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Rezumat: Lucrarea prezintd modul in care poate fi utilizat un rezultat al masurarii, inclusiv
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1. INTRODUCERE

In metrologia legald se iau multe decizii
bazate pe rezultatul masurdrii unui masurand.
Un element important al increderii in deciziile
luate 7l constituie probabilitatea cu care se crede
ca valoarea adevaratd a masurandului se afla
intr-un interval de valori, cerut de reglementari,
ale unei marimi de aceeasi natura cu
masurandul. Aceasta este §i probabilitatea ca
valorile din componenta rezultatului masurarii
masurandului dat, sd se situeze in intervalul
respectiv.

Incertitudinea de masurare, ca parte
,componentd” a rezultatului mdasurarii, devine
astfel, un parametru important in stabilirea
increderii in deciziile luate.

2. CAZUL INCERCARILOR DE
CONFORMITATE, ATUNCI CAND SE
COMPARA UN MIJLOC DE MASURARE
CU UN ETALON

2.1 Rezultatul masurarii

Se aratd in [1], ca atunci cand se compara un
mijloc de masurare supus etalondrii sau
incercarii de conformitate cu wun etalon,
masurandul ([2] - VIM3, 2.3) supus masurarii
este eroarea de indicatie E,. O reprezentare
grafici simplificatdi a rezultatului masurarii
(VIM3, 2.9) este cea din figura 1 in care
Eino < [€nom s U(Einom ), FDPg, 1 este rezultatul
masurarii, atunci cand marimea de iesire din
modelul matematic al masurarii este variabila
aleatorie E,p, Tn care e,p, e€ste valoarea

masurata, u(e,ypy,) este incertitudinea standard

1. INTRODUCTION

In legal metrology many decisions are taken
based on the measurement result of a
measurand. An important element of confidence
in decisions is the probability that it is believed
that the true value of the measurand lies within
an interval of wvalues, required by the
regulations, of a quantity of the same kind as the
measurand. This is the probability that the
values in the composition of the measurement
result lies within that interval.

The measurement uncertainty, as "part" of
the measurement result is thus an important
parameter in establishing confidence in such
decisions.

2 THE CASE OF CONFORMITY TESTS,
WHEN COMPARING A MEASURING
INSTRUMENT TO A MEASUREMENT
STANDARD

2.1 Measurement result

It is shown in [1] that when comparing a
measuring instrument that is subject to
calibration/ conformity testing to a mesurement
standard, the measurand ([2] - VIM3, 2.3) is the
error of indication E,. A simplified graphical
representation of the measurement result
(VIM3, 2.9) is shown in Figure 1, where
Eino < [€inpm» U(€1npm )s FDPg ] is the
measurement result when the output quantity in
the measurement mathematical model is the
random variable E,p, where e,p, is the

measured value, u(ep,) IS the standard



asociata valorii masurate, iar FDPg, semnifica
functia densitate de probabilitate; se considerd o
distributie normala. e;,, este valoarea
adevarata, ,,in esentd unica” (VIM3, 2.11, nota
3), a mdsurandului E,, care nu se cunoaste, U
este incertitudinea extinsa, kK = 2 iar €,
reprezintd valorile posibile care ar putea fi
atribuite aceluiasi masurand E, .

uncertainty associated to the measured value
and FDP, is the density probability function; it
will be considered a normal distribution. e, is
the true value, "essentially unique" (VIM3, 2.11,
note 3), of the measurand E,, that is not known,
and U is the expanded uncertainty, k = 2, and
e,np represent the possible values that could be

attributed to the same measurand E, .
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Fig. 1: Reprezentarea grafica a rezultatului masurarii erorii de indicatie
Fig. 1: Graphical representation of the measurement result when the measurand is error of indication

2.2 Probabilitati si riscuri

Relatiile (1) si (2) permit utilizarea
rezultatului masurarii
Eino < [€nom» UEnom), FDP ] la  determinarea
probabilitétilor si riscurilor privind deciziile de
conformitate relativ la limitele specificate date
de valorile extreme EMT. si EMT., ale erorii de
masurare, denumite erori maxime tolerate si
ilustrate in figura 2. Semnificatia probabilitatilor
si riscurilor este legata de valoarea adevarata a
masurandului E, .

2.2 Probabilities and Risks

Relations (1) and (2) allow the use of the
measurement result
Eino < [8nom» U(Einpm ), FDPg ] In determining
probabilities and risks on conformity decisions
relative to the specified limits given by the
extreme values EMT. and EMT. of the
measurement error, called maximum
permissible errors and illustrated in Figure 2.
The significance of probabilities is related to the
true value of the mesurand E, .

P.emt (Binom) =PIHEMT_ < Ejp <EMT,)=Gg (EMT,)-Gg (EMT.)

=Pr(E,yp < EMT, ) —Pr(E,\p <EMT_)
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incare: G gg,, sunt functile de

Einp
distributie, respectiv densitate de probabilitate
([3,4] - GUM, C.2.4, C.2.55i C.2.14);

P.evt (Bnom) €Ste probabilitatea ca valorile
variabilei aleatoare Ej,sd se situeze in
intervalul + EMT (adica  intre  limitele
specificate EMT. si EMT,). Deoarece, la
determinarea celei mai bune estimatii a valorii

} denp

)

where: G¢ , gg are distribution function and

the probability density function ([3,4] - GUM,
C.2.4,C.25and C.2.14);

P.emr (Binom) 1S the probability that the
values of the random variable E,,, to be within

the interval +£EMT (i.e. between specified
limits EMT. and EMT.). Because in determining



adevarate, se presupune cd mai ramane o eroare
sistematicd necunoscuta care se aproximeaza cu
zero, atunci se poate spune ca valoarea adevarata
a masurandului E, se crede ca se situeaza, cu
probabilitatea  p,gyr (Enom)» 1N intervalul
+EMT .

lemt (Bnom)  €StE probabilitatea  ca
valorile variabilei aleatoare E,,sd se situeze
in afara intervalului + EMT .

In relatia (3), p.,, este probabilitatea ca
valorile variabilei aleatoare E,psa se situeze
in intervalul *z-u(ep,), dar se poate
interpreta si in sensul cd valoareca adevaratd a
masurandului E, se crede cd se situeaza, Ccu
probabilitatea p,,,, n intervalul +z-u(e,yom)
din jurul valorii masurate €,\pn, -

Pentru U =k-u(epnpm) SI Z=K, P,
devine p,, . Pentru o distributie normala si k=2,
avem p,, =095450 iar p,, =0,68269
independent de pozitia valorii masurate ,p,, P€
abscisa.

the best estimates of the true value it is assumed
that there remains an unknown systematic error
that is approximated with zero, then one can say
that the true value of the measurand E, is

thought to lie, with the probability
P, emt (Einom) » Within the interval + EMT .

Iewr (Bnom) 1S the probability that the
random variable values E, lie outside the

range + EMT .
In (3), p,,, Is the probability that the

random variable values E,, to be in the
range +z-u(e,yp,) but it can be interpreted in
the sense that the true value of the measurand
E, is thought to lie, with the probability p,,,, .
within the interval +z-u(e,p,) around the
measured value e o, -

For U=k-u(epn) and z=k, p,,,
becomes p,,. For a normal distribution and
k=2, we have p,, =0,95450 and
p,, =0,68269 independent from the measured
value e,\p,, Position on the abscissa.

Py = Pr(€inom —K - U(Einpm) < Einp < €inpm + K- U(Binpm))
=Gg, (nom +K-U(@npm)) — Gk, (Einom — K- U(Enpm))
=Pr(Ejnp <€npm +K-U(npm)) = Pr(Einp < €npm — K- U(E1npm)) (3)

einom*+KU(einpm)

= IgE,ND (enp)denp —
enom KU (einom 1
IND! ( IND! ) 1

U(ejnpm)V2- 7 ©

einom—K-U(€inpm)

Tn figura 2, de la (a) la (i) sunt ilustrate 9
rezultate posibile ale masurarii ca cel din figura
1, care se deosebesc numai prin valoarea
masurata. Valorile masurate se situeaza intre
limitele specificate EMT. si EMT, (abcisele de la
(d) la (g)), In afara acestor limite (abcisele (a),
(b), (h) si (i)) sau pe o valoare limita (abcisa (C)),
iar rezultatele masurdrilor se intersecteaza cu
limitele specificate EMT. si EMT, Tn 5 cazuri
(abscisele (b), (c), (d), (g) si (h)) si nu se
intersecteaza n celelalte 4 cazuri.

