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Mathematical Fitting Method

1 Mathem heglttmg Method is an eff %ethod to
analysis t fple errors of instruments

1 To analysis the @Q\ ple errors a%;t-ruments, the key
problem is to obta ctual relavionship between the

output and input of anJ

Pri
actual relatlonshlp output and input —

Ideal relatlons ween m&ut and input
1 How to determ ’ actual relatiopship-between the
output and i fan Instrument?

#Next (?
S %
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1 How to ne the actual relations een the
output an of an mstrument’?

ZTheoretical é%!
wDesign st

ZExperimental meas e nd data fitting
=Manufacturing lon stage

[ How to determine the\a? al relationship between the
output and input mstrume@mding the
measurement %,( .

/MathemQ&% itting ¢
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Mathematical Fitting Method

[ The prob)?ﬁfitting a mathematical @To a set of

measurem

common among many~disciplines.
ZIn precision @Ering, the%bmay

=provide com agon r errors in a machine
o

wseparate feature r m a part’s ideal shape

w=help diagnhose s errors in a machine
and/or process

1 The model could \‘tic or d§/ l&-and consist of
nearly any mat ical function oseébi/ the user.
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Mathematical Fitting Method

Q 1 The fitting processd4le e‘rb’fnes the

j, . values of model p ters that
x“d minimize a sc@lar measure of the
60& residual errﬁ%ﬂﬁveen the fit and the
/?n ments
5: tfsquares fitting, the
L3 x -

reis the sum of squared
therwise known as the L2
the error vector.

&/Other'me uges of practical interest

are the sugfof absolute values (the
\ L1 norm) antl thgfppak-to-valley error
(the L~ norm).

x
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Mat atical Fitting Method: Least-Squares
Fitting

d The Iea@es technique is the m %fable

mathemati arguably provides best fitto a
set of measurg@l . %.

3 The Ieast-squaresétti gives tive maximum
likelihood estimation of/the ‘parameters when the

measurement errors are iggependent and normally
distributed with equal‘s@ eviations [Press et al.,

1992]. X .
O For example, if.tw@'n\%del IS a co@t, then the least-
squares solut's@s e average of the %urements.
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Mat atical Fitting Method: Least-Squares
Fitting

3 Linear fi&@ $(b
W Polynomia@s?quares

[ Nonlinear Ieast%es %’
 Planar fit / .

1 Spherical fit é

1 Fitting surfaces of rev
3 Cylindrical fit X
1 Conical fit

O Fitting a gene l&DSQu revolution&‘a‘
3 Fitting qu surfaces
7 Fitting‘é&plines C?O
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Lis;Squares Fitting: Linear Regreséon
1 The mo iliar example is linear re s¥@n where
the model 1 guation of aline (ali r model)

b °
 The following Equé n& equations for n

measurements It requi
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Least@®qyares Fitting: Polynomial Least-8guares

m Choosiw@gt model ‘b‘
= X+ a, X +- %
A To use a collectloé( ;}at i y,, ) (i=012,---,1g

estimate the coefficie

3 Applying the Ieast s rlo to this situation

requires the m|n| on of
2
% {yi ijij}
=1

=1
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Least-@quares Fitting: Polynomial Least-8guares

n ;Xi
Zn:x, ix?

| X E{T&% szm i J
1 How to so@e above equation systeé
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Least-@quares Fitting: Polynomial Least-8guares

O éo,él,éz@ IS the estimation of @% a
7

’ 1 “*m
[ The actual rela p of outpuw%lhput of an
Instrument

™

O
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Least@®qyares Fitting: Polynomial Least-8guares

7 Ex: %2 ?ﬂﬂﬁﬁ‘!ﬁﬁ@%~%ﬁﬁiﬂ%%cﬂ?@%§%
AP E LK Ui, ti) (i =0,1,...,6), ti NG, Ui NiEE1E
s H L DL =K % T GOz S AR BeAs %

7 %21 PR BB

0 1 | e 3 4 5 6
mE ti/IcC 17.03 18.01 ).00 21.00 22.00 23.00

L UilmV -0.17054 O.@AB% Q,69679 0.97324 | 1.24212 | 1.50351

T LR RN AT TR i 7€ Z0E F v S LK A
MR, 4 TR . EERL RrtE T RE N

= fiu )Q'\% 6 +3.34696 U + 0.14410 U
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or Analysis of Control System
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or Analysis of Control System
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or Analysis of Cont
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or Analysis of Control System
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or Analysis of Control System
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@or Analysis of Control Systems
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Vector Algebra
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Vector Algebra .
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Vector Algebra
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Vector Algebra: Application
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C ; Vector Algebra S
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let N.=xi+yj+zk

NN (i- ] 3)§~
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Vector Algebra

Nl'Nz=INII'|NE|CGS ¢
=cos(90° + a )~ — @ 15 N2 3244 >
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= ix+.? % ..&
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= cos(QQ | .
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C ; Vector Algebra S
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C ; Vector Algebra S
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Vector Algebra
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Vector Algebra
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Vector Algebra
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Vector Algebra
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Vector Algebra
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Vector Algebra
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Vector Algebra
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ﬁo);rdinator Transformation I\/Iethig
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Coordinator Transformation
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Coordinator Transformation
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