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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 

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 q, the problem uncertainty is:
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If a problem had an uncertainty N0 prior to 
receiving message, and uncertainty N1 after receipt of 
the message, then the message carries the following 
amount of useful information
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Shannon’s entropy Н(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 q 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 pi are fixed, problem 
uncertainty is minimal when qi  =  pi. In this case  
N( p/q) = N( p/p) = Н( 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 p
p

qi
i

ii

� � � �( / ) ( ) log . 	 (4)

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 Н( p) = 0. Dividing 
the IU by this maximum value, we obtain the relative 
informational uncertainty (RIU)

	      
� � � �

�

�
D

N p q

p p

p q

i i
i

i i
i

( / )

log

log
.1
	 (5)

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 β, the probability of the second 
is equal to (l – β,). If α is the a priori (before the 
interval estimate) confidence level, then IU can be 
calculated by the formula:
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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 νadm 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 νadm.

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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Анотація
Останнім часом відроджується інтерес до використання інформаційного підходу в теорії вимірювань. На від-

міну від традиційного підходу, інформаційна теорія оцінює не похибку або невизначеність, а ентропію і кількість 
інформації. Перевагою інформаційного підходу є врахування форми кривої розподілу ймовірностей вимірюваної 
величини, в той час як традиційна теорія вимірювань оперує тільки двома першими статистичними моментами, 
що достатньо тільки у випадку нормального розподілу. На практиці закон розподілу вимірювальної величини часто 
суттєво відрізняється від нормального.

Аналіз наукових публікацій показав, що на сьогодні усі розробки стосовно інформаційної теорії вимірювань 
базуються винятково на використанні поняття ентропії як міри невизначеності вимірювальної величини. У статті 
аналізуються обмеження і недоліки як ентропійного підходу, так і загальноприйнятої концепції невизначеності. 
Пропонується компромісне рішення – використання інформаційного критерію на основі поняття невизначеності 
Бонгарда. Як міра інформаційної невизначеності використовується кількість дезінформації, яка вноситься неточніс-
тю вимірювань. Для оцінки якості засобів вимірювань слід використовувати відносну інформаційну невизначеність, 
виражену у відсотках. Описані методи розрахунку інформаційної невизначеності.

Відзначаються проблеми використання концепції невизначеності, яка не передбачає використання такої уза-
гальненої характеристики засобів вимірювання, як клас точності. У статті пропонується аналог класу точності  
у вигляді критерію відносної інформаційної невизначеності, вираженої у відсотках. Це дозволить оцінювати якість 
вимірювального приладу і придатність його до використання єдиним параметром. Наведені переваги такого кри-
терію, головними з яких є врахування форми закону розподілу і мінімальний обсяг обчислювальних операцій.

Ключові слова: невизначеність; ентропія; інформаційний критерій; закон розподілу; засіб вимірювання; клас 
точності.
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Аннотация
В последнее время возрождается интерес к использованию информационного подхода в теории измерений. 

В отличие от традиционного подхода, информационная теория оценивает не погрешность или неопределенность, 
а энтропию и количество информации. В статье анализируются ограничения и недостатки как энтропийного 
подхода, так и концепции неопределенности. В качестве компромиссного решения предлагается использование 
информационного критерия на основе понятия неопределенности Бонгарда. 

Отмечаются проблемы использования концепции неопределенности, которая не предполагает использования 
такой обобщенной характеристики средств измерения, как класс точности. В статье предлагается аналог класса 
точности в виде относительной информационной неопределенности, выраженной в процентах. Это позволит 
оценивать качество измерительного прибора единственным параметром, расчет которого требует минимума 
вычислительных операций.

Ключевые слова: неопределенность; энтропия; информационный критерий; закон распределения; средство 
измерения; класс точности.
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