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Abstract: To address the problems of complex adjustment and limited outcomes associated with
existing rotational error measurement methods, an absolute coordinate measurement method
based on binocular vision was proposed to enable accurate and synchronous measurement of the
five-degree-of-freedom (5-DOF) rotational errors of precision rotary axes. A binocular vision
system was adopted to capture the images of the target as it moves with the rotary axis. The
absolute coordinate trajectories of the target spherical centers in the world coordinate system were
accurately obtained through sub-pixel edge detection, least-squares center fitting, and three-

dimensional coordinate reconstruction. An evaluation coordinate system was constructed with
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reference to the average axis line of the target, and a rotational error evaluation model based on
absolute coordinate trajectories was developed to quantify 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 obtained by the comparison method:
the maximum measurement deviation of radial rotational error is 5.3 pm, corresponding to a
deviation percentage of 18. 5% ; the maximum measurement deviation of axial rotational error is
1.5 pm, corresponding to a deviation percentage of 11. 86 ; the maximum measurement deviation
of tilt rotational error is 0. 004 1°, corresponding to a deviation percentage of 8.1%. All measurement
deviations lie within the estimated range of measurement uncertainty, indicating that the proposed
binocular vision measurement method exhibits high reliability. This research provides a solution
for the geometric accuracy assessment of rotary axes.

Keywords: binocular vision; absolute coordinate trajectory; five-degree-of-freedom rotational

errors; rotational error evaluation model; synchronous measurement
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Fig. 1 Error motions of the rotation axis
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Fig. 2 Binocular vision measurement principle for five-
degree-of-freedom rotational errors of precision

rotary axes
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Fig. 3 Calibration image 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. 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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signal and its first-order harmonic waveform
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Table 3 Data acquisition scheme at different rotational speeds
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Fig. 16 Radial errors motions measured by the proposed

method at four rotational speeds
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Fig. 17 Tilt errors motions measured by the proposed

method at four rotational speeds

K18 NAEM A AR T e oy 20 ()« s TR
A28 1) 1% 22 3 S U O AT BE o DA TET R A kG S

zkxb. xjtu. edu. cn

LR LU R 7 15 AR 1 A2 18] 52 Sl B 19 T
R BE— B0k I HAE 4% 5 g # B2 A 1) 45 K
ZEARHEIE 8 pom s XA IR T AR 37 ¥k A [ £ 5
b AR R 22 02 Bl £ S HERR T

90° - N
o so 60
\\"QOO
\
\
00
/
/330°
/

2405300
270° AL pm
B 18 i 20 (°) « 57 R AR ) R 2 18 ST A X B

Fig. 18 Comparison of radial error motion trajectories

at a rotational speed of 20 (°) « 57!

ATy RN B A 45 R A R
B AR ] A o) R AR (] B 58 2% 4y i 4 Rk 5
JE7ws s X EL R 2R an ] 19 iz . BT LA L 78R [F] 5%
BN PR 5k T4 4 T iR 25 A e R AT W) G AR 0]
PREAES () o WP REM 5.3 pmL WEH
Sy HR 18,500 s Bl iR 25 7E 20 (O) « s H B ERCR
2208 1.5 pm, i 25 A 40 He oA 1108 %05 il A8k i 22 76
20 (°) o s B LA KR 2EMH 0. 004 17, 22 A 43 b
F8.1%.,
k4 AL kG el etz 2 gL R
Table 4 Measurement results of the radial, axial and tilt

rotational errors of the proposed method

. o REI IR 4l 1) [ i A4 Il
/() es D " o
P2/ pm PR 22/ pm w2/ ()

5 33.9 12.9 0.050 3

10 31.7 11.6 0.053 0

15 29.5 12.2 0.053 1

20 29.7 11.2 0.055 0
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Table 5 Measurement results of the radial. axial and tilt

rotational errors of the comparative experiment

ey oy ERRE WARE B
WZE/pm  BRZE/pm RB2E/O)

5 28.6 12.7 0.050 4

10 28.5 12.6 0.050 7

15 28.5 12.6 0.050 7

20 28.8 12.7 0.050 9
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methods
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