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Artifact Calibration of Coordinate Measuring Machine

— Kinematic Calibration —

Kiyoshi TAKAMASU, Ryoshu FURUTANI, Ken SHIMOJIMA and Osamu SATO

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

calibration method of coordinate measuring machine using artifacts, artifact calibration method, is proposed in taking

account of traceability of the mechanism. There are kinematic parameters and form-deviation parameters in geometric

parameters for describing the forward kinematic of the mechanism. In this article, the kinematic parameters which describe

the forward kinematics when all elements of the mechanism have no form deviation, are taken up to be calibrated using

artifact calibration method. Firstly, the calculation system which takes out the values of kinematic parameters using least

squares method is formulated. Secondly, the estimation value of uncertainty of measuring machine is calculated using

error propagation method. The artifact calibration method is applicable to various types of 3D mechanisms.

Key words: Geometric Calibration, Kinematic Calibration, Artifact, Ball Bar, Coordinate Measuring Machine, 3D

Mechanism, Articulating Measuring Machine
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Table 1  Classification of calibration parameters

classification parameters

kinematic
calibration

size dimensions, positions,

geometric angular dimensions ...

form-deviation
calibration

calibration scale, straightness, pitching,

yawing, rolling ...

deformation, clearance,

non-geometric calibration .
on-geometric calibratio dynamic effect ...
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Fig.1  Artifact calibration of 3DOF articulating measuring
machine using ball bar
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Fig.2  Conversion form measuring machine coordinate system
to artifact coordinate system
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Fig.3  2DOF articulating measuring machine: kinematic
parameters p = (/1, L, dt2)", encoder outputs q = (1, t)'

W’ =(0,0)

Y ball bar W', = (80, 0)

rotate
t

(a) Measuring machine (b) Artifact coordinate system
coordinate system r = (X, Vr, t)
Fig. 4  Coordinate system by measuring machine and translation
to artifact coordinate system
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Fig.5  Positions of ball bars for calibration of 2DOF articulating
measuring machine by 5 and 20 ball bars in measuring machine

coordinate system
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