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A Binocular Visual Measurement Method for Rotational Errors
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Abstract: Aiming at the problems of complex adjustment and limited outcomes of existing rotational error
measurement methods, an absolute coordinate measurement method based on binocular vision is proposed to realize
the accurate and synchronous measurement of the five-degree-of-freedom (5-DOF) rotational errors of precision
rotary axes. A binocular vision system is adopted to capture the images of the target moving with the rotary axis, and
the absolute coordinate trajectories of the target's spherical centers in the world coordinate system is accurately
obtained through sub-pixel edge detection, least square center fitting and three-dimensional coordinate reconstruction.
An evaluation coordinate system is constructed referencing the axis average line of the target, and a rotational error
evaluation model for the absolute coordinate trajectory is proposed to achieve the quantitative evaluation of the
rotational errors of the precision rotary axis. The results show that all rotational errors measured by the proposed
method at different rotational speeds are in good agreement with those of the comparison method: the maximum
measurement deviation of radial rotational error is 5.3 pm with a deviation percentage of 18.5%; the maximum
measurement deviation of axial rotational error is 1.5 um with a deviation percentage of 11.8%; the maximum
measurement deviation of tilt rotational error is 0.004 1° with a deviation percentage of 8.1%. All measurement
deviations fall within the estimated range of measurement uncertainty, indicating that the proposed binocular vision
measurement method has high reliability. This research provides a solution for the geometric accuracy measurement
of rotary axes.

Keywords: binocular vision; absolute coordinate trajectory; five-degree-of-freedom rotational error; rotational error
evaluation model; synchronous measurement
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Fig.1 Error motions of the rotation axis
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Fig.2 The binocular vision measurement principle for five degree
of freedom rotational errors of precision rotary axes
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Fig.3 Overexposure detection process
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Fig.4 Calibration image processing process
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Fig.5 Comparison of bilateral filtering denoising effects
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Fig.6 Image processing of the circular contour of the upper ball
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Fig.8 Sub-pixel edge detection effect
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Fig.9 Schematic diagram of three-dimensional coordinate
reconstruction (Taking the upper sphere for example)
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Fig.10 Evaluation coordinate system for rotational errors
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Table 1 Calibration results of camera intrinsic parameters before
and after epipolar rectification

B2 WA IE H e
AANL  GANL AAENL AR
£Ei/m 0.03519  0.03534 0.03523 0.035 23
W R A 259693  61.5779 0 0
A% 2 4/10° 1.26736 -5.648 60 0 0
WEAS 2 H/10°  -1.73850  3.514 81 0 0
WA AR R4 -0.062 672 -0.039038 0 0
WA AR R4 0.033 852 0.023 607 0 0
% E R~F/(105m) 1.48 1.48 1.48 1.48
% E R ~F/(105m) 1.48 1.48 1.48 1.48
THEMAME R 768.788  711.187  835.359 807.420
TR R 526.879 542.864 458.465 458.465

2 WAL TETT 5 AHPLAE XS L B IR A 58 25
Table 2 Calibration results of the relative position of the cameras
before and after epipolar rectification

AHHUAE XL B W28 I | WL I I
x4 FF/m 0.051 86 0.051 88
Y% /m 0.000 63 0
2% /m -0.001 23 0
A iEEL/(°) 359.389 0
YR /(°) 359.424 0
2R /(°) 0.133 0

RS E 45 5, AMLAEE 35.23 mm, &R
H14.8 pmX 14.8 pm, SEESHEE Sk TAERE B520°4280
mm. THEA B EAMMG RN NP7 RS 28118 pm
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Table 3 Data acquisition scheme at different rotational speeds
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Fig.16 Radial errors measured by the proposed method at four
rotational speeds
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Fig.17 Tilt errors measured by the proposed method at four
rotational speeds
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Fig.18 Comparison of radial error motion trajectories at a
rotational speed of 20 (°)-s™!
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Table 4 The measurement results of the radial, axial and tilt

rotational errors of the proposed method

FR/((0)s) 2 )/um Hi 1) /um R ()
5 33.9 12.9 0.050 3
10 31.7 11.6 0.053 0
15 295 122 0.053 1
20 29.7 112 0.055 0
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Table 5 The measurement results of the radial, axial and tilt
rotational errors of the comparative experiment

Al /((°)sD £ 1)/um Hh17)/um ARH()
5 28.6 12.7 0.0504
10 28.5 12.6 0.0507
15 28.5 12.6 0.0507
20 28.8 12.7 0.0509
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Fig.20 Comparison diagram of the measurement results of these
two methods
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