Aok B4 2 L £ O R Vol. 46 No. 4

2025 4F 4 H Chinese Journal of Scientific Instrument Apr. 2025

DOI: 10. 19650/j. cnki. ¢jsi. J2513791

ETHWEARHAKERZEHEASRENET X

O BRRE' R # ORUE EER
(1 PRPH ML R TAR2E0E YEBH 1108705 2. JLPH Tl R TARSE I PP 110870)

O ARSI R SRR e el vE ER BEARIN AR Tl B N M, N TR
N Y NIER e G L 4 (o X B LI U e AV YD m**r“ 0B A [ B 4 1 R T — b T X H ME BRI A 1 37 7 A
JERE AR, BT, 3T B0k A 4 DU 2 Al hR AR 460 R 2 S 0 R o A s o A A ST O B AR ) RS B bR A, A
AR T S A S He e R B IR ST A e SR A ML 32 BR 1 () AT, 338 o A4 2 EL AT 25 [RI 3 B MR P 1R U A
BEIR RS 4R L THRAE 5 VT D A0S r O AR AR A A vk | SR AR L0 PO R I R SV AR AR bR 2R T A AR R SR A, Ry 2 F
%%%Tﬂie%ﬁtﬂ@ &, HF ERIERE T H AR RS, ISR 20 mm B5EL 30 PR IGFE W I UERT 42, 7
~20° 6 ME I N T T RGEHAE B S A PR, 25 SRR I R A A Bk B 67 e R 57, 2
ﬁhmﬂwlifkr acE e, IR A M R G R T R ERZF M MR E S SN R MR R, O KR ERZ R il &2
BT B AR T B
KSR ACH L ; 5 A I L5 AR ARG I R
hESES ., THIT2 XERERIZAG: A ERFRAEFRERT . 460. 40

A high-precision measurement method for rotation angles of large-diameter
components based on binocular vision

Du Po"? Duan Zhenyun',Zhang Jing',Zhao Wenhui',Lai Engang’

(1. School of Mechanical Engineering, Shenyang University of Technology, Shenyang 110870, China;
2. Engineering Training Centre, Shenyang University of Technology, Shenyang 110870, China)

Abstract : Angle measurement, as a pivotal technology in the field of precision metrology, holds significant application value in modern
industries, such as aerospace, equipment manufacturing, and high-precision inspection. To address the challenge of high-precision
small-angle measurement in the precision manufacturing and assembly of large-diameter components such as large gears, this article
proposes an extended-field-of-view high-precision rotation angle measurement method based on binocular vision collaboration. Firstly, an
improved two-dimensional four-parameter coordinate transformation algorithm is employed to formulate a calibration model for the
measurement reference plate, achieving high-precision calibration and providing a reliable reference basis for angle measurement.
Secondly, to overcome the limited field of view of a single camera when measuring large-scale workpieces, a binocular vision
measurement system with complementary spatial fields of view is established. A feature point matching-based algorithm for solving the
field-of-view center coordinates is proposed, enabling the determination of the camera’s field-of-view center coordinates in the
measurement reference plate coordinate system. Thereby, a theoretical foundation for angle measurement is achieved. Finally, based on
the aforementioned methods, a binocular vision-based rotation angle measurement system is developed. A large gear with a modulus of
20 mm and 30 teeth is used as the test object. Systematic accuracy tests and repeatability verification are conducted within a rotation
range of 0° to 20°. The results show that the system achieves an absolute measurement accuracy of 6” and a repeatability accuracy of 5",
demonstrating high measurement precision and stability. The proposed method and the designed system meet the requirements for high-
precision dynamic angle measurement of large-diameter components, providing a new technical approach for such applications.
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Fig. 1 Basic schematic of rotating angle measurement
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angle measuring device
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Fig.3  Structure of reference plate
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Table 1 Main parameters of involute cylindrical

helical gears
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Fig.5 Experimental device
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Fig. 6 Calibration of reference plate
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Table 2 Coordinate values of selected points in the image
physical coordinate system of the image