Mobilitatea valorii masurate e,p, din

aceste 9 abscise este reprezentata unitar pe
abscisa (I) unde graficele semnifica probabilitati
si riscuri asa cum vor fi prezentate in continuare.

einom—KU(€inpm)

_[g Eno (€nD)€inp

€inp—€inDm

2
u(einom) } deIND

In Figure 2, from (a) to (i), 9 measurement
results as in Figure 1 are illustrated that differ
only by the measured value. The measured
values are between the specified limits EMT.
and EMT, (abscissa from (d) to (g)), outside
these limits (abscissa (a), (b), (h) (i)) or on a
limit value (abscissa (c)) and the measurement
results intersect themselfs with the specified
limits EMT. and EMT. in 5 cases (abscissa (b),
(c) (d), (g9) (h)) and does not intersect in the
other four cases.

The mobility of the measured value epn,
in these 9 abscissa is represented unitarily on the
abscissa (I) where the graphics mean
probabilities and risks as described below.
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Fig. 2: Reprezentarea graficd a mai multor rezultate ale masurarii masurandului eroare de indicatie E,

care se deosebesc prin amplasarea pe abscisa a valorii masurate relativ la limitele specificate EMT. si
EMT.: de la (a) la (i); probabilitati si riscuri privind deciziile de conformitate relativ la limitele specificate:
(1); principiile ,,SR” (risc distribuit) si ,,GB” (banda de sigurantd) de luare a deciziei de conformitate: (j),
respectiv (k)

Fig. 2: Graphical representation of multiple measurement results of the measurand error of indication E,
that they differ in the location on the abscissa of the measured value relative to the specified limits EMT.
and EMT..: from (a) to (i); probabilities and risks on conformity decisions relative to the limits: (I);
principles "SR" (shared risk) and "GB " (guard band) of decision making under (j,) respectively (k)

Figura 2 prezintd avantajul ca, 1ntr-o
reprezentare unitara intalnim, pe de o parte
grafice ale unor functii care au ca variabild
valoarea, oricare ar fi ea, e,p a marimii de

iesire E,p (abscisele de la (a) la (i)) si, pe de

alta parte grafice ale unor functii si intervale de
conformitate care se analizeaza in functie numai

de valoarea masurata e,p,, (abscisele de la (j)
la (1)), toate avand elementele comune date de

Figure 2 shows the advantage in a uniform
representation we meet, on the one hand graphs
of functions that have the variable the value,
whatever it is, e, of the output quantity E o
(abscissa from (a) to (i)) and on the other hand
plots of functions and conformity intervals to be
analyzed depending only on the measured value
enom (abscissa from (j) to (1)), all having
common elements given by the specified limits
by regulations EMT. si EMT, and the coverage



limitele specificate de reglementari EMT. si
EMT. si de intervalul de extindere £U din jurul
valorii masurate €,ypn, -

Acest mod de reprezentare este sugestiv,
permite identificarea facila a elementelor care
fac deosebirea intre notiuni cum ar fi valoare si
valoare masurata a unei marimi de iesire, functie
densitate de probabilitate si probabilitatea ca
valorile rezultatului masurarii sa se afle intre
limitele specificate, interval de extindere si
interval de  conformare/neconformare  si
ilustrarea principiilor ,,SR”- ,shared risk” si
,GB” — ,quard band” utilizate la luarea
deciziilor de conformitate [1].

Curba 1 din figura 2 - (1) ilustreaza
parametrul  p.cyr (€nom)  PENtru cazul
U = /3)-eMT ilustrat la abscisele de la (a) la (i).
Curbele 1’ si 1” ilustreaza acelasi parametru dar
pentru cazurile u =EmT, respectiv U =2-EMT.
Curbele 2, 2’ si 2” ilustreaza parametrul
Iemr (Binom) Pentru aceleasi valori mentionate
anterior ale incertitudinii extinse u iar curbele 3
si 4 ilustrezd probabilitatea p, , respectiv p,, .

Principiul ,SR” de luare a deciziei de
conformitate este ilustrat in figura 2-(j), unde
U, este limita maximd specificatd a valorilor

determinate ale incertitudinii extinse U ; Tn acest
caz U, =(/3)-EMT [5,6,7,8] si U=U,.
Principiul ,,GB” de luare a deciziei de
conformitate este ilustrat in figura 2-(k).

Daca se iau decizii de conformitate, atunci
intervalele de conformitate ilustrate Tn figura 2,
lit. (j) si (K) sunt: C - interval de conformare,
NC - interval de neconformare, CR/NCR -
interval de conformare/neconformare cu risc
distribuit iar parametrii definiti de relatiile (1) si
(2) se utilizeaza astfel:

P.emt (Binom) €StE probabilitatea ca decizia
de conformare/conformare cu risc distribuit
sia fie corectd, sau riscul ca decizia de
neconformare/neconformare cu risc distribuit
sa fie incorecta.

I.ewr (Bnom) €Ste probabilitatea ca decizia
de neconformare/neconformare cu risc
distribuit sa fie corecta, sau riscul ca decizia de
conformare/conformare cu risc distribuit sa
fie incorecta.

Conformarea inseamna decizia
,conform”/”admis” luatd pe baza faptului ca se
crede ca valoarea adevdratd a lui E, se afla intre
limitele specificate EMT. si EMT,, cu
probabilitati foarte mari (de ex.
>0,5-(1+p.y,)). Aceasta presupune ca valoarea

masurata, oricare ar fi ea, €,yp,,se incadreaza in

interval +U around the measured value ey, -

This representation is meaningful, makes it
easy to identify the elements that make the
difference between concepts such as value and
measured value of an output quantity,
probability density function and the probability
that the measurement result values lie between
specified limits, coverage interval and the
interval of conformance/non-conformance and
the illustration of the "SR" - "shared risk" and
"GB " - "quard band” principles used in making
conformity decisions [1].

Curve 1 in Figure 2 - (I) illustrates the
parameter  p.cur nom)  fOr  the  case
U =@/3)-emT illustrated in abscissa from (a) to
(i). Curves 1’ and 1" illustrate the same
parameter but for cases u=-emt, and
uU=2.-EMT. Curves 2, 2' and 2" illustrate the
parameter r.q,r (€,nom) for the above expanded

uncertainty values uand curves 3 and 4
illustrate the probability p,, , respectively p,,.

The "SR" principle of making the
conformity decision is illustrated in Figure 2 -
(), where U, is the specified maximum limit
of the determined values of expanded
uncertainty u ; in this case U, = (1/3)- EMT
[5,6,7,8] andU =U,, . The "GR" principle of
making the conformity decision is illustrated in
Figure 2 - (k).

If conformity decisions are taken, then the
conformity intervals illustrated in Figure 2,
point. (j) and (k) are: C - conformance interval,
NC - non-conformance interval, CR/NCR -
conformance/non-conformance with distributed
risk interval and the parameters defined by
equations (1) and (2) are used as follows:

P.evt (Binom) 1S the probability that the
conformance/conformance with distributed
risk decision to be correct, or the risk that the
non-conformance/non-conformance with
distributed risk decision to be incorrect.

I'emt (Binom) 1S the probability that the non-
conformance/non-conformance with
distributed risk decision to be correct, or the
risk that the conformance/conformance with
distributed risk decision to be incorrect.

Conformance means the decision as
"conform"/"admitted" taken on the basis that it
is believed that the true value of E, is within
specified limits EMT._ and EMT,, with very high
probabilities (e.g. >0,5-(1+p,,)). This
implies that the measured value, whatever it is,
enom 1S Within the conformance interval C and
that U < EMT . For curves 1’ and 1" in Figure 2



intervalul de conformare C si U < EMT . Pentru
curbele 1’ si 1”7 din figura 2 - (1) nu este posibila
o astfel de decizie de conformare, deoarece nu
poate exista intervalul C.

Neconformarea inseamna decizia
,neconform”/’respins” luata pe baza faptului ca
se crede ca valoarea adevaratd a lui E, se afla in

afara limitelor specificate EMT. si EMT,, astfel:

- cu probabilitati foarte mari (de ex.
>0,5-(1+p.y)), pentru figura 2 - (j);

- cu probabilitati mici in apropierea limitelor
(de ex. >0,5-(1-p,y)). pentru figura 2 - (k).
Aceasta presupune ca valoarea masurata, oricare
ar fi ea, se incadreazi in intervalul NC
respectiv.

