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As it is known, a random variabM characterizing the measurement proc
can be associated with a measurement interva consequently, with the quality
results, therefore the measure. We introduce timdidence level that can be i-
buted to the occurrence of each single event assaciwith the variable M in tr
space of all possible measurement resS={m_, <M <m__}.

So, it is possible to assign the highest confiddezel, equal to one by corn-
tion, when we have the certainty tIM belongs tdS vice versa, the confidence le
IS minimum, equal to zero by convention, when thkies oiM do not belongo S.

Considering a subinterv [ma,mo] of S it is possible to assign a probability
the confidence level associated with the occurr@iM in [ma, mo].

From these assumptions, the random variM is characterized by aobabili-
ty distribution, that is a function of random ewethat represent the probability tl
the measurement belongs to one of the possiblatembals oiS. The probability cs-
tribution associated withl is all that is known in the measurement intl.

According to the GUM [1, 2] we introduc

P{M - E{M}|<ku, } = P{E(M} -k u, <M <E{M}-ku,}=p (1)

Eq. (1) represents the probability that the meaM is between its expecte
value E{M} plus or minus a quantity given by the product &f standard uncertain
u,, and the coverage factk. The parametep, denoted as confidence level, shc
tend to one to have a high value of the occurrefieam even

The interval:

E{M} -ku,, <M < E{M} + ku,, (2)
represents the confidence interval and it cannterpreted as that interval able
guarantee a high probability that it contains geanumber of possible values M.
Hence a rise of the value pfeads to an increase of the number of events igiwM
Is within the interval.

If the probability derity function f,, (m) of M is known, it is possible to a-
luate the confidence level by means of the follgwxpressiot
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E{M}+kuy,
p= [ f,(mdm, 3)
E{M}-kuy

It is now possible to indicate, explicitly, the meaement result as “uncertair
interval” associated with a measurand with an assigoafidence levep.
So, if we suppose to know the probability density, distribution functior

F. (M) is also known, given by its integral. Thereforeg tincertainty interval wit
confidence level p is defined by the equat

Pim, <M <m,}= m]:gfm(m)dm: Fu (My0) = Fu (M) =P ()

wherea is an appropriate value in the range [0, 1]. Theeexes of the interval vh-

in which M is enclosed takes the name of quantiles of theilaligion function F,, ,
and we have the following relationst

Fu(m,)=PMs<m}=a (5)

As introduced in [3], taking again into accotn independent successivb-

servations(o,....,0,) and assuming each observation normally distributed randor

variable with expected vallm, and standard uncertainty, , the ch-square distribu-
tion (n—l) degrees of freedom can be represente

> (0, -o)

2 —=1i=1
Xn—l ug (6)

n

being the mean of such variablO = pe! /n also normally distributed with me:
i=1

value m, and reduced variancug /n[4].

The uncertainty interval [5] can be introduced lopnsidering the Cl-square
probability distribution with associated n degrees of freeddfih the pre-arranged
confidence level p, this interval is defined

Plxz < 42 s xiot= Rl )- R lid)=p, (7)
where a is a value in the range from zero (1— p); the extremes (the interval x>
and )(ﬁm are, respectively, tha - and (p+a)— guantiles of the distribution fic-

tion of sz , whose cumulative distribution is given
F,(m =P{xZ <m=[1,(2dz (8)
0

A B -quantile is anm,so thatF, (m) = 8. Such quintiles are tabulated fof-

ferent values of degrees of freedv corresponding to the respecti 5 but they can
be obtained more efficiently by means of specifatistic software
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Table 1 summarizes the results concerning the &mndgliof the uncertaintyn-
terval with a = 0.025 + 0.005 anV = 1 + 100 acerding to Eq.(7). Consequently,
four histograms oft®® random generated observed values for different edsgol
freedom fitted with Gaussian distribution can beaoted, as shown in Fig. 1. F
each case, the mean and the standariation are also computed [3,

Table 1. Uncertainty interval amplitude in functiofv anda

v XSOZS /Y3975 X%OOS /Y3995

1 0.000982 5.024 0.0000393 7.879

2 0.0586 7.378 0.01 10.597

S 0.831 12.832 0.412 16.750
10 3.247 20.483 2.156 25.188
20 9.951 34.170 7.434 39.997
50 32.357 71.420 27.991 79.490
100 74.222 129.561 47.328 140.169

The ratio of two independent square variables, each ded by its respec-
tive degrees of freedom, is a random variiF, ,,, defined as follow:

‘ Xo /vy
F(v,,v,) =—

(Vi V,) P (9)

The probability density function (F,_,, can be represented

N I_[(V‘ +v )/2] Y2 /2 I‘]q(\/‘l/z)_1
f(m,V v ): \ 1 2‘ VV1/ VVz/ _ 10
2T, )" me, ez (@0

a) DOF =1
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Fig. 1. Four histograms 10> random generated observed values for differe-
grees of freedom (DOF) fitted with Gaussian disititin. Mean and standard da-
tion is also computed in €eh case.
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It can be observed that the distribution is asymimeind, in this case, b
quintiles m,;(vl ,Vz) defined as
mg (V,v5)
P{F(V‘lsv‘z)S Mg (Vv )} = ,[ f(mvy,v,)dm=p (11)
0
This can be verified, considering ttX\iﬂ,z =X\i +)(32 and X\Z_Vl = X\Z —X\i
Therefore it is possible to write the following egpsion
1
Vv,V )= ————
My [i)( 1 2) M, (V2.v,)

The theoretical contribution to assess the uncdytainterval, with relative
confidence level, in the case of n successive ghtiens is propo«d. The approach
Is based on the Clsiguare and Fisher distributions and the validitprgved by ¢
numerical example.

Thus, the presented work, confirms the prospectssofg the method forn-
certainty evaluation of different measureme

(12)
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