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Abstract

According to the requirements of ISO/IEC 17025:2017, the validity of test and calibration results is ensured, inter alia,
by intralaboratory check of the results obtained. In this case, it is preferable to use statistical methods.

The ISO 5725 standards define a number of such methods, but the choice of specific methods is left to the laboratory,
taking into account the requirements for the adequacy of the effort, resources and time for the purposes of the work performed
and the risks of obtaining inappropriate results. In this case, the laboratory itself must in a certain way determine which
objects of calibrations (tests) should be predominantly used in checks and what frequency of checks should be foreseen.

In connection with the increase in the accuracy and complexity of measuring systems, the need to apply the methods
of the theory of random processes becomes more and more obvious. It is shown that the use of the Poincaré plot makes
it possible to comprehensively, effectively and visually evaluate changes in the measuring process from the point of view of

the dynamics of the obtained measurement results.

The results of the check, in particular, the intermediate precision, make it possible to obtain a more realistic evaluation

of measurement uncertainty in accordance with ISO 21748.

The paper analyses some practical approaches (of varying degrees of complexity) to intralaboratory checks of the

validity of calibration (test) results.
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1. Introduction

Standard [1] establishes requirements for testing
and calibration laboratories for the ability to obtain
valid results.

At the same time, according to the requirements
of [1, 2], the validity of test and calibration results is
ensured, inter alia, by intralaboratory checks of the
results obtained. In this regard, the use of statistical
methods has advantages in identifying trends and
assessing the significance of possible deviations when
varying factors that affect the measurement result, but
cannot be completely controlled.

In the ISO 5725 series [3], a number of such
methods is defined, however, the choice of specific
methods remains with the laboratory, taking into
account the requirements for the adequacy of the
effort, resources and time for the purposes of the work
performed and the risks of obtaining inappropriate
results. In addition, the laboratory must itself determine
which calibration (test) objects should be predominantly
used in checks and what frequency of checks should
be envisaged.

Within the framework of a single laboratory, it is
most often limited to the determination of repeatability
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and intermediate precision, taking into account
such factors as “operator”, “time interval between
measurements”, less often “environmental parameters”
and “calibrations”.

Intralaboratory precision values can serve as
a refinement [4] to the GUM model approach [5] in
evaluation of the measurement uncertainty.

The paper analyzes practical approaches to
intralaboratory checks of the validity of the results of
calibrations (tests).

2. Statement of the main material

The main purpose of an intralaboratory check is
to ensure that variations in the factors “operator” and
“time interval between measurements” do not lead to
a significant increase in either the uncertainty declared
by the laboratory in its measurement and calibration
capabilities, or the target uncertainty.

Of course, it is necessary to determine which item
or several items of calibration (test) will be used during
the check. Most often, any method is intended for
a certain category of devices, which may differ both in
measurement ranges and in the maximum permissible
error. This creates a multi-parameter problem of
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Fig. 1. A dataset of 100 normally distributed numbers: (a) — histogram; (b) — original dataset; (c) — the dataset has been sorted
in ascending order; (d) — the dataset has been sorted partially in ascending order and partially in descending one

choosing a specific device(s) and measurement point(s),
because the degree of influence of factors, on the one
hand, may depend on the point of the measurement
range, on the other, on the ratio of the inaccuracy
caused by the influencing factor to the maximum
permissible error of the device. The solution of this
problem is generally entrusted to laboratory specialists.

Another task is to determine the frequency of such
checks. As a rule, under stable working conditions of
the laboratory and with constant staff, the frequency
of checks can be from one to two years.

According to [3], the main indicators determined
during intralaboratory control are repeatability and
intermediate precision. In this case, at least two
operators carry out a series of measurements at
different times. The obtained data are processed by
statistical methods.

It should be noted that there are some problems
associated with establishing both the number of
measurements in series and the number of series. If
we proceed from the hypothesis that the measurement
results are only random numbers, then it is desirable to
increase the amount of data received. So, to determine
the type of distribution law, it is recommended that
the number of measurements in a series be no less
than 15—30. But it is known that an increase in the
number of measurements, as a rule, leads to the fact
that starting from a certain number, the variance of
the results can begin to increase [6]. This is especially
noticeable when making accurate measurements using
complex measuring systems.

