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ABSTRACT

The authors offer to solve the problem of providing traceability of measurements by
increasing metrological autonomy of in-plant measuring systems. The paper shows

the expedience of increasing metrological autonomy by creating a “virtual” reference.
There are analysed possible variants of implementation of the “virtual” reference,
which will provide high metrological stability of measurements at insignificant addi-
tional expenses. The authors point out the necessity of creation of universal technical
and programmatic means of mutual comparison for the in-plant measuring systems to
increase the reliability of measurements in the conditions of metrological autonomy.

Keywords: metrological autonomy, in-plant measuring system, measuring equip-
ment, metrological reliability, comparison, calibration.

INTRODUCTION

The solution of important scientific and tech-
nical problems largely depends on the traceability
of measurements. In particular, the speed and ac-
curacy of decision making on functioning many
industrial processes and systems depends on the
accuracy, correctness and timeliness of measure-
ments and monitoring of various parameters.
Therefore, the level of measurement reliability
in various fields of human activity largely deter-
mines their effectiveness [1, 8, 11, 15, 22].

The traceability of measurements is referred to
as a state of measurement in which results of mea-
surements are expressed in legal units and their er-
rors and uncertainties are known and with a certain
probability do not exceed preset limits [15, 19].
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Foundations of metrological traceability are
activities associated with the development and
continuous improvement of metrological supervi-
sion (MS). MS is the establishment and application
of metrological rules and regulations, as well as the
development, production and application of tech-
nical facilities needed to achieve the desired trace-
ability and accuracy of measurements. To effec-
tively address the issues of MS there are state and
departmental metrological services whose goal is
to create legal, regulatory, scientific, technical and
institutional frameworks to ensure traceability in a
state. These goals are achieved by the implemen-
tation of specific metrological activities: research,
maintenance, verification and certification of stan-
dards, calibration of measuring instruments (MI),
certification of measurement techniques.
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Because of significant deterioration [12] of
standard equipment and rising prices on metrology
services, the role of organizational and technical
measures to ensure a certain metrological autono-
my of in-plant measuring systems that will reduce
the cost of their metrological support while ensur-
ing the required level of unity, accuracy and reli-
ability of measurements significantly increases [1].
That is why the market for metrological services
is estimated to be about 4% of GDP in developed
countries [6, 7]. The need for simplification and re-
duction of prices led to the invention of methods
of in-situ testing and calibration [9, 13, 14, 18],
however these methods can be applied just under
specific conditions. In this paper the authors try to
come up with more general approaches that can be
applied in wide range of conditions.

Nowadays, one of the promising areas to im-
prove Mls designed for storage, reproduction and
transfer of the physical units is creation of new com-
plex references formed on the basis of a group of
passive-measuring instruments of physical units [4].
The composition of such a complex includes sever-
al highly stable measures, which are equipped with
means of verification. Moreover, some elements of
the complex do not just perform the function of a
“reserve” reference of some basic element, but they
are full members of the complex and directly influ-
ence the formation of the output unit of the physical
quantity of the complex reference [5]. This approach
can increase the stability of reproduction of a physi-
cal unit of the complex reference compared with the
stability of individual elements. Also, creation of the
algorithm to process the results of mutual compari-
sons of the elements of the complex based on the
maximum likelihood method can significantly sim-
plify comparisons and improve the efficiency of sta-
tistical processing of the data [4, 5]. Thus, the imple-
mentation of the concept of metrological autonomy
in modern conditions can increase the metrological
stability of in-plant measuring systems.

However, nowadays, the practical imple-
mentation of the concept of increasing metro-
logical autonomy of in-plant measurement sys-
tems existing in industry and science is not suf-
ficiently developing.

