 589 519.798 517.655 520. 945 518.071
Right 1l 901. 413 487. 183 897. 884 484.135 898. 587 485. 094
Right [l 659. 157 636. 266 659. 002 634. 219 659. 866 635. 370
Right [V 723.958 628. 164 723.283 630. 269 722. 886 629. 234
Right 'V 702. 962 372. 238 702.575 373. 780 701. 585 373.129
x4 ZHEHBEENN mm
o b Wﬁ?ﬂ%?ﬁ\ ot : ARILT % :
JiER=1 W iR wE iR B2

I-1 150.0 151. 166 O 1.166 0 150. 883 0 0.883 0 150. 707 0 0.707 0
I-T0 70.710 7 69.991 2 0.719 5 70.990 1 0.279 4 70.864 8 0.154 1
I-I 90.138 8 91.390 1 1.251 3 90.579 6 0. 440 8 90.577 6 0.438 8
I-V 90.138 8 91.943 0 1.804 2 91.046 6 0.907 8 90. 566 5 0.427 7
-1 111.803 0 112.523 0 0.720 0 112.229 0 0.426 0 112.215 0 0.412 0
- 90.138 8 90. 889 1 0.750 3 90. 563 2 0.424 4 90.475 3 0. 336 5
m-v 90.138 8 90. 546 5 0.407 7 89.641 0 0.497 8 90.529 3 0.390 5
m-1v 25.0 25.619 2 0.619 2 25.523 6 0.523 6 25.120 7 0.120 7
m-v 103.078 0 103. 627 0 0.549 0 103. 386 0 0.308 0 102.893 0 0.185 0
V-V 100.0 101. 314 0 1.314 0 100. 547 0 0.547 0 100. 372 0 0.372 0
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