Conformarea cu risc distribuit inseamna
decizia ,conform”/”admis” luatd pe baza
faptului ca se crede ca valoarea adevarata a lui
E, se afla intre limitele specificate EMT. si
EMT, cu probabilitati mai mari decat 0,5.
Aceasta presupune ca valoarea masurata, oricare
ar fi ea, se Tncadreze in intervalul CR respectiv.

Neconformarea cu risc distribuit inseamna
decizia ,,neconform”/’respins” luatd pe baza
faptului ca se crede ca valoarea adevarata a lui
E, se afla in afara limitelor specificate EMT. si
EMT, cu probabilitati mai mari decat 0,5.
Aceasta presupune ca valoarea masurata, oricare
ar fi ea, sia se fincadreze Tn intervalul
NCR respectiv.

Tn cazul din figura 2 - (k), principiul ,,guard
band” (,,GB”) utilizat la luarea deciziei de
conformitate prezinta particularitatea ca permite
riscuri foarte mari pentru unele decizii de
neconformare.

Tn cazul din figura 2 - (j), principiul ,,shared
risk” (,,SR™) utilizat la luarea deciziei de
conformitate prezinta particularitatea ca permite
riscuri similare pentru deciziile de conformare si
neconformare chiar daca aceste riscuri sunt mari
pentru rezultate ale masurarii aflate in
apropierea limitelor specificate EMT. si EMT,.

Uneori, la luarea deciziei de conformitate, se
aplicd combinatii ale celor doud principii.

Elementele ilustrate n figura 2 sunt
prezentate sub forma numerica in tabelul 1.

Nivelul de Tincredere Tn deciziile de
conformitate luate si riscul ca deciziile de
conformitate sa fie gresite sunt afectate atat de
rezultatul masurarii care ,,include,, incertitudinea
de mésurare cat si de pozitia relativa pe abscisa
valorilor erorii de indicatie dintre valoarea
masuratd si limitele specificate (tabelul 1,
coloana 1).

- () such a conformance decision is not possible
because there is no conformance interval C.
Non-conformance means the decision as
"not-conform"/"rejected" taken on the basis that
it is believed that the true value of E, is outside

of specified limits EMT. and EMT,, as follows:

- with wvery high probabilities (e.g.
>0,5-(1+p,,)), for Figure 2 - (j);

- with low probabilities near the limits (e.g.
>0,5-(1-p,,)), for Figure 2 - (k). This implies
that the measured value, whatever it is, is within
the NC interval.

Conformance with distributed risk is the
decision as "conform"/"admitted" taken on the
basis that it is believed that the true value of E,

is within specified limits EMT. and EMT,, with
probabilities greater than 0,5. This implies that
the measured value, whatever it is, is within the
CR interval.

Non-conformance with distributed risk is
the decision as "not-conform"/"rejected" taken
on the basis that it is believed that the true value
of E, is outside of specified limits EMT. and

EMT,, with probabilities greater than 0,5. This
implies that the measured value is within the
NCR interval.

In the case of Figure 2 - (j), the "shared risk"
("SR") principle used in making the conformity
decision has the particular feature that allows
similar risks related to conformance and non-
conformance decisions even if those risks are
great for measurement results in near the
specified limits EMT. and EMT..

In the case of Figure 2 - (j), the "shared risk"
("SR™) principle used in making the conformity
decision has the particular feature that allows
similar risks related to conformance and non-
conformance decisions even if those risks are
great for measurement results in near the
specified limits EMT. and EMT..

Sometimes, in making the conformity
decision, we apply combinations of the two
principles.

Elements illustrated in Figure 2 are
presented in numerical form in Table 1.

The confidence level in taken conformity
decisions and the risk that the conformity
decisions to be wrong are to be affected by both
the measurement result which “includes” the
measurement uncertainty and also by the
relative position on the error of indication
abscissa between the measured value and the
specified limits (Table 1, column 1).



Tabelul 1

Table 1
€NDm P.emt Riscul ca decizia deRiscul ca decizia de
N conformare/conformare jneconformare/neconfor-
cu risc distribuit sa fiejmare cu risc distribuit
eresita sa fie gresita
The risk that the[The risk that the non-
conformance/conformaniconformance / non-
ce with distributed riskiconformance with
decision to be incorrect {distributed risk decision
leemt =1— Paemt to be incorrect
Piemt
u <l u _ i u _ l u -1 u < l u <l
EMT 6 | EMT 3 | EMT 2 | EMT EMT 6 EMT 6
“GBH “SR” “GBH “SR”
1 2 3 4 5 7 8 9
EMT —ux2 0,02275 | 0,02275 | 0,02275 | 0,02272 RWW 0,02275 | 0,02275
— ¥
EMT —uxl 0,15866 | 0,15866 | 0,15865 | 0,15731 R%h\ Q 0,15866 | 0,15866
EMT —ux05 | 030854 | 0,30854 | 0,30853 | 0,30233 N‘H‘W 0,30854 | 0,30854
— M
EMT. 0,50000 | 0,50000 | 0,49997 | 0,47725 N‘M 0,50000 | 0,50000 | 0,50000
EMT +ux05 | 069146 | 0,69146 | 0,69123 | 0,62466 h\ . 0,30854 | 0,69146 RW
EMT +uxl 0,84134 | 0,84134 | 0,83999 | 0,68269 W 0,15866 | 0,84134 m‘x
EMT +ux?2 097725 | 0,97722 | 0,95450 [ 0,02275 | 0,02275 | 0,97725 N‘M
— Iy
EMT +ux3 0,99865 0,00135 | 0,00135 HWE\ Q
0 1,00000 | 0,99730 | 0,95450 | 0,68269 | 0,00000 | 0,00000 | NASSIIRAPNSS
EMT, —ux3 0,99865 0,00135 | 0,00135 N Wm‘\
EMT —ux?2 0,97725 | 0,97722 | 0,95450 0,02275 | 0,02275 | 0,97725 \X o
+ P,
EMT, —ux1 0,84134 | 0,84134 | 0,83999 | 0,68269 \W 0,15866 | 0,84134 h\ Q
EMT, —ux05 | 069146 | 069146 | 069123 | 0,62466 ‘\W 0,30854 | 0,69146 W
EMT, 0,50000 | 0,50000 | 0,49997 | 0,47725 \m‘m 0,50000 | 0,50000 | 0,50000
e,
EMT, —ux0,5 | 030854 | 030854 | 0,30853 | 0,30233 h\ M\W 0,30854 | 0,30854
EMT, +ux1 0,15866 | 0,15866 | 0,15865 | 0,15731 WH% 0,15866 | 0,15866
EMT, +Ux2 0,02275 | 0,02275 | 0,02275 | 0,02272 Wm‘\ 0,02275 | 0,02275
Nota: U=U(€npp): Teemr = eemr (Binom) 5 Peemr = Pieur (Binom) 3 »NA™ din celulele cu hasuri inclinate
aratd ca decizia la care se refera riscul nu se aplicd pentru valoarea mdsuratd €y, corespunzatoare din
coloana 1
Note: u=u(enpm) ;s Meemt = Memt Einom) 5 Piemt = Piemt (Binom) 5 --NA” in the sloping hatch cells shows
at the decision referred to the risk does no apiply to the correspon ing measurea value e or colomn
that the d ferred to the risk d t aplply to th d d value e, of col
1.

Prevederile de la pct 2.1 si 2.2 sunt specifice
unui singur punct din intervalul de masurare al
mijlocului de masurare supus evaludrii
conformitatii (ML) si pot fi aplicate pentru
fiecare alt punct din intervalul de masurare
pentru care se repetd masurarea erorii de
indicatie E,.

The provisions of sections 2.1 and 2.2 are

specific to a single point in the measurement
interval of the measuring instrument subjected
to conformity assessment (ML) and can be
applied to every other point in the measurement
interval for that the measurement of error of
indication E, is repeated.



