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Abstract—The paper considers a type of weighing systems
with built-in metrological blocks that implement identification
and test methods of measurement with a multivariant structure.
The functional scheme of multivariant measuring system with
built-in metrological blocks is presented. The differences between
the systems with embedded metrological blocks fundamentally
from traditional measurement systems are analyzed. Realization
of automated laboratory metering installation and industrial
complexes of automatic metering which depending on a complete
set can include the considered multivariant metrological blocks
for identification of metrological characteristics of measuring
instruments on the basis of natural-model approach and
multivariant systems are described. Industrial implementation is
considered on the example of a batcher corresponding to GOST
30124-94 designed for batching of bulk materials and an
automated control system for multicomponent batching which
together with the suggested built-in metrological blocks have
advantages over their analogues in terms of accuracy and
maintenance costs.
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Weighing systems have a special place at any production. If
the quality of commercial accounting is clearly expressed as an
economic effect, it is harder to evaluate the technological one,
as errors made at different stages of the technological process
due to incorrectness of incoming information in the control
systems have a great impact on multi-stage production. In this
case, the accuracy of weight-dosing systems depends on the
total error of weight measurement, which mostly depends on
methodological factors and some extent on technical factors
and after that on the control algorithms themselves.

INTRODUCTION

II. INTEGRATED METROLOGY UNITS

Solving technical problems is not enough to solve the
problem of improving the accuracy of the measurement
system, such as increasing the sensitivity of elements, the digit
capacity of transducers, the quality of signal transmission, etc.
The operation of measurement subsystems is characterized by
essentially nonlinear changes in time and requires a special
solution to the issues of coordinating data processing
algorithms with the transformations affecting the total
measurement error. This requires the wuse of built-in
identification and test metrological units [1,2].

The effectiveness of such built-in metrological units lies
not much in automation of such procedures as registration,
collection and transmission of direct measurements for
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processing as in providing fundamentally new opportunities of
conducting the measurement experiment. Namely, the
experiment can be conducted with active influence on the
measurement object in accordance with adaptive optimal plan
of a particular measurement task, hardware and numerical
methods of filtering and correction of errors can be used. It can
be allowed the principles of invariant and complexing can be
widely applied, operator intervention in the course of the
experiment in the dialogue mode, etc. [3-5] The use of these
features allows you to get more complete information about the
object and contributes to a significant increase in the efficiency
of measurement processes.

Thus the actual issues of development and improvement of
automated systems of technological measurements and their
adaptation to a specific measurement object is the introduction
of metrological units, solving the problems associated with the
definition of standard and real metrological characteristics of
individual traducers and systems as a whole. It is necessary to
calculate measurement errors; improvement of accuracy,
reliability and reproducibility of measurement results;
determination of the dynamics of measurement errors for the
purpose of planning metrological operations, as well as
automation of metrological tests, including operational
verification and metrological diagnostics of modern complex
measurement and information-measuring complexes.

II1. IDENTIFICATION AND TEST METHODS OF MEASUREMENT

The solution of the problem of calculating metrological
characteristics of measuring channels of analog-to-digital
complexes is important for the practice of specific
measurements [6-8]. There is a known approach to calculate
the normalized metrological characteristics of the system
according to the established metrological characteristics of
individual ~measuring traducers. Methods based on
deterministic approach to rationing only the limit of tolerable
values of the basic and additional error no longer can provide
verification of measuring instruments with the required degree
of reliability. The solution of this problem are not fulfilled as a
statistical evaluation problem proceeds, as it is well known,
from a number of assumptions (hypotheses) regarding the
properties of errors, which in most cases of practical
measurements, especially in industrial production conditions.
The tasks of experimental determination of static and dynamic
metrological characteristics are far from being solved. Most
methods for determining the metrological characteristics of
measuring instruments are based on methods of identification
and some sections of calculation mathematics [9, 10]. There
are known difficulties in applying these methods, for example,
due to the incorrectness of the calculating procedures. It is
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worth noting that the problem of identification of metrological
characteristics in metrology has specific features, because the
determining (input) factor in measurement systems is an
unknown quantity and identification has a special input test
action, reproducible with a given accuracy. As a result,
significant difficulties arise in the implementation of test
effects when determining such physical quantities as
temperature, pressure, flow rate, substance composition, etc.,
as well as for most physical quantities, especially in wide
ranges. That is why the method of element-by-clement
verification of measuring systems is widespread in practice.

