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1. Introduction

All controlled technical, technological objects, being multi-parameter, have certain
characteristics and properties [1]. These properties are differently manifested in the application of the
data class in the control of the corresponding objects. From this point of view the accuracy criteria
used in the evaluation of information-measurement and control systems, characterized by a large
number of parameters, i.e. a large number of input and output parameters, open up great opportunities
for improving the applied information society for managing the existing problems of society in all
spheres [2]. The difference between the aforementioned systems is related to the purpose of the
objects in which they are applied, the former are technical, technological, artificially created systems,
while the latter are socio-natural.

Not all characteristics of objects are used in evaluation, but only those variables and parameters
that reflect properties and quality that strongly influence evaluation. By characterizing these
properties with a generalized parameter, we denote it as a quality parameter Q, which can be used as
the final result of solving the control problem and which shows the compliance potential of the object.

The difference between two properties of objects with certain boundaries is determined by the
absolute value of the difference of quality parameters |Q, — Q,|. External factors (y) influencing the
object change its state. At the same time the quality parameter Q also undergoes a corresponding
change. A change in possible values when setting or measuring x, which is a set of certain informative
parameters, cannot directly affect the change in the output of the control object. Therefore the
functional model (f) reflects a quality parameter Q showing the impact of all characteristics of the
control object, the relationship between the values of impact factors y and informative parameters x,
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and allows us to investigate and analyze these relationships.
2. Problem statement

A functional model of an object includes the features of the concepts developed in the special
field for these types in the process of application [1]. The actual characteristics of objects are very
important for control purposes, and they have points that should get special attention in the
implementation of control.

Structural complexity of any model when evaluating its actual characteristics on the basis of
the functional model of the object does not guarantee the absence of systematic errors. This is also
due to the fact that this functional dependence does not fully reflect the existing properties of the
object under study. Therefore, it is necessary to determine the thresholds of methodological errors,
based on the concept of measuring the set of given parameters.

It is possible to reduce the estimates of errors of measurement results of characteristic indicators
of the object to the required limit, at which the appropriate organization of measurements is
considered acceptable. The set of parameters X (x;, x», ..., x,) influencing the quality parameter Q
of the object, its current state, at conducting measurements in different shared channels, and the set
of excitatory factors Y (y;, y2, ..., ¥in) IS heterogeneous and can be repeated in various combinations
in measurement processes. Thus the measurements carried out with a view of estimation of level of
quality or a state of object on the basis of the functional model f constructed for the object are multi-
parameter.

The general block diagram of the multi-parameter system, which implements the functions of
management and control based on the collection, measurement, processing of data through
information channels and allows us to determine the overall quality indicator and other characteristics
of the above parameters based on the set of parameters affecting the object and the set of excitatory
factors, is shown in Fig. 1 [3].

The block diagram in Fig. 1 shows certain important points related to the system based on multi-
parameter measurements, the general principles of structural synthesis based on the accuracy criteria
of the ideal automated system with the functions of collecting and processing multi-parameter data,
where the main principle is to reduce the output error of the system by minimizing the errors in
various information channels.

It should be noted that in the concept of multi-parameter measurements first of all simple
functions are implemented in multi-parameter data acquisition and processing systems. Regardless
of the purpose, the following tasks must be accomplished:

1) in the process of determining the set (x;, x5, ..., x,,) Of parameters x; measurement of
specific informative parameters and evaluation of the current level of the quality parameter (state) Q
of the control object by rank;

2) the processing of a certain set (y,, y,, ..., ¥m) Of control factors y; (i = 1,m) that change
the object's output, and transfer it to the multi-parameter control system;

3) measurement of certain parameters y,, ke{1,2, ..., s} of the set of independent external
factors (y,, y2, ..., Vi) that cause changes in the state of the object;

4) synchronicity of the moments of measurement of the corresponding values of the sets
(X1, X2, s X)), (Y1, Y2, -, Yx) and the system generating parameters (yy, ¥z, ..,¥;) (Ux;,
Uk, Uy; — uknown quantities);