This is due to both the drift of the measuring
systems (instruments) and the change in the measured
value over time. The reasons for the drift can be an
unstable temperature regime, transient processes in the

measuring circuit, instability of the characteristics of
the devices used in the experiment, and the like.

As a result, when analyzing data only as random
numbers, important information about the nature of
changes in results over time may be lost [7, 8]. So,
for example, the same histogram (Fig. 1(a)) describes
a certain set of random numbers, regardless of the
sequence of their appearance (Fig. 1(b) — Fig. 1(d)).
Of course, the measurement results, as in Fig. 1(c),
are unlikely to indicate a high quality of measure-
ments.

In this case, analysis of the data, for example
using control cards, can provide additional objective
information about the measurement process.

It may also be useful to use the Poincaré plot,
by the form of which it is possible to qualitatively
characterize the measuring process from the point of
view of its behavior as a kind of dynamical system. This
tool is especially convenient when analyzing modern
measuring systems, when the amount of information
can reach several hundred or thousands of readings.

A Poincaré plot is a two-dimensional graphical
representation of a time series where the ordinate is
the n-th term in the sequence and the abscissa is the
previous (n —1)-th term.

Fig. 2 shows Poincaré plots for some datasets
representing some varieties of random processes.

Fig. 3 shows the experimental results of measuring
the resistance ratio of two MC3006 measures (value
100 Ohm, accuracy class 0.001) using the comparator
bridge MI AccuBridge. The graphs show the relative
changes in the measured resistance ratios when the
thermostat is off and on. The time interval between
successive measurements is estimated to be of the order
of 20 s.
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Fig. 2. Random processes with zero mean and equal variance, obtained by modeling, and the corresponding Poincaré plots:
(a), (d) — “white noise” process with a uniform distribution of values; (b), (e) — Gaussian process of the “white noise” type;
(c), (f) — Gaussian random process with exponential correlation function.

Comparison of Fig. 3(¢) and Fig. 3(d) shows that
when the thermostat is on, the random scatter of the
bridge readings is significantly reduced: the relative
deviations are in the range (—2.9%10%; 2.6x10%). The
standard deviation of a single measurement of the ratio
is estimated at 8.9x107.

As a result, the Poincaré plot shown in Fig. 3(d),
can be considered a “reference portrait” of the system
under consideration, which can later be used for visual
express analysis of changes during periodic diagnostics
of the measuring system.

There are many programs and software packages,
such as Microsoft Office Excel, R, SAS, Statistica,
SPSS, MatLab and others, for statistical data processing.

It is recommended to analyse the data in the
following sequence:

1) Detection of outliers.

To detect outlying variances are used Cochran’s
test (clause 8.3.4 of ISO 5725-2), if the number of
elements in the series is the same, or Levene’s test
if the number of elements is different. Bartlett’s test,
Irwin’s test, Lvovskiy’s test, etc. are also used. Some
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Fig. 3. Time series of measurement results and the corresponding Poincaré plots:
(@), (c) — with the thermostat off; (b), (d) — when the thermostat is on

methods for identifying and processing data outliers
are also given in the standard [9].

If the Cochran’s test statistic exceeds the 5%
critical value, the series with the maximum variance
is removed from the results. At the same time, the
allowable number of seizures should be determined,
exceeding which it is necessary to conduct additional
research to establish the possible reasons for such an
excessive amount of outliers.

The critical values for Cochran’s test C_, are given
in many mathematical and statistical reference books.
They can also be calculated using an Excel spreadsheet
(Fig. 4).

If the check by Cochran’s test has raised the
suspicion that the high variation is due to only one

of the measurement results, then the data are analyzed
for possible outliers by the Grubb’s test (clause 8.3.5
of ISO 5725-2).

2) Detection of data drift

Detection of drift (trend) can be carried out
using the z-criterion (the method of differences in
average levels), Foster-Stuart test (except for the trend
itself, the latter allows to establish the presence of
a dispersion trend), etc.

