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Artifact Calibration of Coordinate Measuring Machine (3rd Report)
— Estimation of Uncertainty of Measurements After Calibration —

Kiyoshi TAKAMASU, Osamu SATO, Ken SHIMOJIMA and Ryoshu FURUTANI

Calibration methods for 3D mechanisms are necessary to use the mechanisms as coordinate measuring machines. The

calibration method of the coordinate measuring machine using artifacts, artifact calibration method, has been formulated in

taking account of traceability of the mechanism. In this article, estimation methods of uncertainties using the calibrated

coordinate measuring machine are formulated. Firstly, a variance and covariance matrix on measuring points is calculated

from a variance and covariance matrix of the kinematic parameters of the calibrated measuring machine. Secondly,

uncertainties of a size measurement or a point measurement in a workpiece coordinate system are estimated using the error

propagation method. Therefore, the estimation methods of uncertainties on the specified measuring tasks are formulated in

the artifact calibration.

Key words: geometric calibration, kinematic calibration, coordinate measuring machine, uncertainty of measurement
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Table 1  Correlations between different measuring points and, X and Y
coordinates of same measuring point relation to the uncertainties

Ty, Tqand Ty,
. . . XandY
source uncertaity different point R
coordinates

kinematic T os es
parameter r Y Y

encoder T, no yes

probing T, no no
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Fig. 1 Two dimensional coordinate measuring system by two line

cameras has three kinematic parameters; offset angles of vision
line of line cameras u;, u, and length of baseline b
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Fig. 2 Calibration points for the two dimensional line camera system;

no. of points: 25 in X of 50-150 mm and Y of 50-150 mm at 25
mm intervals, the camera 1 is located at (0, 0) and the camera 2 is
located at (200, 0)

Table 2  Calibration results from Fig. 2; standard deviations of three
kinematic parameters and correlation coefficients between

parameters
standard deviation correlation coefficient for
Uy b
u 0.0042 deg 0.0057 —0.4764
u 0.0042 deg - 0.4763
b 15.7 um -
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Fig. 3 Position uncertainties in the measuring machine coordinate
system after the calibration
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