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Abstract

Recently, there has been a revival of interest in the use of the information approach in the theory of measurements.
Unlike the traditional approach, information theory does not evaluate error or uncertainty, but entropy and the amount
of information. This article analyzes a number of recent publications that develop ideas for the information approach. The
limitations and disadvantages of both the entropy approach and the concept of uncertainty are indicated. As a compromise
solution, it is proposed to use a criterion based on the Bongard’s uncertainty and useful information. The concept of
information uncertainty is proposed, which is estimated by the amount of negative useful information, that is, misinformation
introduced by the measuring instrument. Some methods for calculating information uncertainty are described.

The problems of using the uncertainty approach are noted. This approach does not imply the use of such a generalized
characteristic of measuring instruments as an accuracy class. The article proposes an analogue of the accuracy class in the
form of relative informational uncertainty, expressed as a percentage. This will make it possible to evaluate the quality of
the measuring instrument by a single parameter, the calculation of which requires a minimum of computational operations.
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1. Introduction

As it is known, measurement is an information
process. Therefore, it seems obvious that it is possible
to use information characteristics to assess the quality
of measuring instruments (MIs).

Attempts to use the informational approach in
measurement theory have been made repeatedly.
A number of works [1, 2, etc.] presented the basics
of information theory of measurement (ITM).
It was proposed to estimate the amount of information
in the measurement by the difference between the
unconditional and conditional Shannon entropy.
In this case, the accuracy of the measurement result
is determined not by the root-mean-square or limiting
error, but depends on the shape of the error proba-
bility distribution law.

It is known that a complete description of a random
variable is provided by the probability distribution of
its values. The traditional measurement theory operates
with only the first two statistical moments (mean,
variance). ITM estimates the amount of information
obtained in the measurement process. In this case, the
distribution law of the measurand is fully taken into
account. This is what ensures the worth of ITM.

The works above were felt to be of purely
theoretical interest. ITM demanded to abandon
habitual notions. The basic concepts of traditional
measurement theory are “error” and “uncertainty”.
ITM estimates the amount of information received in
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the measurement process and the loss of information
due to imperfection of the MI.

Nevertheless, after a while, interest in using the
information approach resumed.

The paper [3] analyzes the process of measurement
using the information theory, puts forward the essence
of measurement process and builds an information
model for the measurement process, which can explain
why the interference and error are always existed in
the result of measurement. The article [4] describes the
fractal-entropy analysis of the results of measurements.
To evaluate the results of measurements in dynamic
systems, it is proposed to use an expression linking
Shannon entropy with the fractal dimension of the
time series of measurement results. Boris Menin [5]
compares the features of the application of the theory
of measurements and the measure of the similarity of
the model to the phenomenon under study on the basis
of calculating the amount of information contained in
the physical phenomena and technological processes.

In a number of works, the information approach
is used to estimate the measurement uncertainty.

Jae-Yoon Jung et al. [6] propose an entropy-
based uncertainty measure which captures the dynamic
behavior of processes. It enables experts to better
understand the nature of processes at runtime. In the
paper [7] the informational uncertainty is expressed
as the difference of information before receiving
a message and after receiving it. The relative change in
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the informational uncertainty of measurement systems
can be used to calculate the required number of extra
measurements. In [8], a new information approach
is proposed, which makes possible to calculate the
absolute minimum uncertainty in the measurement
of the investigated quantity of the phenomenon. The
entropy is used here as a function of the state of a
thermodynamic system. So the validity of using the
term “informational” is questionable.

Summarizing, we can conclude that all the
works considered are based on the use of the entropy
approach. A number of constraints and flaws of this
approach should be noted.

Shannon’s entropy can be determined for
random processes only. To calculate the measurement
information, it is necessary to know the conditional
probability distributions. Calculations are quite time
consuming. To date, no effective entropy estimates of
measurement accuracy have been developed.

The purpose of this article is to describe the
methods of using information criteria for assessing the
quality of MIs and establishing their suitability for use.

2. Informational uncertainty of measurement

Soviet cyberneticist M.M. Bongard is known for
his works on the pattern recognition problems. In his
main book [9], he introduced the concept of “useful
information”, which turned out to be little-noticed.
Nevertheless, it can be effectively used in measurement
theory. Useful information can be either positive or
negative. That is, the misinformation introduced by
the imperfection of the MI can be measured.

According to [9], when the answer probability
distribution is p, but an observer uses the hypothesis
that the distribution is ¢, the problem uncertainty is:

N(p/q)=—2p,. logg,. (1)

i=1

If a problem had an uncertainty N, prior to
receiving message, and uncertainty N, after receipt of
the message, then the message carries the following

amount of useful information
I=N 0 N - 2)

Shannon’s entropy H(p) is a particular case of
uncertainty. Entropy is the uncertainty for an algorithm
that knows and uses to best advantage the probability
distribution of the problem answers. If this is not
known, uncertainty increases.

