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Abstract: The paper presents the application of aconverters. The applied method of identificatiolows to
differential algorithm for the “blind correction” @thod with  employ various algorithms of the “blind correction”

respect to measuring systems where both: the meghsur The identification method, employed in this work is
signal and parameters of the measuring channelsagyang based on the optimisation of the parameters ofeseri
with the same fundamental frequency. The influesicthe  correctors in such a manner that the differencevdsen the
measuring channels’ parameters on the effectiverndss results obtained from the both correctors would zkeo.
correction was investigated for the polyharmonisecaising  Such identification algorithm can be named a déffeial
the simulation methods. algorithm or the algorithm for equivalence of twarallel

measuring channels.
Keywords: dynamic error, blind correction, nonstationary = The authors, in their works published until now

transducer [11,[2],[3], present the results of simulation sksl on the
dynamic “blind correction” method, carried out undhe
1. INTRODUCTION assumption that dynamic properties of the analqgare of

measuring system do not change over time, or ait lea
ndergo very slow fluctuations, much slower thaa time-
ate of change of the measured signal. From thaltseef
this investigation it can be concluded that compute
simulation can be, first of all, a useful tool fdetermining
the conditions of applicability of such method fitynamic
correction.
This work presents the results of simulation, thatng
the presented method, carried out for the cycliseca

The correction method, presented in this paper, bEan
applied to such cases where the dynamic properties
measuring channels are not sufficiently known drededfore
the series correctors with fixed parameters can et
employed. A distinctive property of the proposedrection
method is the use of the measured signal for ifieatiion of
the coefficients of the applied model, simultandpusith
the measurement. The self-identification can beefoee

carried out at the system’s operating site, takiig account which the coefficients of a measuring channel agying

theSnont-;n easbllj_ra:jble mfluetnce”s of t?ﬁ sdystem egmem. d i with same fundamental frequency as the measureathlsig
o the ,biind correction™ Method can e USEd MNypes  The functions which — describdime-variable

measuring systems i_n WhiCh.the oper_ating co_nditi_ohs coefficients of a measuring channel, may contaimenous
transducers affect their dynamic properties. Irhssituation harmonics '

even a precise determination, under laboratory itiond, of

the coefﬁufants of _d|fferent|e}l equations desarii the 2 THE MATHEMATICAL MODEL OF THE

transducers’ dynamic properties, does not lead tgped CORRECTION SYSTEM

quality correction because the coefficients undergo

uncontrolled changes after installation of transdscat the The measuring system which performs “blind

operating site. correction” consists of two independent analoguancels,
The dynamic ,blind correction” can be performedan synchronously measuring the same input quantity with

system containing two measuring channels, whichsommea the fundamental harmonic perio®=1, w=21/©. The

the same input quantity. A unique analytic solutafrthis  sensitivity of both channels was assumed unity,, ket it

task for a stationary case, requires the dynanupgaties of is not subject to identification. The measuring rutels are

these analogue channels to be different. The dtgori modelled in the form of nonstationary first-ordéffetential

applied to the results obtained from both changelssists equations (1) (2) and they generate outputgt}and X(t).

of two stages: the identification of dynamic prder of The coefficients of channel's dynamics (coefficiewof

measuring channels and, subsequently, the senigsction.  the first derivative) have the form of dmmponent plus

In practice, this algorithm can be performed nuoadly, alternate sinusoidal component with the frequentythe

and for this purpose the channels shall be prowdd8dA/D  measured signal:



dx,(t) Inferring from the correction conditions for a statry

U(t)z(T1°+T11Bin((*x+¢ll)) dt *Xa(1) 1) case, it has been assumed that the dc components of
dXz(t) dynamics of both channels —gTand T will be different.

U(t) = (Too+ Tor (BN + §5,)) .

The reconstruction of instantaneous values of th
measured signal U(t) is achieved by means of seri
correctors, operating as numerical algorithms, pecelently
in each of the two signal-processing channels. foha of
the series correctors (3) (4) is matched to thenfof the
measuring channels’ models:

+X2()  (2) Firstly, it was investigated how the correctionigéncy
varies with the change in the dc component of §reathics'
Roefficient of one of two channels £J. The investigation
$as been carried out for two cases: the first -nmthe value
of dc component of the dynamics coefficient in first
channel (T suggests good dynamic properties, and the
second - when poor properties can be expected.

