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Abstract

The offered systematic approach to creation of information-measuring systems of considered parameters consists of cumulative
analysis of measurement processes and a correcting filtration for the purpose of achievement of the balanced metrological,
structurally-algorithmic and functional efficiency indicators of developed means. The operators of preprocessing and
representation of measuring data have particular filtering (correcting) properties. Therefore, with the purpose of rational
hardware and software implementation of correcting filtration problems and in order to prevent superfluity of additional data,
inlet into a measuring channel, it is expediently effectively to use filtration properties of reference operators of preprocessing

and representation of the measuring information.
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1. Introduction

Signals of alternating current in many events have
nonsinusoidal nature. The cause of the appearance of the high
harmonics during digital measurements of nonsinusoidal
signals is noises added on useful signal. In nonsinusoidal
signals (NSS) high (usually odd) harmonics are connected
with processes of production and consumption of electric
energy. Though curves of instant values of continuous signals
are more informative, they not always are easy understood.
Therefore determination of integral parameters of signals
(IPS) in real time for control and analysis of controlled
processes and objects is important. On production these
parameters characterize a total amount of material and energy
entered and got in determined time lag, operating factors,
consisting of average values of measured parameters of the
object. Determination originality of IPS by digital methods
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and means is a realization of the discrete averaging (DA) or
discrete integration (DI) of continuously variables in the
observation interval.

A broader use of software tools in digital measuring
technology in the first place must be directed on more
efficient (optimal or quasioptimal) decision of measuring
problems. Need of the technical condition estimation of
automation object on basis of fuller and more correct
information translates results accuracy into foreground not of
separate measurements, but dynamic measurements of
collections of physical quantities, executed on background of
noises in real time. In this sense making the new generation
of the processor measuring instruments developed
measuring-computing techniques as a whole.

Software tools in modern systems are not broadly used only
for measurement results processing and measuring
experiments control, but also for measurement results getting.
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This factor was a reason of the change the structure IMS i.e.
a reason of the transition from the centralized structure to the
partly centralized and local (distributed) structure. In such
systems getting and processing of measuring information are
realized on basis of microcontrollers, microcomputers and
other microprocessor sets. That is why the numerical
methods get deeper into measurement and processing
processes.

Use of software tools as elements of a measuring circuit in
information-measuring systems (IMS) of distributed structure
provides in many events measuring information interchange
in real time. Thus a process of measuring and processing its
results are combined (on time). That is why the main
requirements to functional of the information
processing tract translate compatibility of their parameters
and principle of operation with methods and means of digital
signal processing (DSP) into foreground. And this, in its turn,
conditions a broader use of recurrent algorithms during DSP.
Exactly for this reason an interest to DSP methods increases
at the last years and first of all this is explained by broad
using of the computer technology and digital technology in
different areas of science and technology.

units

From a standpoint of using to measuring technology the main
purpose of DSP using is directed to greater increasing of the
signal/noise ratio on the path to the decision of the problem
of getting of maximum of reliable information from a noisy
measurement’s results.

2. Methods of Solution

Instrumental errors appeared because of "faultiness" of
methods and means, as well as elements and units used
during realization '"measurement-processing" tracts of
nonsinusoidal signals are different. Their composition,
quantitative and qualitative factors depends on a construction
principle of the "measurement-processing” tract. But in any
event the following stages must be executed:
1) Transformation of the controlled parameters vector
N ={A (), A, (). A, (1)} of the 2utomated object into the

analog signals vector X ={x, (¢),x,(?),....x, (1)} by means

of sensors of source information i.e. X = ¢[/\] ;

2) Transformation of the signal collection X into the digital
signals vector Y, :{yl (tl.),yz(t,.),...,yq(tl.)} , i=0,M —1
by means of operators F={F,F,,.,F,} in the
continuous or discrete time domain i.e. Y= F(X);

3) Calculating (an estimation) of integral parameters

I ={11,Iz,...,lp} of the digital signals collection ¥, i.e.

>

I=1[Y],i=0,M-1.

For simplicity we shall consider possible algorithms of a
single-channel "measurement-processing” tract.

1) Getting of measuring signals, functional analog
conversion, coding and digital processing of results

A0 - x(0) » y(O) - y(,) ~ 1, (1a)

2) Getting of measuring signals, analog-digital functional
conversion and digital processing of results

AW - x(0) - y(8) - 1, (1b)

3) Getting of measuring signals, linear analog-digital
conversion, digital functional conversion and processing of
results

A1) - x(0) = x(t) - (1) 1. (1¢)

In all three directions heavy research-and-practical and
design work is executed for a long time. Results of these
work are relatively analyzed in [3]. Considering development
trends of the information-measuring system investigated by
us, for more solid use of digital technology advantages and
herewith from a standpoint of getting balanced collection of
hardware-software the algorithm (1¢) is more expedient and
perspective. That is why the following our studies we shall
make for this direction.