If the hypothesis of the randomness of the trend
is not confirmed, then it is advisable to correct the
initial data by the value of the trend (mainly linear).

It should be borne in mind that the presence of
a trend may also indicate insufficient time to enter
the steady state or insufficient observation time for
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Fig. 4. Fragment of an Excel sheet with the calculation of Cochran’s statistics C

averaging ultra-low-frequency fluctuations in the
measuring circuit.

3) Analysis of data on their belonging to the
normal distribution law.

Compliance with the normal law can be established
graphically; by the Pearson consistency criterion;
Shapiro-Wilk test by Kolmogorov’s test (application
of Bolshev’s correction to Kolmogorov test allows
to reduce the required sample size), Romanovsky,
Anderson-Darling, Cramer-von Mises-Smirnov,
Chauvin, etc., as well as by indicators of asymmetry
and kurtosis. Methods and criteria for checking the
deviation of the probability distribution from the
normal are also given in the standard [10].

In the case of a positive answer, it is advisable to
use parametric criteria in further analysis, otherwise —
nonparametric (robust) criteria.

4) Checking acceptability of measurement results
obtained under conditions of intermediate precision.

The intermediate precision is determined in terms
of two factors: “time” and “operator”. A few operators
perform multiple series of calibration measurements
on different days. In this case, the average time
interval between successive measurements and the
sequence of changing operators should be established
by the laboratory, based on the characteristics of the
calibration procedure used and the conditions for
performing measurements.

crit

Testing the variance of the results in each series
for homogeneity according to Fisher’s test is easy to
check using analysis of variance (ANOVA) [11].

Fig. 5 shows the results of processing using the
Excel analysis package of four series of 10 mea-
surements obtained by two operators in two days
of measurements. Since the calculated value of the
F statistic is less than the critical value F_, then at
a significance level of o = 0.05, the influence of factors
in this case is statistically insignificant.

If it is necessary to assess the influence of each
of the factors on the measurement accuracy, the
measurement results should be subjected to a two- or
three-factor ANOVA.

Results obtained with ANOVA (Excel) can be
expressed as variances entered in [3]:

ey . 2
* repeatability variance — §,= MS,- where
MS,, — variance within groups;
 variance due to various factors:

$= (MS 3—MSw )/ Count if MS, <MS,
5 0 if  MS,>MS,

where Count = n is the number of measurements in

the group; MS, — variance between groups;
2

2 2

+ intermediate precision variance — Sz~ S, S
The results of checks, for example, a value

of intermediate precision of the factors “time”,

A B G D E F G H
80 | Anova: Single Factor
81
82 | SUMMARY
83 Groups Count Sum Average Variance
84 01-D1 10 0,989559839 0,09895598 3,3E-07
85 01-D2 10 0,989191579 0,09891916 1,75E-07
86 02-D1 10 0,991524834 0,09915248 1,24E-07
87  02-D2 10 0,986950527 0,09869505 1,83E-07
88
89
90  ANOVA
91 | Seurce of Variation S8 df MS F P-value Ferit
92  Between Groups 1,0549E-06 3 3,5163E-07 1,732021 0,1777844 2,866265557
93  Within Groups 7,3087E-06 36 2,0302E-07
94
95 | Total 8,3636E-06 39

Fig. 5. ANOVA results
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“operator”, among other things, makes it possible in
conjunction with a model approach to the assessment
of the accuracy to obtain a more realistic evaluation
of the measurement uncertainty in the laboratory [4].

3. Conclusion
1. Intralaboratory check can be carried out
taking into account the need to identify the drift

of the data obtained and using the analysis of va-
riance.

2. If the volume of experimental data is not
less than 100—300, the Poincaré plot can be used to
analyze the quality of measurements.

