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Abstract:

It is necessary for precise measurement to estimate the uncertainty of measurement result. When measuring

flatness error in close way by pitch, usually the uncertainty of measurement result is independently estimated according to

pitch points. By analyzing a concrete example, this paper proposed that the uncertainty should be evaluated by the correlation

calculating method. This approach greatly improved the deficiencies of the assessment method according to independent

measurement and enhanced measurement precision. It provides a reference value for uncertainty assessment in leveling a flat.
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In general, when measuring flatness error by pitch
in close way, the uncertainty of measurement result is
usually estimated independently according to the pitch
points'", because the measurement data of every pitch
are independent of one another. As showed in Fig.1,
X1, X, are the highest points, and x;, x, are the lowest
points, and after being measured by a horizontal
instrument, the flatness error F of the flat should be

calculated by
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Fig.1 Arranging lines
F o= % (Z, +47, - 27, -37,) (1)

where ZX] , sz » 2, and Zx4 are the height differences

between the pitch points x, , x,, x5, x, and the starting
point.

According to usual method, assuming Zos Zos

Z, and Z,, are independent, the uncertainty of

3

Y o [3-5]
measurement result uy is given by

(2)

The partial derivative describes how the output
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quantity is related to each of the input quantities. The
uncertainty of the measurement result is thus given by
adding the uncertainty multiplied by the squares of the
relevant partial derivatives, corresponding to the
different point uncertainty. The square root of the
uncertainty is a measure of the combined uncertainty of
the output quantity F'.

According to Eq.(2), the uncertainty of this

example is expressed as

up = %\/uil + 16ui2 + 4ui3 + 9ui4 (3)

Assuming the measurement data of every pitch is
equivalent accuracy and its standard uncertainty is o,
the uncertainty of every measuring point can be
estimated on the basis of the close way, then the
uncertainty of x,, x,, x; and x, are as follows,
respectivelym: w, = 1.120, w, = 1.100, u, =

0.840, w, = 1.225.

Substitute them for the equivalents in Eq. (3),
then

up = 1.2l4¢ (4)

The relation between le , Zx2 , Zx3 , Zx4 and the

measurement data L is expressed by matrix

20 T+
Z, Ly + 1, + 1

Z: 2 _ 3 4 7 5
aur (5)
7 Is + 1o+ 1; + I

Yy

In Eq. (5), the measurement data of pitch [, , I,,
by, Uy ls, lg, 1l;, and I are independent of one

another, whereas, le s Z2 , 2

X,

and Z, are by no

x3
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When

calculated in view of Eq.(2), the correlation items are

means independent, they are correlative.

neglected, therefore the value of w, is usually a bit

larger.

1 Correlation
Uncertainty

Calculating Method of

As the height difference Z between each pitch
point and the starting point can be indicated as linear

function of the measurement data of pitch /,, 1, =+, [,,

then it can be expressed as

Z=BL (6)
where B is the coefficient matrix of the measurement
data L; L is the n x 1 vector of the measurement
data.

L=100,L,,11" (7)
with  Eqs. (5) and (6),

In  comparison

apparently, here
7z
) 0000001100007
. Z., _|001100100000]]| L
Z,, 100000000000]] :
7 0000111100004 L7,
9

(8)
So the coefficient matrix B of the measurement

data in this example is

B, 000000110000
B 001100100000

B-=| "|= (9)
B, 100000000000

B, 000011110000

If the height value Z; of a pitch point «x; is the
linear function of L, its formula of vector is

Z. = BL (10)

The height value Z; of another pitch point x; is
also the linear function of L, its formula of vector is

Z = BL (in)

The covariance between x; and x; can be expressed
as'®

cov(x;,x,) = B,D(L)B;" (12)
where D (L) is the variance matrix of the measurement
data L. On the condition that the measurement data

ll’lz’“

the variance matrix D(L) is

*, [, are equivalent accuracy independent, then

2
0

2
07

D(L) =

[N

= . = EGz (13)

2
o

where E is a unitary matrix; ¢ is the variance of the
measurement data of every pitch. Then the covariance

matrix can be computed from"”

cov = BD(L)B" (14)
Substitute B in the above formula with Eq. (9),

we have

cov = o’ (15)

N O =N
S W =
- O O

H O = N

1 0
Judging from Eq.(lS),

covariance items between X1y, Xp, X3, and x4 are not

we know that the

all zeros, so the uncertainty u, of the measurement

result of flatness should be calculated as™*’
I

N (7F ) N-1 N (7F (7F E

up = [ Z:; (8%) uy + 2;‘7.;] Tx, ijcov(xi ,xj)]
(16)
According to Eq. (16), the uncertainty of this

example should be expressed as

up = %[ ui] + 16”; + 4ui3 + 9ui4 + 2(4cov(x,,x,)

=

= 0.5%¢

(17)
Compare the result of Eq. (4) with Eq. (17), its
ratio is
1.214/0.594 = 2.04

So it is obvious that the accuracy lost is too large

— 3cov(x,,x,) — 12cov(x, ,x4)]

if the uncertainty is estimated according to independent

measurement.
2 Conclusion

From the above analysis, we know that when
flatness error is measured by pitch in close way, though
the measurement of every pitch is independent, the
height differences between every pitch and starting
point are not independent, for all of them are the
function of the measurement data L. So it’s better to
be evaluated by correlation method. It can minimize
the measurement result uncertainty. The correlation
method can also be used in the uncertainty assessment

when measuring straight linearity error by pitch.
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