3. CAZUL UTILIZARII UNUI MIJLOC
DE MASURARE DE LUCRU (ML)
DECLARAT , ADMIS” LA EVALUAREA
CONFORMITATII

3.1 Rezultatul masurarii
3.1.1 Cazul general

Un mijloc de masurare de lucru (ML)
declarat ,,admis” la evaluarea conformitatii,
adica un ML legal, se utilizeaza, in general, la
masurarea unui masurand Y dintr-un domeniu
de interes public [9,10]. O reprezentare grafica
simplificatd a rezultatului masurarii este cea din
figura 3 in care Yy, < [Yum: U(Ymim)s FOPyw ]
este rezultatul masurarii, atunci cind marimea de
iesire din modelul matematic al masurarii este
variabila Y, , Tn care vy, este valoarea

masuratd, u(y,, ) este incertitudinea standard
asociata valorii mdsurate iar FDP,,, semnifica
functia densitate de probabilitate; se considerd o
distributie normald. y,,, este valoarea

adeviarata ,,in esentd unicd” a masurandului Y,
care nu se cunoaste, U este incertitudinea
extinsa, k = 2 iar y,, reprezinta valorile posibile
care ar putea fi atribuite aceluiasi masurand. Se

foloseste, in multe cazuri, functia de masurare
din relatia (4).

3 THE CASE OF USING WORKING
MEASURING INSTRUMENT (ML)
DECLARED "ADMITTED" AT THE
CONFORMITY ASSESMENT

3.1 Measurement result
3.1.1 General case

A working measuring instrument (ML)
declared "admitted” at the conformity
assesment, i.e. a legal ML, is generally used for
measuring tasks for reason of public interest
[9,10]. A simplified graphical representation of
the measurement result is shown in Figure 3 in

which Yy < [Yyim U(Yuim): FDPyy ] is the
measurement result when the output quantity
from the mathematical model of measurement is
variable Y,, , where YMLm is the measured
value, u(yu.,) IS the standard uncertainty
associated with the measured value and
FDP,,,_ is the probability density function; it is
considered a normal distribution. Yiav is the
true value "essentially unique" of measurand Y ,
which is not known, and U is the expanded
uncertainty, k = 2 and vy,, represent the

possible values that could be attributed to the
same measurand. The measurement function in
ecuation (4) is used in many cases.

Yur < [Yamim:U(Ynmm)s FDPyw ]

Fig. 3: Reprezentarea grafica a rezultatului masurarii masurandului Y utilizind mijlocul de masurare de lucru ML
Fig. 3: Graphical representation of the measurement result when the measurand Y is measured by using a ML

YML = XML + ZéXMLj - EIND (4)
j

in care:

Xy este marimea de intrare care constd din
indicatia ML observatd atunci cand cu acesta se
masoard masurandul Y ;

OXyy; sunt corectii ale caror valori

asteptate sunt considerate, de reguld, nule, adica
E[oX\\pj] =0, caz in care corectiile nu aduc

where:

XuL is the input quantity which
consists of the indication of ML observed when
it is used to measure the measurand Y ;

X are corrections whose expected
values are considered, wusually, null, i.e.
E[oX\p;j]1 =0, in this case the corrections do



contributie la estimatia marimii de iesire dar
aduc contributie la incertitudinea de masurare
asociata estimatiei acestora. Corectiile care intra
in aceastd categorie sunt, in general, cele care
privesc limitarea datd de rezolutie, fluctuatiile
indicatiilor atunci cdnd masurandul se mentine
constant, variatia indicatiilor atunci cidnd ML
este utilizat n conditii diferite de cele din timpul
etalonarii/verificarii metrologice, deriva
instrumentala a ML.

E,np este mdrimea de intrare care consta
din rezultatul masurarii erorii de indicatie la
momentul etalonarii/verificarii metrologice a
ML ([1], relatia (3)); daca functia de masurare a
erorii de indicatie la momentul
etalonarii/verificarii metrologice ia n
considerare si repetabilitatea/reproductibilitatea
de masurare, atunci in loc de E, , se va folosi

variabila aleatorie E, ., ([1], relatia (10)).

Scriind  relatia (4) dupa inlocuirea
variabilelor aleatorii cu valorile lor asteptate,

respectiv. E[X,, 1. E[Vy.1 E[Xy] si

E[E,\5] si aproximarea valorilor asteptate cu
estimatiile lor, obtinem:
Yuim = Ive = €inom ©)

n care

Yuum ©€ste valoarea masuratd a marimii de
iesire Yy, ;

I, este indicatia observata la masurarea cu
ML a masurandului Y ; atunci cand se fac
masurari repetate, |,, este, de regula media
aritmetica a indicatiilor individuale;

Enpm €Ste valoarea masuratd a erorii de
indicatie ([1], relatia (6)).

Incertitudinea standard asociatd valorii
Yuim » Presupunand cd marimile de intrare sunt
independente, este data de relatia (6):

not contribute to the estimate of the output
guantity but contribute to the measurement
uncertainty associated with their estimate.
Corrections which fall into this category are
generally those relating to finite resolution of
the indicator, indication fluctuations when the
measurand remains constant, the indications
variation when ML is used under different
conditions from those during metrological
calibration/verification, instrumental drift of
ML.

E,\p is the input quantity which consists in

the result of the measurement of the error of
indication at the time of calibration/metrological
verification of ML ([1], equation (3)); if the
measurement function of the error of indication
in the moment of calibration/metrological
verification takes into consideration also the
measurement repeatability/reproducibility, then

instead of E,, it will be used the random

variable E, ., ([1], equation (10)).

Writing the equation (4) after replacing
random variables with their expected values,
respectively E[X,, 1, E[Yy, ], E[oX,,;] and
E[E,\o] and the approximate of the expected
values with their estimates, we get:

Yuim = I —€inom )
where:

Yuim is the measured value of the
output quantity Y, ;

I, is the indication observed in the
measurement with the ML of the measurand Y ,
when making repeated measurements, |,, is
usually the aritmetic average of individual
indications;

Gnom is the measured value of the error of
indication ([1], equation (6)).

The standard uncertainty associated to the
value Y, ., assuming that the input quantities
are independent, is given by (6):

UZ(YMLm)=U2(|ML)+U2(e|NDm)+ZU2(E[éXMLj]) (6)
i

in care u(l,, )=0 iar u(e,p,) este datd de [1]
- relatiile (7, 8, 9).

S-a presupus ca, in relatiile (5) si (6),
corectiile iau forma de termen de adunare mai
degraba decat de factor.

3.1.2 Cazul utilizarii de mijloace de
masurare supuse controlului metrologic legal

Rezultatul masurarii

where: u(l,, )=0 and u(ep,)is given
by [1] - equations (7,8,9).

It was assumed that in relations (5) and (6)
the corrections take the form of an addend rather
than a factor.

3.1.2 The use of measuring instruments
subject to legal metrological control case

The meaurement result



Eino < [Einoms U(Binom ) FDPg ], nu este
cunoscut la momentul utilizarii ML. Totusi, se
cunoaste altceva, adica: (i1) Daca la verificarea
metrologica s-a aplicat principiul ,,SR”, atunci se
stie ca €,\p, Se poate afla oriunde in intervalul
ClICR, adica e,p, €CLICR (figura 2-(j)).
Daca €p, se afld in intervalele extreme CR,

apropiindu-se de limitele extreme EMT. sau
EMT,, atunci din ce in ce mai putine valori
apartinand rezultatului masurdrii raman in
interiorul intervalului £ EMT si din ce in ce mai
multe trec in afara acestui interval in vecindtatea
limitelor.

Se considerd cazul particular in care
incertitudinea extinsa U =k -u(e,\pm) =Y 1e
unde, k=2 pentru o distributie normald si
U, =@1/3)-EMT.

(i2) Daca la verificarea metrologica s-a
aplicat principiul ,,GB”, atunci se stie cd €,p,
se poate afla oriunde 1Tn intervalul de
conformanta C (figura 2 - (K)), ca in acest
interval probabilitatea ca valorile rezultatului
masurarii erorii de indicatie sa se afle in
intervalul + EMT este mentinutd inaltd, (de ex.
> 0,5-(1+p,,)). Rationamentul de la (il)

ramane valabil si in acest caz cu conditia
inlocuirii limitelor EMT. si EMT, cu extremele

intervalului C.

Tn aceste cazuri, se considerd e, =0 n
relatia (5) iar in relatia (6) se renunta la termenul
u(enom) §i se reconsiderd incertitudinea

standard u(l,, )dupd cum se aratdi fin
continuare.

Cazul (i1)

u(l,, ) se considera abaterea standard a
unei distributii trapezoidale ilustrate Tn figura 4
prin graficul FDP, s al functiei densitate de
probabilitate si este datd de relatia
u(l,, )=a®-@1+p%)1/6 (GUM, 4.3.9), unde
p=bla=(EMT -U,)/(EMT +U,) =0,5.
Deci u(ly, ) =0,609-EMT .

