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Automatic Measurement of Gage Block
Using Digital Image Processing

Y.U.Ko™, H.S.Suh", Y.5.Lee”, T.B.Eom”

Abstract

We have carried out a research on automatic measurement of gage blocks below 250mm
and then improved the accuracy of the system, and reduced the measurement time using

image processing technique and computer interface.

The accuracy of the system is

(230 + 1033012 nm (L:m) with confidence level of 95%. We participated APMP gage block
intercomparision-1993/1994. The Ist round intercomparision showed thal the measured values
of all 5 gage blocks were within 21 nm from average.
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Gage block, Interferometer, Fringe Analysis, Air Relractivity, Thermal Expan-
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Fig.1 Schematic diagram of gage block interferom-
eter system
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Fig.2 Schematic diagram of optical system of gage
block interferometer
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Fig.3 Interferometric fringe of gage block and base
plate. phase difference e= d/D
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Fig.5 Calculation of difference by correlation
coefficient
fp() : sampled fringe intensity of base plate
fgl) : sampled fringe intensity ofgage block
fr(@) : correlation coefficients between fp(i)
and fg{i)
phase difference &=(n1-P1)/(P2-P1)
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Fig.6 Experimental results for 8 mm gage block.
Light source is ™Cd lamp. Wavelengths are
(a) 644 nm (b) 508 nm () 480 nm (d) 468 nm.
GB : intensity of gage block fringe
BP ' intensity of base plate fringe
CC : correlation coefficient.
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Fig. 7 Flainess of 8 mm gage block
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7 AclA %2 5389 7Y ILEA (PTB) A
DPEE g3 v BE st £33 Z3E Table 1
o EQTh &% Ao BEX Aelx] EE o] 2
mm7tA = MB7re 273 dxzt & A 10()
mme| AelA BFe A% Heu Cde 2HEHLIS
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Table 1 Comparative data for the evaluation of
gage block interferometer

, carrection value | carrection value
norminal length | = - eprss of PTB
(mm)
(¢m) (am)
1.0 -0.01 -0.01
3.0 -0.03 -0.04
10,0 +0.06 +0.03
250 +0.04 +0.04
1000 +0.05 +0,09
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Uy = K- (35 (14)

A7 s 2 o3 29dAe 28
2a 8909 A4, Ke tEEA '—_|7b
7o) s AR Aolch A -T-L% 95%= 5}
T &4 108 Egong K=22 35t

Uy =2x[9+27+1.3+12 +8.3+833L

70517 + 4812 + 30012 + 36317 + 4.617
9.712 + 300L* + 1912]"

= (230 +103301%)"*nm (15)

Table 2] HlAl £5 A & &% £8x

Table 2 Sources and estimations of uncertainty

. uncertainty ]
sources of kinds of physical [0 ith ‘95 26
uncertainty uncertainty uncertainty cunﬂdmct)z level
wa of -8
b feo s 5X10 8L
gage block
ture
a. calibration ] 4 mK, 53L
b. measurement S 1 mK 141
« of gage block 8 03%107 3L
phase difference
i R 9 nm 104
aif vef. index $ 33x10° 3L
air ref. index
caleulation
a. temperaﬂ.lre 5 4 mK 430
b. pres 0.015 mmHg 6.2L
. lelauve humuhty 3% 351
d, CO2 concentration 50ppm 8.7L
interferometer
o slit g N -
b nemideal optics 1/30 fringe 10
c. F/P 2 nm 2
phase change
. reflection g N -
fb:_surface roughness 6 nm 69
wringing S 5 nm 58

(8 : systematic error, R * random error,
N : negligible, F/P : flatness/parallelism)
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