In the algorithm (1c), either as in the other algorithms,
transformation A(¢r) - x(¢r) i.e. x(?) ZGD[A(t)], because of
interconnection "automated object + a sensor of information",
being a problem of information-measuring technology and by
reason of "faultiness" of a sensor of information is
accompanied by noise pollution of the measuring signal
x'(t)=x(t)+Ax(z) That is why an inverse problem

A@) =™ [x*(t)] , as an incorrect problem is still actual.

A linear analog-digital functional conversion x'(¢) — x, ,

being a problem of dynamic measurements, is accompanied
by corresponding errors (noises) in the processes of sampling

D [q] and quantization KV [[]] .

x'(t) = x(t) + Ax(¢) sampling and quantization of the noisy

During the

measuring signal A(f) - x(f) getting from the first stage, the
hereditary error creates additional problems, i. e. a real result
is getting as x =x(t,)+Ax'(t,)+&, (here &, is a
quantizing error).

The conversion x;" - y; ;. digital functional conversion

y, =F [x,} executed in the discrete time domain is
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accompanied by some truncation error (approximation of
functional dependence) and instrumental error (round-up) in

the process of realization of corresponding operator F [[]] As
a result a noisy digital signal y; =y, +Ay, is got.

Discrete averaging (or discrete integration) of noisy minorant
function occurs in the conversion process and herewith the
got result is accompanied by round-up noises and operator
noises Al .

As it is seen, in the process of real measuring information
interchange numerous errors (noises) of different form and
nature appear and they are transformed in the "measurement-
processing" tract.

Considering factors, specified above, we shall present the
metrological model of the single-channel "measurement-
processing" tract as shown in fig. 1.

:
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Fig. 1. A metrological model of the single-channel "measurement-processing" tract.

In this fig. the real tract is shown by the operators @, D, F,
KV, I and the “’standard” tract is shown by the corresponding
operators @y, Dy, Fy, KV, I,.

It is necessary to mention that in existing work, executed in
this area, there was not a system approach to the processes of
"measurement-processing”, but approach was from a
standpoint of errors of the methods and means of the separate
conversions.

Founding on the offered metrological model we shall
systematically approach to analysis of real interchange errors
of nonsinusoidal signals.

We shall take the following conditions comparatively to
operators, characterizing the "sample" tract;

* The operator ® [0 is described by nominal conversion

function of the sensor of information (here

p-l }
¢ [AD]= Za‘, [A@®)] ). The coefficients ay, a;, a,; and
=0
order of the polynomial are valued during the production
of the sensor of information on basis of its metrological
tests.

* Operators Dy[[J and KV, [l correspond to the analog-to-

digital converter, operating in dynamic mode, built on
basis of a "standard" digitizer and "sample" quantizer
having an infinitely large number of levels.

The "sample" digitizer has the following conversion function

x()= Y X(nT,)8( - nT,) @

Here () is a delta function.
The "sample" quantizer fulfills the following conversion

X = zi;g{h Eﬁ%ﬂ =x(t)- 3

h—

Here h is a quantization step.
As it is shown from the formula (3), the condition

fim[h Eémﬂ = is accepted i.e. a fractional part of x(t;)/h
~0 h

h

ratio goes to zero.

* The operator F,[) corresponds to the discrete functional

converter with an "infinitely" large number of bits (a
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truncation error is closer to =zero) and realizing
approximation of the F(x) function with "infinitely" small
intervals.

* The operator ;[ satisfying to conditions M- oo and

Qo(M, y)-0, is a device of the discrete averaging with
truncation, methodical and instrumental errors close to
Zero.

It is possible to analyze appearance and transformation
processes corresponding to errors along a tract on basis of
outputs differences of corresponding real operators and
"standard" operators.

3. Conclusion

Thus, in this paper we have got corresponding analytical
expressions for estimation of errors of generalized functional
blocks, executing transformation and primary processing of
nonsinusoidal  signals in the single-channel real
"measurement-processing" tract. For this purpose, following
characteristics and advantages of the methods designed by us
were noted:

e a system approach to problem and considering not a
concrete device (scheme), as functional units of the tract,
but their general characteristics (functional and
algorithmic purposes);

* besides errors analysis of separate functional units, the
estimation and considering their transformations in the
tract (it is very important from a standpoint of more
natural and objective estimation of the resulting error in
the output of the tract);

 universality of the methods i.e. got results can belong to
"measurement-processing" tracts of any structure and with
any amount of channels and at the same time the signal x(t)
can enter not only the class C[0,77], but also the class of

any one-dimensional signals.
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