Cazul (i2)

u(l,, ) se considera abaterea standard a
unei distributii trapezoidale ilustrate in figura 4
prin graficul FDP, g al functiei densitate de
probabilitate. Pentru
p=b'"la’"=(EMT -2-U)/EMT =1/3.  Deci
u(ly, ) =0430-EMT .

Eino < [€inom» U(einpm ), FDPg, ] obtained at the

moment of the metrological verification is not
known when the ML is used. However,
something else is known: (il) If at the
metrological verification the "SR" principle was

applied, then it is known that e, might be

anywhere within the C[JCR interval, i.e.
enom €CLICR (Figure 2 - (j)). If enpm 1S
within the extreme intervals CR, approaching
the extreme limits EMT. or EMT,, then
increasingly fewer values belonging to the
measurement result remain within theinterval
+ EMT and more go outside this interval within
the limits vicinity.

We consider the specific case where the
expanded uncertainty U =Kk-u(eypm) =Y
where k=2 for a normal distribution and
Ui, =@1/3)-EMT.

(i2) If at the metrological verification the
"GB" principle was applied, then it is known
that e,p, might be anywhere within the
coformance interval C (Figure 2 - (Kk)), that
within this interval the probability that the
values of the error of indication result of
measurement to be within the interval + EMT
is kept high, (e.g. > 05-(1+p,,)). The
reasoning from (il) remains valid also in this
case provided replacement the limits EMT. and

EMT. with the extreme values of the interval C.
In these cases, we consider €y, =0 in

(5), we drop the term u(e,\y,) in (6) and we

consider the standard uncertainty u(l,, ) as
shown below.

Case (i1)

u(l,, ) is considered the standard deviation
of a trapezoidal distribution illustrated in Figure
4 by the chart FDP, o, of the probability

density  function and is given by
u?(l, )=a%-@1+p?)/6 (GUM, 4.3.9), where
p=bla=(EMT -U,)/(EMT +U,)=0,5.
So u(ly,. )=0,609-EMT .

Case (i2)

u(l,, ) is considered the standard deviation
of a trapezoidal distribution illustrated in Figure
4 by the chart FDP, ggof the probability
density function. For
p=0b'la"=(EMT -2-U)/EMT =1/3. So
u(l,, )=0,430- EMT .



Daca presupunem ca, aplicand relatiile (4),
(5) si (6) - obtinem o distributie normald, atunci
valorile minime ale incertitudinii standard si a
celei extinse (pentru k=2) asociate valorii
masurate vor fi:

- pentru cazul (i1): u(yy.n,)=0,609-EMT

si U=122-EMT (7)
- pentru cazul (i2): u(yy.,)=0,430-EMT
si U=0860-EMT 8)

Chiar daca cele doud cazuri, (il) si (i2),
conduc la incertitudini extinse sensibil diferite,
asa cum arata relatiile (7) si (8), totusi in
lucrarea [7] se recomandd utilizarea unei
distributii dreptunghiulare (GUM, 4.4.5) pentru
ambele cazuri, adica:

u(ly, ) = EMT /43 =0577-EMT 9)
solutie care Indeparteaza, aparent in mod
nejustificat, valoarea incertitudinii standard fata
de valoarea de la (i2) - valoarea din (9) s-a
indepartat de cea din (8) cu 34%.

Tn cazul particular al unui cinemometru care
se intentioneaza a se utiliza la masurarea
masurandului VEH (viteza autovehiculelor care
se deplaseaza pe drumurile publice),
Ven < Veinm UVeinm)s FDPyoin] este rezultatul
masurdrii iar veh,, este valoarea adevarata ,,in

esenta unicd” a masurandului.

If we suppose that, applying relations (4) (5)
and (6) we obtain a normal distribution, then the
minimum values of the standard and expanded
uncertainty (for k = 2) associated with the
measured value will be:

- case (i1):  u(Ym.m)=0,609-EMT and
U=122-EMT (7

- case (i2):  u(Ym.m)=0,430-EMT and
U =0,860- EMT (8)

Even if the two cases (il1) and (i2), lead to
extended uncertainties significantly different, as
shown by equations (7) and (8), however in
reference [7] is recommended to use a
rectangular distribution (GUM, 4.4.5 ) for both
cases, namely:

U(ly, ) = EMT /43 =0577-EMT 9)
solution that carry away, apparently wrongly,
the standard uncertainty from the value of (i2) —
the value from (9) moved away from (8) by
34%.

In the particular case of a cinemometer
intended to be used to measure the measurand
VEH (the speed of motor vehicles traveling on

public roads), Vey < [Veinm, U(Veinm): FDPyein]
is the result of the measurement and veh,,, is

the true value “essentially unique" of the
measurand.

T DP b’
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Fig. 4: Reprezentarea grafica a densititii de probabilitate cu care un ML contribuie la rezultatul masurarii
Fig. 4: Graphical representation of the probability density contribution of a ML to the measurement result Y,,

3.2 Utilizarea rezultatului masurarii la
decizii in aplicarea unor prevederi legale
(cazul cinemometrului)

Relatile (9) si (10) permit utilizarea
rezultatului masurarii Vg < [Vepm U(Vem)s FOPvei]

atunci cand masurandul este VEH, la
determinarea probabilitatilor si riscurilor privind
deciziile de conformitate relativ la limita

3.2 Utilization of the measurement result
in law enforcement decisions (cinemometer
case)

Relationship (9) and (10) allow the use
of the measurement result

Ve € Vemm U0enm)s FDPy] — Of - the  measurand

VEH in determining the probabilities and risks
on conformity decisions relativ to the limit



specificata, data de valoarea extrema VLIM a
valorilor masurandului, ilustrata in figura 5.

given by the extreme value VLIM of the
measurand values illustrated in Figure 5.

VLIM
Pviim (Veinm) =Gy VLIM) =Pr(Veyy <VLIM) = [ gyg, (Von)dven

VL.I[M 1 2
= _  .p
—o U(Venm) V2 7

2
71{VCIN—VCINm

u(vcINm) } dVey

1)

fvim Veinm) =1=Pyviim (Veinm) (12)

incare: Gy, 0y, sunt functile de

distributie, respectiv densitate de probabilitate;
Pvim Venm)  €Ste  probabilitatea  ca

valorile variabilei aleatoare V., sa se situeze

sub VLIM.
fvum Vonm)  €Ste probabilitatea  ca

valorile variabilei aleatoare V., sa se situeze

peste VLIM.

P,,, S1 P,y au semnificatia similard cu cea
de la pct. 2.2 si se pot obtine cu ajutorul relatiei
(3) numai dupd inserarea elementelor
rezultatului masurarii V¢, n locul elementelor
apartinand E . Pentru o distributie normala si
k=2, avem p,, =0,95450, iar p,, =0,68269 .

Tn figura 5, de la (a) la (f) sunt ilustrate 6
rezultate ale masurarii ca cel din figura 3 adaptat
la cazul particular al cinemometrului, care se
deosebesc numai prin valoarea masurata.
Valorile masurate se situeaza sub limita
specificata VLIM (abcisele (e) si (f)), peste
aceasta limita (abcisele (a), (b), si (C)) sau pe
valoarea limitd (abcisa (d)), iar rezultatele
masurarilor se intersecteaza cu limita specificata
VLIM in 4 cazuri (abcisele de la (b) la (e)) si nu
se intersecteaza in celelalte 2 cazuri.

Mobilitatea valorii masurate Vg, din cele

6 abscise este reprezentatd unitar pe abscisa (i)
unde graficele semnifica probabilitati si riscuri,
asa cum vor fi prezentate in continuare.

Curbele 1 si 2 din figura 5-(i) ilustreaza

parametrii Py, (Veinm) » respectiv. ryg v (Veinm)
pentru incertitudinea extinsd u din rezultatele
masurdrii ilustrate la abscisele de la (a) la (f);
valoarea minima a lui U este data de relatiile (7)
sau (8). Curbele 3 si 4 ilustreazd probabilitatea
p.y . respectiv p,, .

Principiul ,SR” de luare a deciziei de
conformitate este ilustrat in figura 2-(Q).
Principiul ,,GB” de luare a deciziei de
conformitate sub cele doud forme, ,,GBa” si
,GBb”, este ilustrat in figura 2-(h); ,,GBa” se
poate aplica atunci c&nd, interesele comunitatii
ca traficul sa fie sigur, primeaza in dauna celor

where: Gvcm’ Iy, are distribution,

respectively probability density functions;
Pvim Veinm) is the probability that

values of the random variable V., to fall below

VLIM.

rvum (Veinm ) 18 the probability that values
of the random variable V,, to fall above VLIM.