Test methods of measurement are an important tool for
solving tasks, especially for modern automated systems. These
methods have been adopted as prototypes in the development
of new methods for measuring such physical quantities as the
mass of loads and dosed materials, the flow rate of liquid and
gaseous substances, etc. Models and algorithms of
identification-test technological measurements are based on the
concepts of the general scientific-applied direction "Variances"

[11].

For example, there are the following types of multivariant
structures: 1. Multivariant structure of the object type, which is
most often embodied in the form of full-scale model blocks, so
necessary for production and research automated systems. 2.
Multivariant structure of recursive-layered type, which
corresponds, in particular, to a multivariant filter of exponential
smoothing of the first, second, third and so on orders. 3.

multichannel active systems with origins in stimulated man-
machine interaction. 4. Combined multivariant structures.

Multivariant structures are fundamental to the direction of
multivariant technological measurements, means and systems,
especially in the form of multivariant methods and measuring
methods and primary measuring transducers.

In general, the structure of a multivariant measuring system
with built-in metrological blocks is shown in Fig.1 Authors and
Affiliations

The guiding principle of multivariant technological
measurements is formulated as follows: there is no anyone,
allegedly optimum variant of measurement of any
technological quantity and in the majority of situations
practically necessary the complex realization of many variants
of technological measurements with their effective mutual
combination and interosculation on all functions and kinds of
maintenance.

To improve metrological support in the structure of the
measuring system two subsystems are allocated: acquisition-
measuring and calculation-measuring. First one is used for
direct perception of measured technological parameters and
their transduction into measuring information signals. This
subsystem correlates with samplers, communication lines and
other devices.
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Fig. 1. Schematic diagram of a multivariant measuring system with integrated metrology units

932



2022 International Conference on Industrial Engineering, Applications and Manufacturing (ICIEAM)

Second one is a recalculation models, smoothing and
restoring filters and other operator converters are used for
processing primary signals with the purpose of reliable
evaluation of actual values of technological parameters.

Second one is a recalculation models, smoothing and
restoring filters and other operator converters are used for
processing primary signals with the purpose of reliable
evaluation of actual values of technological parameters.

Automated systems of technological measurements with
built-in metrological units are fundamentally different from
traditional measurement systems. It is because along with the
known metrological effects, as a rule, at the level of exemplary
influences(Xo0p) and signals (p-signals) directly to the inputs
of basic measuring instruments in IIM special restrictions and
metrological forming effects (including test, indicator,
deploying etc.) directly on measurement objects (on the
formation process of measured quantities).

The basis of methodological support for the IIM and VMB
is the apparatus of full-scale mathematical modeling [12, 13]. It
is with limit variants in the form of purely full-scale
experiment on the one hand and purely mathematical modeling
on the other hand. As well as robust procedures of multisample
formation and analysis of full-scale and half-surface data under
conditions of normal operation of measuring instruments and
limited active experiment.

IV. LABORATORY IMPLEMENTATION

To solve training and research tasks based on the proposed
methods and concepts we developed an automated laboratory
unit based on the physical model of the dispenser Fig. 2.

Fig. 2. Automated laboratory dosing unit

This model allows you to explore and improve dispensing
methods on the basis of identification and test methods and
multivariate measurements.

The laid down algorithms and methods are implemented
using the ADC board and Native Instruments software in the
LabVIEW functional simulation environment. The physical
input/output signal contacts of the machine are looped together
and switched to the Siemens S7-400 industrial controller for
debugging algorithms. Which allows the development of
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application software directly in industry-standardized

languages and control equipment.