5) in the process of measuring the current values of the parameter Q through the functional
model f, the presence of a variety reflecting the difference |Q, — Q4| properties of the object,
avoiding the recognition of objects beyond the boundary values of the parameters.
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Fig. 1. A structural model of a multi-parameter system

The requirements defining the structure and functions of such an information-measurement
system can be interpreted as follows:

1) a set of n measuring channels to determine the current values of parameters x; representing
the current level of quality indicator Q of the object

2) availability of m channels to generate a control set of external impacts y; that have a strong
influence on transition of the object from one state Q;; in the process of measurements;

3) a set of s channels to measure independent external factors y, that affect the object and
change its current state;

4) multi-parameter measurement and control computer, which ensures the integration of all
information channels as well as measurement algorithms into a single system;

5) software that performs measurement algorithms based on a multi-parameter functional f for
a given object type.

3. Solution

The main parameter that determines the accuracy of the impact on the system and the set of a
large number of parameters that characterize it, is the quality indicator Qijk. When assessing the
current level of the indicator Qjjk for the object, the uncertainty should not be higher than the allowable
maximum error, should not exceed the allowable limit of maximum error. To ensure a given level of
reliability when assessing the quality indicator the appropriate metrological characteristics and
structure of channels for access to information of the system are selected, and on their basis the
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accuracy criterion corresponding to the structure of the system under study is determined [4].

The accuracy criterion is fulfilled, as in the measurement process, by providing normative
(selective threshold) estimates of metrological (accuracy and uncertainty) characteristics of the
system.

According to the accuracy criterion of the system structure, in the general method of synthesis
there is no specific impact of a specifically defined form of the above-mentioned characteristics. For
example, it may be considered appropriate to take the maximum permissible value of the accuracy
criterion as the final result when evaluating the accuracy criterion in the system for obtaining
information about objects with numerous parameters o, Q for standard deviation of error [5]. This
criterion allows to take into account the influence of different parameters on the output, characterizing
the total accuracy at the system output.

The normalized value for o,,,Q depends on the data corresponding to the absolute values of the
difference of useful object properties (for dynamic boundaries in their measurement) |Q, — Q,/, the
required quantization interval dQ, as well as the specified accuracy coefficient kp (where p is the
concealment probability) [2]:

|Q2 Q4] _dae

1)

where o,,Q is accuracy criterion for the synthesis of the structure of the data acquisition system, the
maximum permissible value for the standard deviation of the system error; |Q, — Q| is the dynamic
measurement boundary Q; k,, is the system accuracy coefficient; N is the number of connections in

the system; dQ = |Q, — Q,|N is the quantization interval.

To synthesize the structure of the system at the channel level, it is first necessary to determine
the relationships between the metrological characteristics of the system channels in accordance with
expression (1), providing the required accuracy according to the criterion of accuracy in multi-
parameter measurements.

Finding the connection between the system accuracy criteria and a part of the channel accuracy
criteria is the essence of the considered structural synthesis. Such parametric arrangement is clearly
shown in the expansion of the mathematical model f (according to the scope of its application). Taking
this into account, the connection between the standard deviations of random errors arising by different
parameters in different channels in the information system and the standard deviations of relative
errors of the system can be shown as follows:

(0n @) = 12 G2 (00)?] + [ Z1r B my)?| + [Zhes G2 (0mr?],

here o,,,x;, o, y; and o,y are accuracy criteria (incomplete) of the corresponding channels of the
system (in this case, the standard deviation of the maximum permissible values of errors of the

a d -
channels of the system under con3|derat|0n) Ya aI;Q and afTQ are load coefficients (also called
l j k

weighting coefficients), taking into account the relationship between the parameters x; , yi and the
changes y« by Q in the corresponding channels.

If f is a differentiable function, then the load coefficients are special derivatives of the function
in the change of ykx in a multi-parameter data acquisition system x; , i .