P,,. §1 Py, have similar significance to
that in section 2.2 and can be obtained from the
relationship (3) only after insertion of elements
of the measurement result V., instead of the
elements belonging to E,,,. For a normal
distribution and k = 2, we have p,, =0,95450
and p,, =0,68269 .

In Figure 5, from (a) to (f) are illustrated six
measurement results as in Figure 3 adapted to
the particular case of cinemometer, that differ
only by the measured value. The measured
values are below the specified limit VLIM
(abcissa (e) and (f)), over this limit (abcissa (a),
(b) and (c)) or on the limit value (abcissa (d)),
and the measurement results intersect the
specified limit VLIM in 4 cases (abcissa from
(b) to (e)) and do not intersect in the other two
cases.

The mobility of the measured value v¢, in

these 6 abscissa is represented unitarily on the
abscissa (i) where the graphics mean
probabilities and risks as they will be presented
below.

Curves 1 and 2 in Figure 5 - (i) illustrates
the parameters Pviim Veinm) s and

rvim (Venm ) fOr the expanded uncertainty U in

the measurement results illustrated on the
abscissa from (a) to (f); the minimum value of U
is given by equations (7) or (8). Curves 3 and 4
illustrate the probability p.,, , respectively p,,.

The "SR" principle of making a conformity
decision is illustrated in Figure 2 - (g). The
"GB" principle of making a conformity decision
under two forms, "GBa" and "GBb", is
illustrated in Figure 2 — (h); ,,GBa” may be
applied when the interests of the community for



ale soferului iar ,,GBb” se aplica atunci cand
primeaza interesele soferului, care risca sa fie
sanctionat in caz de neconformare. Aceste
principii nu sunt exaustive, sunt descrise prin
extrapolarea celor similare prezentate la cap. 2
in legatura cu decizia de conformitate referitoare
la mijloacele de masurare si ar trebui sia fie
descrise in documentele pe care trebuie sa le
respecte utilizatorul in timpul exploatarii ML.

Intervalele de conformitate ilustrate in figura
5-(g) si (h) sunt: C - interval de conformare,
NC - interval de neconformare, CR/NCR -
interval de conformare/neconformare cu risc
distribuit.

Conformarea inseamna decizia
»conform”/”admis” referitoare la masurandul
VEH luatd pe baza faptului ca se crede ca
valoarea adevaratd a acestuia se afla sub limita
specificata de lege VLIM, astfel:

- cu probabilitati foarte mari (de ex.
>0,5-(1+p,,)) pentru principiile ,,SR” si
,»,GBa”; figura 5-(9) si (h);

- cu probabilitati mici in apropierea limitei
(de ex. >05-(1-p,,)) pentru principiul
,GBb”; figura 5 - (h).

Aceasta presupune ca valoarea masurata,
oricare ar fi ea, Vg, se Incadreazd in

semiintervalul de conformare C.

Neconformarea inseamna decizia
»heconform”/”respins” referitoare la masurandul
VEH si eventual aplicare de sanctiune, luatd pe
baza faptului ca se crede ca valoarea adevirata a
masurandului se afld peste limita specificata de
lege VLIM, astfel:

- cu probabilitati foarte mari (de ex.
>0,5-(1+p,,)) pentru principiile ,,SR” si
,GBb”; figura 5-(g) si (h);

- cu probabilitati mici in apropierea limitei
(de ex. >05-(1-p,,)) pentru principiul
,GBa”; figura 5 - (h).

Aceasta presupune ca valoarea masurata,
oricare ar fi ea, Vvqy,Se Tncadreaza in

semiintervalul de neconformare NC.

Conformarea cu risc distribuit inseamna
decizia ,,conform”/”admis” referitoare la
masurandul VEH luata pe baza faptului ca, se
crede cd valoarea adevidratd a acestuia se afld
sub limita specificata de lege VLIM, cu
probabilitati mai mari decat 0,5. Aceasta
presupune ca valoarea masurata, oricare ar fi ea,
se ncadreze in intervalul CR.

Neconformarea cu risc distribuit inseamna
decizia ,,neconform”/”’respins” referitoare la
masurandul VEH si, eventual o aplicare de
sanctiune, luatd pe baza faptului ca se crede ca

a safe traffic are more important than the
expense of the driver and "GBb" applies when
the driver's interests prevail and driver risk to be
penalized in case of non-conformance. These
principles are not exhaustive, they are described
by extrapolating the similar ones presented in
chapter 2 in conjunction with the conformity
decision on the measuring instruments and
should be described in the documents that must
comply with the user during operation of ML.

Coformity intervals illustrated in Figure 5 -
(9) and (h) are: € - conformance interval, NC -
non-conformance  interval, CR/NCR -
conformance/non-conformance with distributed
risk interval.

Conformance means the decision as
"conform”/"admitted” on the measurand VEH
taken on the basis that it is believed that its true
value is below the limit specified by law VLIM,
as follows:

- with very high probability (e.g.
>05-(1+p,,)) for the "SR" and "GBa"
principles; Figure 5 — (g) and (h);

- with low probability near threshold (e.g.
>0,5-(1-p,,)) for the "GBb" principle; Figure
5 - (h).

This implies that the measured value,
whatever it is, Vg, 1S Within the conformance

interval C.

Non-conformance means the decision
as "not-conform"/"rejected" on the measurand
VEH and possibly sanctions taken on the basis
that it is believed that the true value of the
measurand is above the limit specified by law
VLIM as follows:

- with very high probability (e.g
>05-(1+p,,)) for the ,SR” and ,GBb”
principles: Figure 5-(g) and (h);

- with low probability near threshold (e.g.
>0,5-(1-p,,)) for the ,,GBa” principle; Figure
5—(h).

This implies that the measured value,
whatever it is, Ve, 1S Within the NC interval.

Conformance with distributed risk is the
decision as "conform"/"admitted” on the
measurand VEH taken on the basis that it is
believed that its true value is below the limit
specified by law VLIM with probabilities
greater than 0,5. This implies that the measured
value, whatever it is, is within the the CR
interval.

Non-conformance with distributed risk is
the decision as "not-conform"/"rejected" on
the measurand VEH and possibly sanctions
taken on the basis that it is believed that the



valoarea adevidrata a masurandului se afla peste
limita specificatd de lege VLIM, cu probabilitati
mai mari decat 0,5. Aceasta presupune ca
valoarea masurata, oricare ar fi ea, se incadreaza
in intervalul NCR .

true value of the measurand is above the limit
specified by law VLIM, with probability
greater than 0,5. This implies that the measured
value, whatever it is, is within the NCR
interval.
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Fig. 5: Reprezentarea grafica a mai multor rezultate ale masurarii masurandului VEH (viteza de deplasare pe un drum public)
obtinute cu un cinemometru, care se deosebesc prin amplasarea pe abscisa a valorii masurate relativ la limita specificata VLIM :
de la (a) la (g); probabilitati si riscuri privind deciziile de conformitate referitoare la masurand relativ la limita specificata: (i);
principiile ,,SR” (risc distribuit) si ,,GB” (banda de sigurantd) de luare a deciziei de conformitate: (g) respectiv (h)

Fig. 5: Graphical representation of several measurement results of HEV measurand (the speed of travel on a public road)
obtained with a cinemometer that differ by location on the abscissa of the measured value relative to the specified limit VLIM:
from (a) to (g); probabilities and risks of compliance decisions on the measurand relative to the specified limit: (i) the principles
of "SR" (shared risk) and "GB " (safety belt) for making the compliance decision (g) respectively (h)

Elementele ilustrate in figura 5 sunt
prezentate sub formd numericd in tabelul 2.
Valorile riscurilor de la coloanele 4 — 9 sunt
valabile pentru valorile masurate ale vitezei
prezentate Tn coloana 1 in functie de VLIM si
U=u(vgnm) . Tabelul 3 este o particularizare a

tabelului 2 pentru cazul prezentat la pct. 3.1 -
(i1) si (i2) si 1n relatiile (7) si (8) aplicat unui
cinemometru care functioneazd in regim
stationar la care EMT = 3 km/h [11].