3. The check results can be used to clarify the
measurement uncertainty obtained with the model
approach.

3a0e3neyeHHs JIOCTOBIPHOCTI pe3yJabTaTiB KaJliOpyBaHb
Ta BHNPOOYBAHb CTATHCTUYHMMM METOJAMH

O.l. KonbaciH "2

' [fepxasHe nidnpuemcmeo “XapkigcbKull pezioHanbHUl HayKoso-8upobHu4ul ueHmp cmaHOapmu3auii, Mmemponoaii
ma cepmucikayii’, 8yn. MupoHocuubka, 36, 61002, Xapkis, YkpaiHa

2 HauioHanbHuli Haykosul ueHmp “lHcmumym memporoeii”, 8yn. MupoHocuubka, 42, 61002, Xapkie, YkpaiHa
kai_2548@ji.ua

AHoTauis

3rinHo 3 Bumoramu ISO/IEC 17025:2017, mocToBipHICTh pe3ysbTaTiB BUNPOOYBaHb Ta KaliOpyBaHb 3a0e3IeUyeThCS,
cepell iHIIOro, Bajlilalli€l0 3aCTOCOBYBAHUX METOMIB Ta BHYTPIlIHOJAOOPATOPHOIO TMEPEBIPKOIO OTPUMYBAHUX PE3YJIbTATiB.
[Ipu 1boMy 3acTOCyBaHHSI CTaTUCTMYHUX METOJIIB Ma€ IepeBaru Mpu BUSIBJIEHHI TEHIEHLIN Ta OLIiHIOBAaHHI 3HAYYIIOCTI
MOXJIMBUX BilXWJIEHb MPU BapiloBaHHiI (HaKTOpiB, SIKi BILUIMBAIOTh Ha Pe3yJbTaT BUMIPIOBaHHS, aje He MilIaloThCsl MOBHO-
MY KOHTPOJIIO.

Cranpaptu [SO 5725 BU3HaualOTh HU3KY TaKUX METOMAIB, MPOTEe BUOIp KOHKPETHUX METOMIB 3aJIUILIAETHCS 3a J1abo-
paTopi€lo 3 OIJisily Ha BMMOTU OO0 aJeKBAaTHOCTI BUTpauyeHMX 3YCUJIb, PECYpPCIiB Ta 4acy IiJIIM BUKOHYBaAaHUX pOOIT Ta
pU3MKaM OTPUMAaHHSI HEBIAMOBINHUX pe3ybTarTiB. [Ipy 11boMy J1abopaTopisi caMa MOBMHHA MEBHUM YMHOM BU3HAYUTH, SIKi
00’eKTM KajiOpyBaHHS (BUIIPOOYBaHHS) CJIil MepeBaXkHO BMKOPMCTOBYBATU B MEpeBipKax Ta SIKY IMEpiOAUYHICTb MepeBipoK
cllii mependayuTu.

VY 3B’43Ky 3 MiABUILEHHSIM TOYHOCTI Ta CKJIAJHOCTI BUMipIOBAJIbHUX CUCTEM CTAa€ Bce OiJIbII OYEBUAHOIO HEOOXiTHICTh
3aCTOCYBaHHSI METOIB TEOpil BUITAIKOBUX IPOLIECIB.

TlokazaHo, 110 BUKOpucTaHHs aiarpamu [lyaHkape 103BoJisIE KOMIUIEKCHO, e(DEeKTUBHO Ta HAMJISIIHO OLIiHIOBAaTU 3MiHU
y BUMIpIOBAJIBHOMY TIPOIIECi 3 TOUKU 30py DWHAMIKM OTPUMYBAHUX PE3yIbTaTiB BUMipIOBaHb.

PesynbraTu mepeBipok, HaIlpMKIIaa, BU3HAueHa IPOMiXKHA Mpeuu3iiiHicTh 3a (dakTopamMu “yac”, “oreparop”, Kpim
YCbOTO iHILIOTrO, JA€ MOXJIMBICTb Y MOEAHAHHI 3 MOAEJbHUM MiXOJOM 10 OL[IHIOBAaHHSI TOYHOCTI OTpUMATU OuUIbII peatic-
TUYHY OLIHKY HEBM3HAUYEHOCTi BUMiploBaHb y JlabopaTopii BiamosinHo no ISO 21748.

