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Estimation of Uncertainty in Feature Based Metrology (3rd Report)

— Form Deviation Model of Line Feature by Piecewise Polynomial —

Kiyoshi TAKAMASU, Makoto ABBE, Ryoshu FURUTANI and Shigeo OZONO

In coordinate metrology, it is the key technology to estimate the uncertainty of the measurement in a specific measuring

strategy. In this paper, the influence of the systematic error in feature based metrology is theoretically analyzed to a line

feature. When a line feature with a form deviation is measured with a coordinate measuring machine, the model which

consists of a smooth curve of low frequency and a random error can describe the form deviation of the line feature. The

technique of making the form deviation model of this line feature using a piecewise polynomial is proposed, and the

method of calculating the parameters by least squares method is formulized. Furthermore, the evaluation indicator in the

case of choosing a model and parameterization is shown. The reliability of the measured line feature is evaluated by

applying error propagation to this method. Some simulations are statistically performed for this method and the concept of

this paper and the usefulness of the fundamental data processing technique are confirmed.

Key words: uncertainty of measurement, form deviation, piecewise polynomial, line feature, coordinate metrology
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Fig. 1  Example of form deviation of line feature: no. of data is 512 in
512 mm
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Fig.2  Form deviation of line feature and approximate piecewise
polynomial curve, and residual under different conditions

A—=ZITRIRT D £, WEE~Z By DR, WEE y. &
WfebD &/, Zhaek 5) DL L, NTA—
2 OWEMEERDDZENTED.

P=[a, a, @, 4, I'=(A'A)/(A'D) (5

B 2 IZ XA ENXTHE L-#l25Rd. 73l oFE
Z 1mm BETHE LR 512 SoOBlES)I S, ZhEh (a)
% n,=5, d,=3, d.=1 OFE, ®) 1% n,=2, d,=3, d.=
1 OFEMTRAZEREZFHE LZ. ERITREM & X452 HE
X, FRIFEZEAZTRL, KoOMELZ#EWKHRTRT. (a)
TIHEROMMR T EEPTE, BELITFET UV FLER
Y ENTEDLN, (b) TREEELRKEL, EECMEIC
KDMHBENRHDLZ ERGNY, BIZHSTmET NV ERST
WV, ZO XL, EUTAETADOEBGERETDHZ L
NEETHD.

3. EASEADBERAE

3.1 RHZEXOEROFHHEE%E

A CERAL L2 HIET, WESANS XKy ZHA % R/
IR Lo TRHEAETE . LML, ROZHAE LT ny, dy
d. D3OERINTAMERDHD. Z 2 TITEIRT H7-DOFE
fliFEE 2~

BIBEIRET SBT3 ET VORI Gk E LT, FIE,
Cp # 7t H:, FPE (Final Prediction Error), AIC (Akaike’s
Information Criterion) 72 &, =D K& ZIZHESW G EE
BRI HER DO TS O, b oikE, Ik
FEOREZELRT A—LBOBGRNGET VERIRT 5 Hik
Thb. £, EUIFETIANELHEREL TWANEFHES



BB IS4 Vol.71, No.11, 2005, 1454-1458

1 \ \ \
I B R I L]
| | |
g8 | ! |
2 OW‘“*’*”‘ M e
_0.5 1 1 1
0 50 100 150 200
distance mm
(a) autocorrelation of residual of Fig. 2 (a)
1 \ \ \
T SO R I L]
. [ | |
] | |
= O ~— ]
-0.5 . .
0 50 100 150 200

distance mm
(b) autocorrelation of residual of Fig. 2 (b)
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