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Estimation of Uncertainty in Feature Based Metrology (1st Report)
— Uncertainty from Systematic Errorsin Calibration Process —

Kiyoshi TAKAMASU, Makoto ABBE, Ryoshu FURUTANI and Shigeo OZONO

In coordinate metrology, a feature (Gaussian associated feature) is calculated from a measured data set of CMM
(Coordinate Measuring Machine) using a least squares method. This data processing flow is called as “feature based
metrology” . In the feature based metrology, it is a key technique to estimate the uncertainty of measurement in the specific
measuring strategy. The estimation method for uncertainties of measured parameters has been aready proposed when the
only random errors are put in the consideration. In this paper, the effects of systematic errors are theoreticaly analyzed to
estimate the uncertainties in feature based metrology. The center position error and the diameter error of the ball probe are
occurred from the random errors of probing in calibration process. These errors propagate as unknown systematic errors to
the uncertainties of measured parameters such as the center position and the diameter of a measured circle. The method to
calculate the error matrix was derived when the center position and the diameter of the circle are measured. Using this
method, the uncertainties of the measured parameters can aso be calculated in the complex measuring strategy. The series
of simulations for this method in statistical way directly implies that the concept and the basic data processing method in
this paper are useful to the feature based metrology.

Key words: CMM, coordinate measuring machine, feature based metrology, uncertainty of measurement, calibration of
ball probe
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Table1

Uncertainty of center position and diameter of

measured circle by contributors of calibration
errorson Fig. 7 (b)

Center position
error of probe ¢, ¢,

Diameter error of
probe ¢y
(s not included)

Certificate error of
reference circle s;

X position error of
measured circle s,

1928 2441 1933 2444

Y position error of
measured circle s,

1956 2473 2266 2720

unit: nm
o o
o 0]
X 0]
2.444
2.720

Diameter error of
measured circle s

2733 3197 3419 3805 4.845

a2 4.895
Q =g 0.484
& 0.207

& 2444
Q =g 0.082
& 0111

0.484
5.065
- 0.210

0.082
2.720
0.018

- 0.2979
- 0.210-
6.865

0.111%
0.018-
48455
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