This unit allows to realize different modes of application of
test influences (Fig. 3), which allow to evaluate metrological
characteristics and to adjust the dispensing process according
to new conditions: once testing (distributed tests); repeated
testing (pulsating test); alternating testing.
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Fig. 3. Testing modes: a) once; b) repeated

It is possible to set and solve typical problems of industrial
metrology within the framework of the developed unit
integrated into the training and research complex of metrology
and technical measurements [14]. It includes training problems
(figurative dynamic representation and classification of mass
measurement methods, identification and test metrological
diagnostics, joint discretization of dynamic signals and
transducers, joint selection and adjustment of ADC and anti-
substitution filters, anti-inertial correction of dynamic signals,
multi-criteria selection of metrological solutions, etc.).

V. INDUSTRIAL IMPLEMENTATION

Using of different technologies depends on the required
accuracy of the measuring and dispensing processes, varying in
their complexity and cost. However, with a huge volume of
production, even a small error over time turns into a significant
economic loss. In order to avoid this it is necessary to combine
effective methods and algorithms of metrology, control
algorithms and technical solutions.

In any production, sooner or later there is a task of batching
or weight accounting in some form - continuous batching,
batch, multi-component, single-component, etc. In the coal
enrichment industry this is the task of burdening different
grades of coal, dosing reagents in the metallurgical - metering
and loading materials into the furnace pockets, in the chemical
industry is the actual task of packing soft containers such as
Big-Bag, etc.

Experience shows that the best results can be obtained with
automatic dosing complexes. For example, on fig.4 presented
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dispenser LLC UK "Sibtenzopribor", developed in accordance  grades in a given ratio. This requires the development of
with the standard GOST 30124-94. automatic control systems that take into account the

- peculiarities of receipt and distribution of different types of
concentrate in the warehouse of finished products, the location
of batchers of mixture components, the characteristics of
collecting conveyors and places of installation of measuring
devices. By considering such factors, the control object model
is a time- and space-distributed structure with different
application points of control actions and different delays for
different mixture components [15, 16].

Batchers with measuring devices are represented by typical
automatic control system's elements: a relaxation circuit of the
first order and an integrating element with cut-off. The total
amount of dosed concentrate is evaluated indirectly by
summing up the masses of individual mixture components.

The control algorithm includes the following blocks:

Fig. 4. Batch weigher for bulk materials e calculation of the error (error) of dosing the total mass
of the mixture;

The batch weigher is an equipment with a complex ) )
automated control mechanism, power supply. The construction * cvaluation of the fulfillment of the specified mass
of the equipment consists of a belt conveyor with a load- ratios of the mixture components;
receiving device, a control system located in the control cabinet
and providing the results of processing, displaying and storing
the measurement information, as well as of the drive motor of

e calculated recovery of the required values of each
component of the mixture;

the belt conveyor. For multi-component dosing, entire systems e extrapolation to the lag intervals determined by the
are being developed, including both individual batch weigners location of the batchers relative to the collecting
and groups of ones. Fig. 5 shows the dosing window of the conveyor;

charcoal concentrate of the possible 5 components. .
P P e  generating tasks for the actuators of each batcher.

The requirements for suppliers of coal concentrate include
not only the shipment of the required amount of concentrates
of individual coal grades, but also concentrates of different coal
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Similar automatic dosing systems with the presented
algorithm are implemented at coal preparation plants. The
operating results confirmed the efficiency of the systems [17-
19].

VI. CONCLUSION

The results of the work allow us to conclude on the
expediency of wide application of the considered direction of
technological measurements, which leads to a very significant
effect on flexibility, accuracy and diversity of the real
measuring process.

Built-in metrological units of identification and test
measuring systems with multivariant algorithmic data
processing allow combining verification and working
measurements, providing reduction of labor costs for
maintenance and on-line accumulation of reliable information
on their actual characteristics.

The common use of the developed technical and
algorithmic solutions makes it possible to create effective
automatic dosing systems in various industries.
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