Let’s apply Bongard’s developments to the
measurement process. We will assume that p is the
true distribution of the measured value, and ¢ is the
distribution of the measurement results. Then entropy
is the uncertainty for MI, which gives the true value
of the measurand. The amount of useful information
that a measuring instrument provides is

I=H(p)-N(p/q). (3)

As shown in [9], if the p, are fixed, problem
uncertainty is minimal when ¢,=p. In this case
N(p/q)=N(p/p)=H(p), i.e., the problem uncertainty
is equal to the entropy of the answer probabilities.
As a result, the amount of useful information (3)
is always negative, and we should talk about the
misinformation introduced by the MI:

D=N(p/q)-H(p)=Y plog. @&
i q,

Expression (4) defines the informational
uncertainty (IU) of the measurement. IU takes zero
value for ideal measurements (there is no uncertainty)
and the maximum value in case of H(p)=0. Dividing
the TU by this maximum value, we obtain the relative
informational uncertainty (RIU)

I Zp, log p,

V= =1- .
N(p/q) Zp, loggq,

(&)

RIU (5) is a generalized criterion for the quality
of MI which takes into account the shape of the curve
of the measurand distribution. Thus, it is possible to
assess how a particular device is suitable for measuring
a given specific measurand.

It is recommended to obtain the Q-distribution
by statistical processing of a sample of measurement
results. To obtain the P-distribution, one should use
the conventional true values obtained using control
instrument. In an extreme case, one can accept the
hypothesis about the standard distribution law of the
true values of the measurand. As a standard distribution,
one can take the normal, as the most common, or
uniform, as suggesting the greatest a priori uncertainty.
This method complies with the calculation of Type A
uncertainty according to the GUM.

Calculation by Type B is possible using the
following methods. If there is information about the
form of the measurand probability distribution, then an
estimate of the uncertainty can be obtained analytically.
For this, expression (4) should be presented in integral
form using the differential entropy.

If only interval estimates of the measurement results
are known, then two situations can be considered: the
value of the measured quantity is either covered by
the confidence interval, or lies outside the confidence
interval. The probability of the first situation is equal
to the confidence level B, the probability of the second
is equal to (I —B,). If a is the a priori (before the
interval estimate) confidence level, then IU can be
calculated by the formula:

D=BlogE+(l—B)log1 B. (6)
o

-
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3. Uncertainty and accuracy class

The concept of “accuracy class” (AC) was
widely used to compare the MI accuracy in the
“pre-reform era”. The same basic accuracy of two
measuring instruments does not mean that they have
the same quality if their measurement ranges differ
significantly. Uncertainty approach (UA) provides
even fewer opportunities for comparative assessment
of the accuracy of dissimilar instruments, since the
uncertainty is estimated in units of measurement for
measurand.

Today, many specifications of the MI quality
and measuring methods are used. In addition to the
concepts of “error” and “uncertainty”, the “accuracy”,
“repeatability”, “reproducibility”, “trueness”, and
“precision” have been introduced into metrological
practice. At the same time, AC served as a unified
indirect assessment of the MI quality.

Ukrainian standards formulate the concept of AC
as generalized characteristic of measuring instruments,
determined by the limits of permissible basic and
additional errors, as well as a number of other
properties that affect the accuracy of measurements.
With UA, this characteristic cannot be used. Therefore,
attempts are being made to find a compromise in using
the concepts of error and uncertainty.

The paper [10] assumes the establishment of
an acceptable risk for wrong measurements. It is
recommended that decision-making in conformity
assessment when accounting for uncertainty in testing
follows the shared risk principle under the condition
that the uncertainty of the complete measurement
system — MPU — is less than 1/3 of the maximum
permissible error — MPE — for the actual conformity
assessment.

It is noted in [11] that the notion of accuracy
class has the value of universality and can also be
for the assessment of measuring transducers at the
instrument design stage. A method of using the
instrument accuracy class for the estimation of the
Type B uncertainty is proposed.

In recommendation [12] concepts “uncertainty”
and “error” are recommended to be used harmoniously.
It is offered the general rule: in the most metrological
situations, measurement results are characterized by
uncertainty and accuracy of measuring instruments
are characterized by error limits. Concept “error”
is used at comparison with reference quantity value,
and evaluation errors are obtained at calibration or
verification of measuring instruments.