Y poboTi aHaMi3YIOThCS NesIKi MPaKTUYHI Minxoau (Pi3HOTO CTYMeHs CKJIAIHOCTi) 10 BHYTPIlTHbOJIA0OPATOPHMX Tepe-
BipOK ITOCTOBIPHOCTI pe3yJIbTaTiB KaaiOpyBaHb (BUTIPOOYBaHb), 30KpeMa, 3 3actocyBaHHsM ANOVA, Microsoft Office Excel
Ta IHIIUX IMaKeTiB CTaTUCTUUYHUX IPOrpam.

KmouoBi ciioBa: kaniOpyBaHHsI; BUIIpOOYBaHHSI; BHYTpilllHboJIabopaTopHa nepeBipka; aiarpama Ilyankape; ANOVA.
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A.N. KonbacuH -2

" [ocydapcmeeHHoe npednpusmue “XapbKoBCKUl peauoHasbHbIl HayYHO-NMpou3eo0CcmeeHHbIlU ueHmp cmaHOapmusayuu,
memporoeuu u cepmucpukayuu”, yn. MupoHocuukas, 36, 61002, Xapbkos, YkpauHa

2 HayuoHarnbHbIl Hay4HbIl yeHmp “ViHcmumym memponozuu”, yn. MupoHocuukasi, 42, 61002, Xapbkos, YkpauHa
kai_2548@i.ua

Ykpaiucokuii memponoeiunuii scypnan, 2021, Ne 4, 8-14 13



Ensuring the validity of the results of calibrations and tests by statistical methods

AHHOTAIMSA

CormnacHo TpeboBaHusiM ISO/IEC 17025:2017 nocTOBEpHOCTh Pe3yIbTaTOB UCIIBITAHUN M KaTMOPOBOK 00ecreunBaeTCs
cpenu TMpodYero BHYTPUIAOOpAaTOPHON MPOBEPKOM IMOJydaeMbIX PE3yJbTaToB.

Cranpaptel SO 5725 onpenensior psii CTaTUCTUUYECKUX METOIO0B, OIHAKO BbIOOp KOHKPETHBIX METOIOB OCTaeTcs 3a
JlabopaTopueli ¢ yueToM TpeOOBaHMI IO afeKBATHOCTU 3aTpauye€HHBIX YCUJIUI, PECypCOB MU BPEMEHM LIEISIM BBIMOTHSICMBIX
paboT U PUCKOB MOJYYEHUSI HECOOTBETCTBYIOLIMX PE3YJILTaTOB.

B cBsI3W ¢ TOBBIIIEHWEM TOYHOCTM M CJIOXHOCTM M3MEPUTENbHBIX CHCTEM CTAaHOBMUTCSI Bce 0ojiee OYeBUAHOM
HEOOXOOMMOCTh TTPUMEHEHUSI METOIOB TCOPUHU CIIyYalHBIX IPOILIECCCOB.

ITokazaHo, 4yTO UCIOJb30BaHUE AUarpaMmbl ITyaHkape mo3BossieT KOMIIEKCHO U 3(h(EKTUBHO OLIEHUBATh U3MEHEHUs
B M3MEPUTEIBHOM TIPOLIECCe ¢ TOYKHU 3PEHMSI TUHAMUKHU TTOJyYEHUST Pe3yJIBTaTOB MU3MEPEHMIA.

ITpomexyTouHasi IpeUU3MOHHOCTh, OIpENeJeHHas MO pe3yibraTaM IPOBEPOK, AAeT BO3MOXHOCTb MOJYYUThH Oosiee
peaTMCTUYHYI0 OLIEHKY HEOIpeNeIeHHOCTH M3MEPEeHUil B abopaTopur B cooTBeTcTBUU ¢ ISO 21748.

B pabore Takxke aHaJIM3UPYIOTCS HEKOTOpbIE TMPaKTUYECKUWE TOAXOAbl K BHYTPUJIA00OPATOPHBIM IPOBEPKAM
JIOCTOBEPHOCTHU PE3YJIBTATOB.

KimoueBsbie cioBa: KannOpoBKa; MCIBITAHKS; BHyTpuUiaabopaTopHas TpoBepka; nuarpamma Ilyankape; ANOVA.
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