The synthesis of the system based on expressions (1) and (2) is considerably faster. Suppose
that the contribution of all channels to the total error of the data acquisition system is the same. Then,
taking the effects of load factors and incomplete accuracy criteria in systems of this type as equal, we
can write the following:
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dfo _ 9fq _ 9fq
(axi)o_mxl - (ayj)o-my] - (ayk)o-myk (3)
Here i, j, k are arbitrary numbers.

Thus, mathematical estimation can be applied to information-measuring channels (linear,

measuring tracts) of any system of this type. Accordingly, it is possible to build the following
functional diagram for the variant of a measuring channel (Fig. 2):

Noutput
—

Ainput

———{ Sensor Converter Counter Interface

v

Y

Y

Fig. 2. A functional block diagram of a measuring channel

Expressions (1) and (2) are used to determine the number of channels. For each of the channels
in the system, we obtain the basic expressions that allow us to estimate the incomplete accuracy
criteria:

omX; < 0,,Q/ (;—;) \/E;\I
om¥i < 0mQ/ (:_3]:1) Va; 4)
OmYk =< GmQ/ (aa_;k) \/a'

where a is the total number of channels; a = (m +n + s).

In the full accuracy criterion, the system is considered at the first level of structural synthesis.
In the incomplete accuracy criterion, the values given in (4) when synthesizing different channels of
the system allow quantitatively moving from one level to another.

The number of information channels included in this type of multi-parameter systems is
determined by the number of objects as well as the number of applications. In this case, the system is
synthesized structurally by the accuracy criterion. There are two types of structures of functional
scheme sequences, in which the set of channels is complete. According to the structure of the
functional scheme with a measurement channel, shown in Fig. 2, the overall measurement process
can include the following blocks:

1) entering of the measured parameter in the system input (Ainput - SENSItive element - sensor);

2) device (converter) that converts the parameters of the electrical signal at the sensor output
into a value equivalent to the measured value;

3) counter that measures the code equivalent of the generated code and parameter according to
the set value;

4) interface for entering digital codes of measured values into the system.

Fig. 3 shows the corresponding structure of the channel path, which has a controlling effect.
This influence allows the object to move from one state to another.
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Fig. 3. Functional block diagram of the control action channel
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The scheme includes the following blocks:

1) channel interface of the data acquisition system (DAS) entering data into the computer,
which accepts parameters Ninput CcOntrol factors y;, (i = 1,m) in the form of a code;

2) digital-to-analog converter (DAC) that converts information in code form into parameters
proportional to an intermediate or control signal;

3) generator that converts the intermediate signal into the set values of the output parameter to
obtain the control action;

4) terminal device that transmits the output signal to the actuator in the object.

According to this block diagram, control signal output channels are created at the control
outputs of a multi-parameter DAS. The direction of information flow between the computer and the
object is determined by the general properties of the control signals transmitted through the channels.

The channel coordinator, which implements the connection between circuits, can consist of
different parts. Therefore, from the point of view of structural synthesis of the channel by the criterion
of incomplete accuracy, it is necessary to isolate at least one of them, differentiating the components
of this scheme in order to estimate the incomplete errors corresponding to each of the components,
as well as to analyze them. The second point to be investigated in the channel synthesis is determining
the form of the functional model. This model essentially describes the characteristic of information
transfer from input to output. The most suitable form of the model from the point of view of accuracy
criterion for channel synthesis are expressions in terms corresponding to analytical formulas in the
form of a differentiable function.

4. Results of synthesis according to the accuracy criterion

Analysis of multi-parameter measurements in various fields shows that generalization of
existing analytical expressions on these models can be carried out in two different forms:

1) an algebraic sum of incomplete homogeneous parameters characterizing the transfer of
measured parameters between links;

2) a product of incomplete transfer functions reflecting the dynamics corresponding to the
relevant parameters transferred between the functional schemes shown in Fig. 2 and 3.

