CUEET RS 2 M xR % W Vol. 43 No. 5
2022 4E 5 H Chinese Journal of Scientific Instrument May 2022

DOLI: 10. 19650/j. cnki. ¢jsi. J2209220

ETXEREMHEEZFNERERFILE
R~ =77 &

HOR IR, F 4
(DUNIRZFHUME TFR2E B ES 610044)

OB AR R T B AR O AR R G ERAE R ST AN TR R A R R I TAS R s, RO T EL B
B I R R TNRRAE R T HEA I, e S PR A 4% B M S 5 ORI, 4R 1 T 36 F KUK R 8 25 98 R SR R R R
PR T, SR LG U R SRR A S R AT T BRI, SRS T T AR T DO A A8 R B R i kI B LR
R R AR SR R L T AL G I R T BE TER TR R R RHE RGN 500, SCIR g LR $ i &%
Ky AR 3 A OIS R 25/ T 3 wm BIIEEL 8L Zernike 477 72 DABR Bl GRS AL R TR 8 25 48 2 s PN W)
SERGAE 5 REAE RS i BN R 2T W48 R 2 R R IHEE SE R A BT 8 o, AT T H i, DU 25 R P 4
e N H R T DU RO B R

KB B AT R AE A R LI

FESZES: TP391.4 TH701 XEkFRIRTE: A ERirEFRERE, 510. 4050

A visual measurement method for feature size of pendulum substrate
based on regional gray gradient difference

Xu Bin,Xu Fanying, Xin Ruoming

(School of Mechanical Engineering, Sichuan University ,Chengdu 610044, China)

Abstract ; Quartz pendulum reed is the core device of the quartz flexible accelerometer, and the machining accuracy of its key feature size
is determined by the machining accuracy of the pendulum substrate. The feature size of the substrate surface is routinely measured with
a tool microscope. This measurement process is complex, with poor repeatability and low efficiency. In this article, a method for
measuring the feature size of the pendulum substrate based on the regional gray gradient difference is proposed. Firstly, the hardware
structure of the visual measurement system is designed and developed. Secondly, the edge detection algorithm of the pendulum substrate
based on the regional grayscale gradient is established. Thirdly, the search and classification method of the feature edge points is
proposed around the structural characteristics of the pendulum substrate. Finally, the feature size measurement experiment of the
pendulum substrate is carried out. Experimental results show that the proposed edge detection method based on regional gray gradient can
replace the Zernike moment method to improve the edge detection efficiency when the fitting deviation of the center of the pendulum
substrate is less than 3 wm. The measurement system can complete the measurement of the characteristic size of the pendulum substrate
within 2 s, and the repeatability of the measurement of the characteristic size of the pendulum substrate in different postures is better than
8 wm. Compared with the tool microscope, the reliability and repeatability of the measurement results are improved, and the
measurement efficiency is significantly improved.
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Fig. 1 Schematic diagram of feature size
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Fig.2 Image of pendulum substrate
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Fig. 3 Recognition principle of bottom line
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Fig.4 Recognition principle of top line
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Fig.5 Recognition principle of left line and right line



55 5 3 VRO S R DO B E 22 S 422 Fr B A R AE RO e i 7 7%

3.4 FHERSTMERE

BRI 0 B4R R S SR D 2 5 R/ 5
USR5 280 C i i LG 5 T HEZR A [ R
RS HA SZB R AL, USHA TR
), A HELSRAE FZRANIE] 6 FT7n , 250 A RAE F T HELR
HIVEZE 1, 1, AOBE R, BRI ARRIRY £, AL, A PIZRAR
AT HE, TOIE BT

6 HHELENM HL

Fig. 6 Characteristic line of each frame line
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Fig. 8 Process of scale calibration
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Table 1 Center fitting results of two methods

Zg LoAlIpsRzS HEABHR x/pixel  PAALHR y/pixel  FEAT/s
Zernike Hi 77k 2 102. 262 1512.183 2.13

: ARk 2 102. 281 1512. 486 1.48
Zerike Hi 77k 2 083. 659 1 506. 609 2. 14

? AL 2 083. 330 1 506. 576 1.54
Zernike Fi 1% 2 044.778 1505. 150 1.85

’ E RS 2 045.032 1 504. 847 1.42
Zernike 775 2 054.956 1 532.049 2.16

! A 2 055. 182 1 531. 956 1.26
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Fig. 9 Measured data of the developed measurement system
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H) B(F) Table 4 Measurement results in different threshold values
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Table 3 Measurement results of three methods
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Images of calibration board
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Table 5 Calibration data of calibration board

pm/ pixel
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