Still, it would be more convenient to be able to
evaluate the instrument’s accuracy of the device within
the UA by a parameter like an AC. We propose to use
the relative informational uncertainty (5), expressed
as a percentage, as such a parameter. Its maximum
admissible value v_, must be indicated in the technical
documentation for MI. When the MI’s conformity
assessment procedure is carried out, the value of
the RIU should be experimentally determined and
compared with v_ .

4. Discussion and conclusions

As rightly noted in [5], the practical application of
the information approach can cause an uneven response
in the scientific community. At the same time, the
general principles of the information-oriented approach
do not contradict the firmly established conclusions of
modern physics, but, on the contrary, allow to consider
them as an opportunity for purposefully increasing the
accuracy of calculations and experiments.

The authors are aware that the introduction of
information estimates of uncertainty in metrological
practice will face a number of difficulties of the
objective and subjective nature. In particular, changes
will be required to many standards. However, it should
be borne in mind that the overwhelming majority of
regulatory documents do not take into account UA,
and some even contradict it. Since, in any case, there
is a lot of work to be done to update such documents,
it would be advisable to use an information approach.

Uncertainty assessment using information criteria
(4) and (5) has the following advantages.

1. Full consideration of the distribution laws of
the measurands and measurement results increases
the accuracy of uncertainty estimation. Traditional
methods underestimate the accuracy of measurements.

2. Taking into account the shape of the curve
of the distribution law of the measurand provides an
opportunity to assess how a particular MI is suitable
for measuring this particular value.

3. The proposed method does not require
correction factors such as coverage factor, which
significantly reduces the arbitrariness in the assessment
of uncertainty.

4. Estimation of measurement uncertainty in
accordance with the above method requires a minimum
of computational operations.

5. Assessing the quality of measuring instruments
by a single parameter is convenient from a practical
point of view.
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IndopmaniiiHa HeBU3HAYEHICTh 3aC00iB BUMIPIOBAHHS
[.l1. MaHko, O.B. TitoBa

YkpaiHcbkull OepxasHull XiMiko-mexHonoeaiyHul yHieepcumem, nipocn. [aezapiHa, 8, 49005, [Hinpo, YkpaiHa
elenatittova@gmail.com

AHoTanis

OcTaHHIM YacoM BiIPOJKYETbCS iHTEpeC 10 BUKOPUCTAHHS iHgopMaliiiHOro miaxomy B Teopii BumipioBaHb. Ha Big-
MiHY BiI TpaauuiiiHOTO MiaXomy, iH(opMalliiiHa Teopis OIiHIOE He MOXMOKY ab0 HEBM3HAYEHICTh, a CHTPOIIIIO i KiJIbKICTh
iHgopwmarii. TlepeBaroio iHpopMalLiiiHOrO MiAXoMy € BpaxXyBaHHsSI (DOpMU KPMBOI pO3MOJAily HMOBIpPHOCTEI BUMipOBaHOI
BEJIMYMHU, B TOW Yac SIK TpPaaWIliiiHa Teopis BUMiplOBaHb OIEPYE TUIBKM IBOMA IMEPIIMMHU CTATUCTUYHUMM MOMEHTaMU,
1110 TOCTaTHBO TiIBKM Yy BUIAAKY HOPMaJbHOIO po3noniay. Ha npakTulli 3aKOH po3Ioiily BUMipIOBaJIbHOT BEJIMUUHU YacTO
CYTTEBO BiIPI3HSIETHCS Bil HOPMAJILHOTO.

AHaJi3 HayKoBMX MyOJliKalliii Mmokas3aB, 110 Ha CbOTOJHI YCi PO3POOKM CTOCOBHO iH(opMaliliHOi Teopii BUMipIOBaHb
0a3yloThCsl BUHSITKOBO Ha BUKOPUCTAHHI MOHSTTS €HTPOINi K MipyM HEBM3HAYEHOCTi BUMIipIOBAJIbHOI BEJIMUYMHU. Y CTATTi
aHaTI3YIOTbCd OOMEXEHHSI i HEeMOJIiKUA SIK €HTPOIIHOro Miaxomy, TaK i 3araJbHOINPUIHATOI KOHILEMii HEBU3HAYEHOCTI.
IIporoHyeTbCcsI KOMIIPOMICHE pillleHHS — BUKOPMCTAHHS iH(OpMAaLiiiHOro KPUTEpil0 HA OCHOBI MOHSTTS HEBU3HAYEHOCTI
Bonrapaa. flk mipa iHdopmaliiiHOT HEBU3HAYEHOCTI BUKOPUCTOBYETBCS KUJIbKICTh Je3iHdopMallii, 5ka BHOCUTbCS HETOUHIC-
TIO BUMipioBaHb. JIJIs1 OLIIHKM SIKOCTi 3acO0iB BUMipIOBaHb CJIiJl BAKOPUCTOBYBATH BiTHOCHY iH(OpMaliliiHy HEBU3HAYEHICTbD,
BUpaXeHy y Bimcotkax. OmucaHi MeTOOM po3paxyHKy iH(opMaliitHOi HeBU3HAYEHOCTI.