For measuring and transmitting such parameters as spatial coordinates, time intervals,
dependencies between parameters, phase dependencies, etc., it is more appropriate to use the first of
the mentioned model forms.

The following formula is usually used as an analytical expression to describe the channel
transmission characteristics in a multi-parameter DAS:

Ry =Ry —Ry—-—R;——Ry, 5)

where R, is the measured (generated) parameter; Rj is the results of parameter estimation over the
whole measurement chain, Ry, R;, R,, are incomplete values of the parameters, reflecting the impact
of the chain links.

The following analytical expression is used to describe the transmission characteristics of the
working channels:

V(,‘lxl$ = Vgiri§k1k2 ki kN (6)

where Voyipye and Vipg,,, are parameters of input and output channels, respectively; kik; ... k; ... ky
are transformation (transmission) connections in the channels.

Expansion of the transfer function in the form of a parametric series allows establishing the
relation between the incomplete errors and the error values. Here, discarding the intermediate values
for structural synthesis on the basis of the priority channels accuracy criteria, converting them to the
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standard deviation error, we obtain the following expression from (5):
(6mR)? = (0Ry )’ + (R + -+ (GRD? + -+ (6 Ry)?, (7)

where, o,,R, is incomplete accuracy criterion (IAC), formed in the channel and determined by
formulas (3)-(5); o R;, (i = 1,m) is the incomplete accuracy criterion, which should be accepted for
structural links in the chain of priority type channels. All limits in (7) are standard deviations of
absolute values of the corresponding incomplete errors.

For the purposes of synthesis of the generated channel according to the accuracy criterion, the
following expression is obtained similarly to (6):

(O-rrnelvglxls)z = (O-relVgiris)z + (O'relkl)z + -t (O-Telki)z + et (O'Telkn)zx (8)

where 67¢W,,.,1pue 1S 1AC obtained from (3)-(5) for the generated channel type; 6" Vi,pue, -, 0 'k;
is the IAC applied to the blocks in the synthesized type of the functional channel.

Formula (8) for the generation channel is similar to formula (7) for the priority channel. The
difference is that the standard deviation for matching incomplete errors in (7) has relative values,
which are determined as follows:

(O'TT;LelVglxw = O-nglxls/V;;lxw
io—relvgiris =0 Vgiris/Vgiris (9)
o™k, = o k,/k,.

To obtain channels by means of the basic synthesis of the DAS structure according to the
accuracy criteria based on (3)-(5), the measuring channels in the multi-parameter DAS can be
synthesized by one of expressions (7) and (8) by IAC.

As a result of channel synthesis, the filled limits corresponding to the metrological
characteristics in the form (7) for priority channels and (8) for generation channels must be satisfied.

The next step is to determine the base IAC value for the priority channel, taking into account
the number of connections N in the sequence of channel circuits:

OmRx

UmRi < Nk (10)
for the generation channel we get
Ufnelvi < UrT;LelVClxls/\/Ni (11)

where N is the number of connections in the sequence of channel circuits.

Synthesis of a limited number of solutions in problems of this type accelerates convergence,
allowing to realize the application of the correct solution to channel synthesis. Two main cases should
be considered here:

1. The possibility of analyzing the impact of the intrinsic functionality of channel links, which
is difficult to study with the measurement of the specific value of the parameters of the next level in
a DAS divided into subsystems.

2. The presence of equal contributions associated with the channel error value, which is useful
for preparing this base probability to accelerate convergence, that is, solution accumulation, during
synthesis in multi-link channels.
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5. Conclusion

Thus, it is reasonable to apply the chosen options of architecture based on the criteria of
accuracy of structural links of the studied data channels in the development of multi-parameter
information and measurement systems. Here, the general (integrated) quality indicator of multi-
parameter information-measurement control and management system will be determined by the value
of random errors arising on all channels, minimized in the process of synthesis of information
channels on the basis of the accuracy criterion.
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