CRIECAE EF e G TR Vol. 24 No.9
2016 4F 9 H Optics and Precision Engineering Sept. 2016

XEHS 1004-924X(2016)09-2095-06
MERTBEENEPNEREERE

® EBREXD OKIRKLARE
(REBLAE BAKBARRAZLTHERLBE T K 116085)

TEE 25 R W AROG U ) IR ARG X ML 0 00 25 0 2 25CR R e, F R T OO SE R T O R R AR R £
TN R . dESr T m A% 22558 R AP RRTE FR X 13 20 ¥ M7 132 ok BCHE b SO 08 2 0 1 B T i s L B 0GR 1 0 % ) SR AT T
LA VRN PR 5 22 PR BRI Brenner R E0S 0 T R SR AR FIORT SR AR BT B IO W O B2 0158, @S T b I R 12, S8
TRHEANRE, SEERLEAHL BN FERER T R ESR T EEHEREY 24%, HETHWASRESRE
G ek 7k g ) T P Y ] IR I 7 4 A B v, 45 0 0 e 3 0 5 T L OB £ SR A T A AR E 22T 5K 1.9 pm,
DA 2003 A 0 B v o i XA I R P SR TR B AR B D A R BEAT TR ZR AR T BK Bl L -1 R U R T Y 6
R E ek Y L T

X O OREMBALBHAR: AR EBER ML RA RS Z TN

hE S E . TP242. 6; TH742. 9 SEEARIRAD ; A doi: 10. 3788/OPE. 20162409. 2095

Auto-focusing in optical microscopy for

machine-vision-based precise measurement
XU Zheng, CHEN Yu-fu, SUN Qian, WANG Xiao-dong”™ , ZHOU Zong-lei

(Key Laboratory for Micro/ Nano Technology and System of Liaoning Province,
Dalian University of Technology, Dalian 116085, China)

* Corresponding author, E-mail ; xdwang@dlut. edu. cn

Abstract: The auto-focusing precision of microscopy has great influence on the performance of
machine-vision-based precise measurement. A comprehensively quantitative evaluation method on
image auto-focusing technique in a microscopic vision environment was researched. Several kinds of
evaluation indexes were proposed, and the unbiasedness, unimodality, spatial resolution etc. of 13
groups sharpness functions were comprehensively evaluated in a microscopic vision condition. Then
variance function and Brenner function were chosen to calculate the sharpness functions in coarse and
fine focusing processes respectively. A modified Mountain Climbing Searching (MCS) algorithm was
proposed to implement the micro-automatic focusing. As comparing to common MCS method, the
modified method significantly improves the time consuming and increases the repeatability by about
24%. Finally, the developed auto-focusing algorithm was integrated into the system and was applied
to the measurement of armature gap in a servo solenoid valve. The results show that the standard
deviation of measurement is 1. 9 pm, the precision is similar to that of the universal tool microscope,

and the efficiency is significantly improved. Moreover, the system was also utilized for dynamic
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characteristic detection of gaps in the solenoid valve under the condition of power up. the relation

between driving current and armature gap is obtained, which provides a reliable evidence for in-situ

micro-assembly.

Key words: machine vision; microscopic imaging; auto-focusing; microassembly; Micro-electro-

mechanical System(MEMS) ; comprehensively quantitative evaluation
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Fig. 1 Framework of optical microscopy unit
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Fig. 2 Servo-valve and its armature gap
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Fig. 4 Flow chart of Modified Mountain Climbing Searching
(MMCS) method
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Fig. 5 Calculation of sharpness from images using

different functions
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Calculation results of sharpness evaluation indexes
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Tab. 2 Results of auto-focusing experiments
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