BinzHauaioTbcss mpobjieMu BUKOPUCTAHHSI KOHIEMIii HeBU3HAUYEHOCTI, sIKa He Tepeadavyae BUKOPUCTAHHSI TaKoi y3a-
rajJbHEHOI XapaKTepPUCTUKU 3acO0iB BMMIpIOBaHHS, SK KJac TOYHOCTI. Y CTaTTi MPOMOHYETHCS aHAJIOT KJacy TOYHOCTI
Y BUIJISIII KpUTEPilo BimHOCHOI iH(opMalliiiHOT HEBU3HAYEHOCTI, BUPaXKeHOi y BigcoTkax. Lle m03BOJUTH OLIHIOBATU SIKiCThb
BUMIPIOBAJILHOTO TIpWJIany i MPUAATHICTh MOTO 10 BUKOPUCTaHHS €IMHUM ITapaMeTpoM. HaBeneHi mepeBarm Takoro Kpu-
Tepilo, TOJOBHUMM 3 SIKMX € BpaxyBaHHsI (hOPMU 3aKOHY PO3MOJiIY i MiHIMaJbHUM OOCST OOUMCITIOBAJIBHUX OIepalliid.

KiouoBi ci0Ba: HeBU3HAUEHICTh; €HTpOIMis; iHDOpMaliiiHUil KpuTepiit; 3aKOH po3Mominay; 3acid BUMipIOBaHHS; KJac
TOYHOCTI.

NudopmanmoHHass HeonmpeaeJIeHHOCTh CPeJACTB M3MEPEeHMI
. MaHko, E.B. TutoBa

YKkpauHckull eocydapcmeeHHbIl XUMUKO-mexHomoaudeckul yHusepcumem, npocr. [azapuHa, 8, 49005, [Henp, YkpauHa
elenatittova@gmail.com

AHHOTAIMS

B mocnenHee Bpemsl BO3pOXKIAeTCsl MHTEpeC K MCITONb30BaHWI0 WHGOPMAIIMOHHOTO TTOIXO[a B TEOPUM W3MEPEHUI.
B omanuue oT TpaaMIIMOHHOIO IMomxona, MHGOPMAaLMOHHAS TEOpUsl OLIEHMBAET HE MOrPELIHOCTh WJIM HEOMPEeneeHHOCTD,
a DHTPONUIO M KOJMYECTBO MHMopMmaumu. B cTaTbe aHaIM3MPYIOTCS OTpaHMYECHUS M HEJOCTATKM KaK SHTPOIMITHOTO
Monxofa, Tak M KOHLEIMUMM HEeONpeaeJeHHOCTH. B KauecTBe KOMIIPOMUCCHOTO pEIICHUs IpeIaraeTcsl MCIOIb30BaHKe
MHGOPMALIMOHHOTO KPUTEPUsI Ha OCHOBE ITOHSTHUSI HEONpeneJIeHHOCTH BoHrapma.

OtMeyvaroTcsl mpobJieMbl UCMOJb30BAHUSI KOHIIEIIIIMU HEONpPEIeIeHHOCTH, KOTOpasl He MpeAroaraeT MCIoab30BaHUs
TaKoil 00OOIIEHHON XapaKTEepPUCTUKU CPEICTB M3MEPEHUsI, KaK KJIacC TOYHOCTH. B crarbe Ipemiaraercst aHajor Kjacca
TOYHOCTU B BMIE OTHOCHMTEIbHON MHGMOPMAIIMOHHONW HEONpeIeeHHOCTH, BBIPAXXEHHON B IPOIEHTaX. DTO IO3BOJIMT
OLIEHMBATh KAa4eCTBO M3MEPUTEIHHOTO IPUOOpa €IMHCTBEHHBIM IIApAMETPOM, pPacdyeT KOTOPOro TpedyeT MUHUMYyMa
BBIYMCITUTEIIBHBIX OTIEpallnii.

KioueBble ci0Ba: HEONpPEIEICHHOCTh, SHTPOIUS; MHOOPMAIMOHHBI KPUTEPHI; 3aKOH paclpeieieHnus; CPelcTBO
M3MEPEHMST; KJIacC TOYHOCTH.
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