RESEARCH OBJECTIVES

The purpose of this paper is to study the ef-
ficiency of the methods to ensure the measure-
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ment traceability by implementing the methods

for increasing metrological autonomy for various

branches of industry and science.
Any measuring process contains two interre-
lated parts:

e A set of transactions to obtain information
about the value of a physical quantity: interac-
tion with the object of measurement, measur-
ing conversion of the measured signals to the
form convenient for use and processing of the
obtained measuring results;

e A set of transactions to ensure traceability,
reproduction, storage and transfer of units of
physical quantities, creation of conditions to
ensure metrological serviceability of Mls.

These interconnected components of the mea-
suring process determine the quality of measure-
ments in the bottom line. Recently, due to global-
ization in the world economy, there is a tendency
to increase the role of the traceability of measure-
ments. However, increasing the competitiveness
of products includes cutting down on expenses of
all the components of a production process and,
in particular, expenses on the procedures of the
metrological service of MIs. One way in this di-
rection is to increase intercalibration time while
maintaining the required metrological reliability
of MlIs. This path involves improving metrologi-
cal autonomy of measurements.

Metrological autonomy is referred to as a
long term ability to maintain metrological charac-
teristics of a MI without use of reference facilities
of higher rank (i.e. they are at higher stages of
transfer of the unit of a physical quantity [5]).

According to the requirements of [11], or-
ganisations have to determine the level of re-
quired control measures and establish require-
ments for managing the measuring system that
they are going to use as a part of their overall
management system. The effective manage-
ment of the measuring system has to ensure
fitness of measuring equipment and measuring
processes for their intended use and therefore
plays an important role in achieving the goals
of quality processes for which it was created
and manage the risk of getting distorted results
of measurements.

The main methodological principle of the
current system of metrological support is periodic
calibration of Mls at regular intervals to confirm
their metrological reliability [8, 12]. Such an ap-
proach to ensure measurement traceability does
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not take into account the specific application of
the MIs in actual operating conditions, which
causes additional errors [17]. These additional er-
rors typically arise from nonconformity of condi-
tions in which metrological confirmation of MlIs’
reliability is carried out with operating conditions
of these Mls [3, 8, 17, 20].

Modern manufacturing processes require more
accurate control and reduction of losses due to
improper measurements. That is why the require-
ments to ensure metrological reliability of MIs dur-
ing intercalibration intervals are increasing [3, 17].

One way to increase the unity of mass mea-
surements is to create a “virtual” reference, ac-
curacy of which would define the current level of
traceability of measurements in an organization.
The praxis of the “virtual” references is known
[10, 21] and is used to increase the metrologi-
cal reliability of reproduction of units. However,
nowadays, the concept of the “virtual” referenc-
es has not been studied well for a wide range of
industrial measurements, however, state of the
art of microelectronics and computer technology
will allow producing “virtual” references with-
out difficulties.

Each measuring process uses quite a stable
set of MIs, whose the measurement results are
used for a long time. This set of MI has metro-
logical characteristics which are in a certain de-
terministic connection with technological modes,
so this set of MIs can be considered as an in-plant
measuring system, which is typical for a process.
The concept of creating a “virtual” reference is to
create techniques and methods that ensure mutual
comparing procedures of MlIs as well as accumu-
lation and use of information about their individ-
ual metrological characteristics.

To implement a “virtual” reference for an in-
plant measuring system it is obligatory to ensure
such properties as metrological efficiency and
metrological uniformity. Metrological efficiency
can be referred to as the ability of an in-plant
measuring system to ensure operational control
over metrological characteristics of the MIs used
in the in-plant measuring system. When operat-
ing together a sufficiently stable set of the Mls in
the in-plant measuring system for a long time it
is easy enough to create an information database
on individual accuracy and stability of each MI
and develop a technique for updating the database
[13]. Metrological uniformity can be referred to
as providing of technical capacity for effective
comparisons of the MIs used in the in-plant mea-

suring system. State of the art of microelectron-
ics makes it possible to create highly accurate
facilities that can provide the necessary technical
capabilities at low cost to implement comparing
procedures [8, 16].