Din coloana 8 se poate observa ca, pricipiul
,(GBb” permite autoritatilor sa fie aproape sigure
cand aplica eventuale sanctiuni, riscul de a gresi
fiind sub 2,3%, dar acestea trebuie sa accepte,
fara a lua decizii de neconformare, valori
masurate ale vitezei ce depasesc VLIM cu pana
la 3,7 km/h pentru cazul particular din tabelul 3.
Totusi, pentru a mentine acest risc scazut,
autoritatile ar trebui sa accepte valori masurate
ale vitezei ce depasesc VLIM si cu mai mult de
3,7 km/h, avand in vedere faptul ca valorile
estimate ale u(vg,yy,) pPentru cazurile din tabelul

3 nu acopera toate sursele de incertitudine si ca
existd specificate si limite EMT mai mari de 3

The elements illustrated in Figure 5 are
presented in numerical form in Table 2.
The risk values in columns 4 —9 are valid
for measured values of speed presented in
column 1 based on VLIM and u=u(Venm)-

Table 3 is a customization of table 2 for the
cases presented in section 3.1 - (i1) and (i2)
and in relations (7) and (8) applied to a
stationary cinemometer where EMT = 3 km/h
[11].

In column 8 we can see that the "GBb"
principle allows the authorities to be almost
safe when they apply sanctions, the risk of
making mistakes being under 2,3%, but they
must accept, without taking non-conformance
decisions, measured values of the speed
exceeding VLIM with up to 3,7 km/h for
the particular case in Table 3. However, to
keep this low risk, the authorities should
accept the measured speed values exceeding
VLIM also more than 3,7 km/h, given the fact
that the estimated values of u(vg,,)for the

cases in Table 3 do not cover all uncertainty
sources and that there are specified limits EMT



km/h (pentru cinemometre care functioneaza in

regim de deplasare) [11].

greater than

3 km/h (for non-stationary

cinemometers) [11].

Tabelul 2
Table 2
Veinm PyLim rum Riscul  ca  decizia  deRiscul ~ ca  decizia  de
conformare/ conformare cu riscneconformare /neconformare cu
distribuit sa fie gresita risc distribuit sa fie gresita
The risk that the[The risk that the non-
conformance/conformance withiconformance/non-conformance
distributed risk decision to bewith distributed risk decision to
incorrect be incorrect
f'vim =1=Pyim Pviim
“GBa” “GBb” “SR” “GBa” “GBb” “SR”
1 2 3 4 5 6 7 8 9
VLIM —ux4 0,99997 | 0,00003 | 0,00003 | 0,00003 | 0,00003 [ /WW
VLIM —ux3 0,09865 | 0,00135 | 0,00135 | 0,00135 | 0,00135 W i //W
A w2
VLIM —ux2 0,97725 | 0,02275 | 0,02275 | 0,02275 | 0,02275 | 0,97725 W (e //
é 77
VLIM —ux1 0,84134 0,15866 V 0,15866 | 0,15866 | 0,84134 W W
% G/
VLIM —ux05 | 0,69146 | 0,30854 W 0,30854 | 0,30854 | 0,69146 WW
VLIM 05 05 W 05 05 05 [ // 05
7 7
VLIM +ux0,5 | 0,30854 | 0,69146 W 0,69146 W 0,30854 W 0,30854
% 7, %
VLIM +ux1 0,15866 | 0,84134 - 084134 £/ / 0,15866 W 0,15866
VLIM +ux2 0,02275 | 0,97725 W 0,97725 W 0,02275 | 0,02275
7 %
VLIM +ux3 0,00135 | 0,99865 W y//W 0,00135 | 0,00135
VLIM +ux4 0,00003 | 0,99997 W ;—f'//(/y// 0,00003 | 0,00003
A |
Nota: U=U(Venm)s Fvam = fvim Venm) s Pyvim =Pvim Veinm) 3 Paevr = Paewr Binom) s »NA” din
celulele hasurate aratda cd decizia la care se refera riscul nu se aplicdA pentru valoarea
Veinm COrespunzatoare din coloana 1.
Note: U=U(Veinm)s Fuim =T (Venm) s Pvom =Pvim (Veinm) 3 Paevt = Paemr Binom) s »NA” N
the sloping hatch cells shows that the decision referred to the risk does not aplply to the corresponding
measured value v, of colomn 1.




Tabelul 3

Table 3
Venm | Pyum  |RISCUl ca decizia de conformareRiscul ~ ca  decizia  de
km/h conformare cu risc distribuir sdjneconformare /neconformare
VLIM =100 km/h fie gresita cu risc distribuir sa fie gresita
The risk that the[The risk that the non-
conformance/conformance with conformance/non-conformance
distributed risk decision to bewith distributed risk decision
incorrect to be incorrect
f'vim =1=Pviim Pviim
llGBall llGBb!! llSRll llGBall llGBb!! “SRH
01 02 1 2 4 5 6 7 8 9
4 g -
= = 96 0,98558 ,0'01442 0,01442 | 0,01442 WWW /]
— <
= e I 98 0,86278 Z M,; 0,13722 | 0,13722 | 0,86278 / MW
§ § E - 100 0,50000 Z A A4 050000 fo,soooo 0,50000 W 0,50000
28 B<g 101 0,29238 WAL/ 0707620 VAR /4 029238 AAM A 029238
) TE = 102 013722 ¢l 4 086278 AL 013722 [/ARAL 4 013722
En —~8 = ’
‘gié %%E 103 | 0,05057 pAKAL "‘;0’94943 W /) 0,05057 /A~ 005057
£ U8 [104 | 001442 VAKALAX AR A/ MK/ 001442 [ 001442 | 0,01442
TN
R=I
c|> ~ 96 0,99903 I 0,00097 | 0,00097 | 0,00097 WW },:: M,
= c 98 | 0,93948 W /) 006052 | 0,06052 | 0,93948 W A,
g *E‘;”: 100  0,50000 m 0,50000 fo,soooo 0,50000 m 0,50000
= o< 6
o = RER 101 | 0,21911 W 0,78089 Z M 0,21911 W 0,21911
' REE | e e 5 s i s
= SO0 104 | 0,00097 M W ﬁ/ M 0,00097 | 0,00097 | 0,00097
Legea circulatiei din Romania prevede The road traffic law in Romania [12]
sanctiuni  pentru Vg, >VLIM +10 km/h, provides sanctions for
Veinm > VLIM +10 km/h, sanctions are

sanctiunile fiind diferentiate in functie de nivelul
de depasire a limitei legale, atunci cand Vg,

este ,,... constatatd, potrivit legii, cu mijloace
tehnice omologate si verificate metrologic” iar
pentru  VLIM <vg, <VLIM +10 km/h nu

prevede sanctiuni.

Rationamentul de la acest paragraf se poate
aplica si in alte cazuri de punere in aplicare a
unor prevederi legale similare cu cel al legii
circulatiei [12]. Se impun limite YLIM valorilor
masuranzilor, rezultatelor masurarilor sau
valorilor masurate ale masuranzilor Y in domenii
precum cele care privesc congelarea produselor
alimentare, calitatea apei, aerului si solului,
poluarea fonica. Daca, in unele din aceste cazuri,
mijloacele de masurare nu fac parte din
categoria celor ce se supun controlului
metrologic legal, atunci: (a) - limite de tipul
EMT. si EMT. pot fi cerute de standarde
voluntare agreate autoritatile responsabile, caz
in care rezultatul masurarii se obtine aplicand

differentiated regarding the level of exceeding
the legal limit, when vy, is "... found by law,
with technical means metrologically approved

and verified" and for
VLIM <Vgym <VLIM +10 km/h provides no
penalties.

The reasoning of this paragraph may be

applied in other similar law enforcement
cases. They impose YLIM limits to the Y
measurands values, to the measurement

results or to the measured values of Y in
areas such as those concerning frozen food,

clean water, air and soil pollution, noise
pollution. If in some of these cases, the
measuring instruments are not subject to

legal metrological control, then: (a) - limits as
EMT. and EMT, may be required by the
voluntary standards agreed by responsible
authorities, case in which the measurement
result is obtained by applying the provisions



prevederile de la 3.1.2; (b) - dacd mijloacele de
masurare sunt numai etalonate, rezultatul
masurdrii se obtine aplicand prevederile de la
3.1.1

3.3 Eroare maxima tolerata in utilizare
(EMTU) sau incertitudine maxima tolerata in
utilizare (UMTU)

Unele reglementari [13,14,15] prevad valori
extreme ale erorilor de masurare ale ML aflat in
utilizare, date sub forma erorii maxime tolerate
in utilizare (xEMTU ) care, de regula, este
dubla fatd de eroarea maxima tolerata specifica
mijloacelor de masurare noi si aplicabild la
verificarile metrologice initiale si periodice
(EMT). Modurile in care se poate utiliza
EMTU sunt, in principal, cele ardtate mai jos.