LY N EUG Y P AL ARE/ (mm, mm)
A (=2.7518,-0.364 7)
B (-2.770 3,-1.483 4)
c (-1.8856,-0.868 3)
D (-1.934 6,-0.923 6)
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Table 3 Four parameters from the image physical
coordinate system to the calibration board coordinate system

ABFR A, AX AY m a
A 12.832 8 165.407 5 -0.999 9 3.139 4
B 367.747 4 166.399 7 -0.999 9 3.139 1
Cc 11.936 7 10. 899 3 -0.999 9 3.1395
D 366.981 1 10. 888 4 -0.999 9 3.1386
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Table 4 Coordinate of selected points in the calibration
board coordinate system

ABFR A T2 S B R A AL ARE/ (mm, mm)
A (10.081 96,165. 036 900)
B (364.981 10,164. 909 600)
c (10.053 11,10. 027 080)
D (365. 044 00,9. 970 665)
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Table 5 Coordinate of selected points in the reference

plate coordinate system

HEBR A TR A AR/ (mm, mm)
A (=0.414,-0.194 4)
B (354.529 8,0.013 6)
c (~0.280 0,244.786 5)
D (354.737 1,244.979 2)

WAL A B (C D AR 2 5 R E ARCFTI B v AR
AR F R AR, 23 500 SR S T S AR SE A A AR R
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Table 6 Four parameter values from calibration board

coordinate system to the reference board coordinate system

Y BERREAR AX AY m @
1 -10.326 8 -165.2615 -1.0003 3.1406
2 -10.3247 234.7516 -1.0001 3.1409
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(a) The coordinate curve of camera #1's center point in the
reference plate coordinate system
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Fig. 8 Verification results of measurement system accuracy
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Table 7 Partial measurement data of large gear angle
FEE AR ()
415

1 M5 ML 9 M 13 i 17 A 21 A5 25 A 29 M 33 i 37
1 0.321 4 1.602 8 2.883 1 4.807 8 6.084 5 7.368 9 9.296 4 11. 864 6 13.144 5 16.675 0
2 0.3211 1.601 5 2.882 1 4.806 4 6.085 4 7.367 2 9.294 7 11. 860 6 13.139 5 16. 670 3
3 0.320 8 1.602 3 2.8825 4.807 4 6.086 0 7.366 8 9.294 0 11.861 5 13. 1415 16.673 0
4 0.320 1 1.603 0 2.883 7 4.808 2 6.086 7 7.368 1 9.2959 11.863 0 13. 1422 16.673 6
5 0.320 4 1.603 1 2.8835 4. 808 4 6.086 9 7.367 5 9.2959 11.864 2 13.144 2 16. 676 4
6 0.319 8 1.601 9 2.8817 4.807 5 6.087 3 7.3659 9.2933 11.861 1 13. 1422 16.673 7
7 0.319 1 1. 600 6 2.880 2 4.804 9 6.084 6 7.363 3 9.2915 11.859 7 13.140 5 16. 671 3
8 0.3193 1.601 5 2.8815 4.806 3 6.087 5 7.365 4 9.293 7 11.862 5 13.143 8 16.672 1
9 0.319 6 1.602 0 2.881 8 4.807 2 6.089 4 7.367 1 9.2952 11.863 4 13. 144 6 16.674 1
10 0.319 1 1. 600 7 2.880 8 4.804 7 6.086 8 7.3650 9.293 1 11.861 0 13.144 0 16.672 1
11 0.3190 1.601 0 2.882 6 4.806 8 6.089 3 7.366 2 9.293 9 11.861 8 13.145 3 16.672 0
12 0.319 6 1.601 3 2.8823 4.805 6 6.088 3 7.365 2 9.293 0 11.861 1 13.143 3 16.671 5
13 0.319 4 1.601 4 2.881 6 4.803 9 6.087 7 7.364 2 9.290 6 11.858 0 13.142 0 16.671 6
14 0.319 1 1.601 0 2.8823 4.805 1 6.087 8 7.365 5 9.2915 11. 860 7 13.143 8 16. 670 3
15 0.3200 1.601 4 2.882 2 4.805 3 6.088 1 7.365 17 9.291 6 11.860 9 13.143 3 16. 671 4
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Fig.9 Calculation results of angle measurement data
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