Let’s consider a possible realization of the
“virtual” reference for widespread in in-plant
measuring systems. In the in-plant measuring
system (at a separate company or an organiza-
tion), there is a set of operating MIs that measure
process parameters. This set of MlIs can be split
into several groups of MIs of the same kind. Each
such a group measures similar input parameters.
Then, for each group of similar Mls, it is possible
to create a “virtual” reference of a physical value
that is measured within the group. The specifics
of creation of a “virtual” reference are in the pe-
culiarities of the procedures of mutual compari-
sons of MI and statistical operations for determin-
ing the physical unit value of the reference.

The method of mutual comparisons within
groups of MIs of the same kind can be carried out
in the following ways. In case of closely placed
Mls, e.g. on a control board, it is necessary to
implement the scheme and the schedule of their
periodic disconnection from sources of measuring
signals. After disconnecting them from the mea-
suring signals a stable reference signal should be
simultaneously connected to the inputs of the all
MlIs. Using the series of readings obtained from
this set of Mls of the same kind - {X, X_,..., X }
it is necessary to compute its arithmetic mean,
which is considered to be a reference value:
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Then, having determined errors of the MlIs {A ,
A,,...,A } and having compared values of these
errors with maximum allowable limits for each
MI there can be identified MlIs whose error ex-
ceeds the allowable limits and, therefore, they
should be removed from the process of measure-
ments and be calibrated. An important require-
ment in the implementation of this method of
comparison is to ensure the stability of the refer-
ence signal source while recording readings of all
the MIs under test.
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If an in-plant measuring system is organized
in such a way that it has periodic breaks in its
operation and it is inappropriate to carry out pre-
liminary comparisons one can arrange circular
comparisons of the MIs. Then, in conditions of
metrological autonomy, having done consequent
comparisons of Mls of the same kind, we get a
matrix of comparison results [6].

After appropriate statistical processing the
maximum-likelihood estimate of the compari-
sons is taken as the value of the “virtual” refer-
ence [4]:

X =argmax{p(X1,...Xj/X)} 3)

where: X is a real value of a physical unit mea-
sured during comparing.

This method can also be used for comparing
MIs of the same kind of unequal accuracy if one
enters into the matrix weighting factors of the
mutual comparisons [4].

MEASUREMENT RESULTS

When there are several groups of MIs of the
same kind or they are distributed in remote areas
of the measured object, their mutual comparisons
can be arranged as follows. One must select the
most stable MI within each group of Mls of the
same kind using the results of previous operation
and calibrations. Then the procedure of mutual
comparisons becomes simultaneous with mea-
surements using the most stable MI and each MI
within this set of Mls. Taking as the reference
value the reading of the most stable MI and hav-
ing processed the measurement results there can
be identified the MIs, which should be calibrated.
This algorithm of providing traceability within
the in-plant measurement system is confirmed by
the carried out study [2] and it is obviously less
expensive because it does not require any addi-
tional technical facilities. To ensure traceability
of measurements in the in-plant measurement
system to the units of physical quantities, which
are reproducible with state standards it is suffi-
cient to carry out the calibration of the selected
most stable Mls.

It should be noted, that MIs which belong to a
certain “virtual” reference are operated in a usual
way as well as the rest MIs in an in-plant measur-
ing system. However, their high metrological sta-
bility allows using them periodically to improve
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metrological reliability of the set of Mls in the
in-plant measuring system.

The proposed approach for estimating units
of physical quantities using “virtual” references
allows ensuring traceability of measurements for
a wide range of units of physical quantities in in-
plant measuring systems. In addition, it is also
possible to reduce service expenses for Mls in in-
plant measuring systems.

CONCLUSIONS

The creation of “virtual” references in an in-
plant measuring system will improve the reliabili-
ty of measurements and metrological reliability of
MIs used in the manufacturing processes as well
as will reduce costs of metrological confirmation
accordance of the Mls to required metrological
standards. Further studies should be carried out
towards the development of efficient algorithms
to process the results of mutual comparisons
within the in-plant measuring system and the cre-
ation of stable industrial calibrators.
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