(al) Aplicarea EMTU la orice Tincercare
ulterioara verificarilor metrologice (cu conditia
sd nu se efectueze ajustdri sau reparari de la
ultima verificare metrologicd) [8], cum ar fi
incercarile efectuate in cadrul inspectiilor si
testarilor inopinate sau  activitdtilor de
supraveghere metrologica a utilizarii [13].

(a2) Utilizarea EMTU ca un parametru cu
relevantd legald pentru utilizatorul ML [5,6].
Sensul acestei utilizari este dat de faptul ca un
ML pentru care, la verificarea metrologica,
rezultatele masurdrii  erorii  de indicatie
indeplinesc cerinta de incadrare 1n intervalul
+ EMT , prezintd o mare probabilitate ca, in
conditii normale de utilizare, sd furnizeze
indicatii care permit obtinerea de rezultate ale
masurarii, astfel Incat eroarea de indicatie sa se
situeze Tn intervalul + EMTU .

Tn cazul (al), ML se compari cu un etalon
realizdndu-se o masurare a erorii de indicatie in
urma céreia se obtine un rezultat al masurarii ca
cel prezentat la 2.1 i sunt valabile
rationamentele de la 2.2 referitoare la
determinarea probabilitatilor si riscurilor privind
deciziile de conformitate, dar luand in
considerare valorile extreme EMTU. si EMTU.
in loc de EMT. si EMT, .

In cazul (a2), ML nu se mai compara cu un
etalon pentru ca, in timpul utilizarii, masurandul
nu mai este eroarea de indicatie E, , adica scopul
masu #rii nu mai este acela dea obfne ur
rezultat al masurarii lui E, sau o eroare de

masurare. Scopul masurarii masurandului Y este
de a obtine un rezultat al masurarii

Yur < [Yuim:U(Ymim), FDPyy ] care cuprinde
si cea mai bund estimatie a valorii adevarate Yay
a masurandului datid de valoarea masurati. In
acest caz, eroarea de masurare, chiar dacd ea
exista, fiind necunoscutd, se considera nula iar

from 3.1.2; (b) - if the measurement
instruments are only calibrated, the
measurement result is obtained by applying
the provisions from 3.1.1.

3.3 The maximum permissible error in
service (EMTU) or maximum permissible
uncertainty in service (UMTU)

Some regulation [13,14,15] provide extreme
values of the measurement errors of ML in use,
given in the form of maximum permissible error
in use (+EMTU ), which usually is twice the
maximum permissible error specific to new
measuring instruments and applicable to the
initial and periodic metrological verifications
(EMT). The ways in which we can use EMTU
are mainly those shown below.

(al) The application of EMTU at any further
test after metrological verification (provided that
adjustments or repairs since last metrological
verification are not done) [8], such as tests
carried out during unannounced inspections and
tests or during metrological surveillance of use
[13].

(a2) The use of EMTU as a parameter with
legal relevance for the user of the ML [5,6]. The
meaning of this use is the fact that a ML for
which, at the metrological verification, results of
measurement  after error of indication
measurement meet the requirement to lie within
interval + EMT , have a high probability that, in
normal usage conditions, to provide indications
that will produce results of measurement so that
the error of indication to be within the range
+ EMTU .

In case (al), ML is compared with a
measurement standard, a measurement of error
of indication is performed after which the
measurement result is obtained as the one
presented in 2.1 and provisions of 2.2 related to
determine probabilities and risks on conformity
decisions are valid but taking into account their
extreme values EMTU. and EMTU. instead of
EMT. and EMT..

In case (a2), a ML is no longer compared
with a measurement standard because, in use,
the measurand is no more the error of indication
E,, i.e. the measurement goal is no more to get a
measurement result E,,, or a measurement

error . The goal of the measurand Y
measurement is to obtain a measurement result

Yur < [Ymim:U(Yamm ) FDPyy ] which
includes also the best estimate of the true value
yav Of the measurand given by the measured
value. In this case, the measurement error, even
if it exists, is unknown and is considered null



nivelul de incredere in rezultatul masurdrii este
dat de celelalte elemente ale sale, u(yy, ) prin

U=k-u(Yum)si
FDP,,, , estimate conform 3.1.2. Acest fapt ar
trebui sa conducd la solutia adecvatd de a se
impune limite extreme incertitudinii extinse
(UMTU. si UMTU,), ca parametru care se
determind, in loc de impunerea unor restrictii
(EMTU. si EMTU,) unui parametru care nu face
obiectul masurarii.

incertitudinea extinsa

4. CONCLUZII SI COMENTARII

Prezenta lucrare poate fi consideratd ca
suport pentru  Tmbunatitirea  prevederilor
reglementarilor referitoare la:

- cerintele metrologice pentru mijloacele de
masurare utilizate la masurari din domenii de
interes public si supuse controlului metrologic
legal,

- cerintele pe care trebuie si le satisfaca
laboratoarele care efectueaza incerciri i
verificari metrologice ale acestor mijloace de
masurare, precum si pentru inbunatitirea sau
elaborarea metodelor §i  procedurilor de
masurare, in domenii de interes public, de catre
utilizatorii mijloacelor de masurare declarate
admise la controlul metrologic legal.

In metrologia legali este nevoie de
incertitudinea de masurare, alaturi de celelalte
elemente ale rezultatului masurarii, in stabilirea
nivelului de Tncredere/riscului privind deciziile
de conformitate.

Diferenta de semnificatie dintre cele doud
principii  utilizate la luarea deciziei de
conformitate la evaluarea conformitatii unui ML
ilustrate in figura 2 conduce la diferenta dintre
rezultatele masurarii obtinute cu acel ML in
etapa de utilizare, asa cum se aratd la 3.1.
Aceasta diferenta din urma are consecinte asupra
deciziei de conformitate a masurandului cu
limite specificate impuse acestuia prin
reglementari.

Fatd de lucrarea [16] care trateaza unele
subiecte comune cu cele de mai sus, in prezenta
lucrare se detaliazd sau se particularizeaza unele
dintre aceste subiecte, iar abordarea este una
bazatd pe evolutia recentd a conceptelor legate
de masurare [2] si pe ,eroarea de indicatie”
vazutd ca marime si nu ca valoare asa cum sunt
tratate erorile in VIM3.

Rationamentele de la capitolele 2 si 3
construite pe ipoteza distributiilor normale
(Gauss) pot fi aplicate si altor tipuri de
distributii.

and the confidence level in the measurement
result is given by its other elements, u(yy.m)

through the expanded uncertainty
U=k-u(ywm) and FDPy,, , estimated

according to 3.1.2. This should lead to the
appropriate solution to impose extreme limits to
the expanded uncertainty (UMTU. and UMTU.)
as a parameter to be determined, instead of
imposing restrictions (EMTU. and EMTU.) to a
parameter that is not subject to measurement.

4. CONCLUSIONS AND COMMENTS

This paper can be considered as support
for improvement of regulated provisions relating
to:

- the metrological requirements for
measuring instruments used for measuring tasks
for resons of public interest and subject to legal
metrological control,

- requirements to be met by laboratories
performing testing and metrological verification
of such measuring instruments,
and also for development and for improvement
of measurement methods and procedures in
areas of public interest, by the users of mesuring
instruments  declared admitted to legal
metrological control.

In legal metrology measurement uncertainty
is needed, along with other elements of the
measurement result, to determine the level of
confidence/risk on conformity decisions.

The difference in meaning between the two
principles used in making conformity decision
at the conformity evaluation of a ML [7]
illustrated in Figure 2 leads to the difference
between the measurement results obtained
with the ML during its operation, as shown
in 3.1. This latter difference has consequences
for the conformity of the measurand accordance
with its specified limits required by regulations
decision.

Compared to the reference [16] which
addresses some common issues with the
above, this paper detailing or customize some of
these issues and the approach is one based on
the recent evolution of the concepts of
measurement [2] and on the error of indication
seen as quantity and not as value as VIMS3 treats
errors.

The ideas presented in chapter. 2 and 3
constructed on the assumption of normal
distribution (Gauss) can be applied to other
types of distributions.
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