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Calibration of Two-Camera Vision System with Far and
Near Sight Distance
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Abstract A two-camera vision system with far and near sight distance for global target positioning and accurate
local measurement is usually required when an industrial robotic arm works in multiple stations. Lacking a common
field of view, the intrinsic and extrinsic parameters of the vision system cannot be calibrated using traditional
methods; therefore, a new calibration technology based on point-array coded targets and multi-view geometry is
proposed. First, two sizes of calibration panels with point-array coded targets matching the field of view size are
prepared for the two-camera vision system with far and near sight distance. A sub-pixel edge detection method based
on gray gradient is proposed to improve the positioning accuracy of the ellipse centers. Then, a decoding algorithm
of the point-array coded target is improved for robust image feature matching. Based on this, using high-precision
central pixel coordinates of point-array coded targets under different perspectives and the corresponding relationship
of targets between different images, the intrinsic parameters of two cameras and the transformation matrices
between cameras and calibration panels can be calculated using multi-view geometry technology. Then, a hand-eye
calibration equation, AX = ZB, is constructed from the transformation matrix, and the extrinsic parameter X
between two cameras can be obtained by solving the equation. Finally, the suppression of calibration error by two
kinds of optimization methods is analyzed. Experimental results demonstrate that the calibration accuracy is
improved after optimization. The angle error is reduced to 0.05°, and the position error is reduced to 0.36 mm.
Key words machine vision; intrinsic and extrinsic parameter calibration; multi-view geometry; sub-pixel edge;
coded target; hand-eye calibration equation
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Fig. 2 Three steps for determining the sub-pixel edge. (a) Calculating image gray gradient;

(b) sampling along the gray gradient direction; (c) gray gradient amplitude curve fitting
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Fig. 3 Edge comparison. (a) Ellipse image; (b) pixel edge; (c) sub-pixel edge
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Fig. 4 Point-array coded target. (a) Point-array coded target template; (b)(c) images of point-array coded target

from different perspectives
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Algorithm 1 Identify Coded Targets

Input: Image {I}
Output: Coded Targets {C;}
1: {P} « CenterPosition({I})

3 {Q} + KNNSearch(p;, 8)

4 for each ¢y, qu, gx from {Q} do

5 if FitLine(gm,q,.qx) then

¢ for each ¢.,q, from {Q} do

T cr + CalCrossRatio(qm, qu, @k 4z, qy)
8: if [1.5276 — ¢r| < 0.05 then
)

: H « FindHomograph(q,,, qu, k. 4z qy)
10: {q1.92,93} « PerspectiveTransform(H)
11: C « GetCodedTargetInfo({q;,¢2.93})
12: {C;} «C
13: end if
14: end for
15: end if
16:  end for
17: end for
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Fig. 5 Algorithm pseudo code
P 6 Jos 1A [a) B AR 19 R 10 45 8] 114 4 i o
DU JE O 2R AL 58 U » 1 20 B 5 A 6T 15 3 /A
Bl s rpt AR A XA D TE RS i FE P E A
HEF o PR AS [ P A5 R] R 40 3 A0 (] B9 i
B 5, HX R ) A B U — — DR LT 1

o e o
020913 010912

K6 mMEgmtoTIeht. (a) (b)RFEAT /5 oo KA

Fig. 6 Point-array coded target matching. (a)(b) Images of point-array coded targets in different perspectives
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Fig. 7 Incremental SIM reconstruction
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Table 1 Comparison of measured distance and

evaluation distance

Sub-pixel edge

Pixel edge .

No. (proposed algorithm)
Reconstructed  Error /' Reconstructed  Error /
distance /mm mm distance /mm mm

1 695. 347 0. 040 6995. 315 0. 008
2 695. 348 0.041 695. 316 0. 009
3 695. 268 —0. 039 6995. 298 —0.009
4 695. 265 —0. 042 6995. 294 —0.013
5 695. 346 0. 039 695. 317 0. 010
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Table 2 Camera intrinsic parameters

Intrinsic parameter

Global camera

Partial camera

(asf®) (1753. 089, 1753.089)
(uysvo) (1219. 075, 1051. 850)
(kysky) (—0. 201, 0.218)
(p1sp2) (0.000624, —0.000826)

(2358. 690, 2358. 690)
(1256. 748, 1063. 047)
(—0.114, 0.182)
(0. 000295, 0. 000240)

images captured
by global camera

images captured
by partial camera
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Fig. 9 Images captured by two-camera vision system
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