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Basic Concept of Feature Based Metrology

Kiyoshi TAKAMASU, Guo Bi-Wei, Ryoshu FURUTANI and Shigeo OzoNO

In coordinate metrology, an associated feature (Gaussian associated feature) is normally calculated from an extracted feature
which is determined by a measured data set of CMM (Coordinate Measuring Machine) using a least squares method. This data
processing flow which is called as “feature based metrology” disagrees with the data processing methods in profile metrology and
length measurement. The most significant difference between feature based metrology and profile metrology is quantity of a
number of measured points on each measured feature. In feature based metrology, the number of measured pointsis very small and
a data sampling strategy is a discrete sampling. On the other hand, a continuous sampling strategy to measure many continuous
points is adapted to profile metrology. In this paper, the basic concept of feature based metrology is discussed in defining a feature
model, calculating parameters of feature and estimating uncertainty of measurement. Three-dimensional modeling for
three-dimensional feature, least squares method and statistical estimation strategy for estimating the uncertainty of the feature
agree with feature based metrology. The series of simulations for the feature based metrology in statistical way directly implies
that the basic concept and the basic data processing method in this paper are useful to feature based metrology.

Key words: feature based metrology, coordinate metrology, coordinate measuring machine, Gaussian associated feature, |least

squares method, uncertainty of measurement
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Fig. 1 Data processing flow in feature based metrology *°
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Tablel Comparison of feature based metrology and profile metrology

Feature based metrology  Profile metrology

Number of measured points smgll many .
(10-20in 3D) (1000-10000 in 3D)
Uncertainty of measured
. large small
points
I high
Density of measured points i ow . . 'J .
(discrete sampling)  (continuous sampling)
Data processin extrapolate filterin
eSS
P g least squares method g
Objects of measurement parameters of feature profile
Model of feature yes no
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Fig. 2 Relationship between deviation of line slope S, and number of
measured point n with minimum zone method and least squares
method
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Fig. 3 Approximate curves of measured profile which is generated by
cubic equation (y = 0.01 x* — 0.15) with random errors

Table2 Coefficients of measured profile by least squared method for
approximate linear, quadratic, cubic and 4th equations

(@ High density measured point (Fig. 3 (a))

0.0949

) Coefficient Standard
Fauetion 1t 2nd 3rd 4th  deviation
Linear 0.0144 0.0063 0.2121
Quadratic 0.0086 0.0063 0.0007 0.2131
Cubic 0.0086 -0.1417 0.0007 0.0097
4th 0.0117 -0.1417 -0.0005 0.0097 0.0001

0.0953

(b) Low density measured point (Fig. 3 (b))

Equation Coefficient dSéVa?acti?;z

1st 2nd 3rd 4th
Linear -0.2496 -0.0167 0.5467
Quadratic  -0.5152  -0.0167 0.0228 0.5434
Cubic -0.5152 -0.1345 0.0228 0.0058 0.7449
4th -0.1588 -0.1345 -0.0967 0.0058 0.0044 0.5807
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