In the first case the parameters of the first cehmrere

Yl(t)z Xo(t) +(a, +B, Bint +y,)) dxil(t) (3) set to: T=0.1, T;=90% Ty, (0.09),¢1,=-0.75 rad, whereas
dt () in the second channel theglvalue was altered over the
_ . dX,(t range from 0.2 to 1.5, with other parameters fixad
Yz(t) =X (1) + (0, +B, Bin(t +y,0) Tdt 4) T»1=90%T,, andg,.= -0.35 rad.

a1, Bu 02, P2 Y1, Y2 — are parameters, i.e. of the dynamics The_ ma_lximum _ value of dynamic error before_ the
coefficients of both channels whose values aredinghe correction in the first channel was 0.68, whereasthie
process of parametric Optimisation_ The A/D corgrels second channel it was varied from 080 to 19, dém on
modelled in the form of a quantizing Operation (5)the values of I) and sz_. The maximum error after the
R correction was 0.014 to 0.039. The correction &fficy
(parameters - the range R, and word length WE,———): index Q versus the dc component of the dynamics’

2" coefficient - T, is shown, for this case, in Fig. 1.
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Finally, the output quantity Ujt defined, at each 50
sampling instant;t as the average of the both channels ~ r_‘_‘\’—‘\
outputs Y ; and Y,;. The index of the criterion J minimized 40 \ / \‘
in the algorithm for optimisation of correctors’rpaeters is 30
defined as a norm 4bf the difference] Yy, - Yy, | . 20 \ / \
In this work, the correction efficiency index Q was N
adopted for evaluation of the quality of the measur 10
system performance. This index defines how manggithe 0
maximum instantaneous value of dynamic error was AN
reduced, in result of the correction, with respést a ¢ o0z 04 06 08 1 12 14
measurement (the better one) without the correction T20
3. THE SIMULATION RESULTS Fig. 1. The correction efficiency index Q as a furion of changes in

the dc component of the dynamics’ coefficient () in one of the

The purpose of simulation was to determine how the measuring channels.

efficiency Q of the “blind correction” method depisnon
parameters of dynamics of the both measuring chanhe
was therefore assumed that the measured signaldshas
the polyharmonic form.

The investigation was carried out for the signat)U(
modelled as a trapezoid waveform with unity per{®dl
and adjustable coefficients which determine its pgha
Duration of the signal high value,g4.5 is 0.3, and of the
low value U,=1.5is 0.2. The rise time is 0.2, and fall time is
0.3. The range of A/D converter was therefabeV (R=10
V). On the basis of preliminary simulations theldualing
parameters were used in further investigation: édDverter
word length — 24 bits, sampling rate — 512 perqukrihe

optifmisatg)n metthhodG—Oll;/I\(()gt?Dglarlo. The simulatioasw  ,yemate component of the dynamics’ coefficientoine
per orn;e using the t i I-' an”gu?]\ge. channel. The other parameters of dynamics’ coeffitsi
In the process of simulation all the parametersewer oo et to: 3=0.1, T,;=90% Ty (0.09), o= -0.75 rad,

subjected to change: dc components v Bnd To were whereas in the second channel thg Walue was altered
altered from 0.1 to 1.5, alternate components,rafid T, from 10% to 95% of 7, with other parameters fixed:
within 10% to 95% of the dc component value, plretgé — T,=0.2 and ¢p= -0.35 ’rad The maximum value of

¢118ndez, in the range + 1.35 rd. dynamic error, prior to correction, was in the tfichannel

In the second case the parameters of the firstrehan
were set to: 7=1.0, T;1=90%T,, (0.9), ¢1,=-0.75 rad,
whereas in the second channel thg Wfalue was altered
from 0.1 to 1.5, with other parameters fixed g=80%T,
and ¢,;= -0.35 rad. The maximum value of dynamic error,
prior to correction, in the first channel was 1.8ereas in
the second channel it varied from 0.68 to 1.85eddmg on
the values of J, and T;,. The error value after the correction
was 0.015 to 0.16. The correction efficiency verthes dc
component of the dynamics’ coefficient oTfor this case,
is shown in Fig. 2.

Next, it was investigated how the efficiency of
correction varies with the change in the amplitwdethe



0.68, whereas in the second channel it varied, riépg on
the T,; value, from 0.89 to 1.07. The error value aftex th
correction was 0.0075 to 0.037. The correctioncificy
versus the alternate component of the dynamicsficamnt

- T,4, is shown for this case in Fig. 3.
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Fig. 2. The correction efficiency Q as a functionfaa change in the dc
component of the dynamics’ coefficient (7o) with T10= 1.0
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Fig. 3. The correction efficiency Q as a functionfaa percentage change
in the amplitude of the alternate component of thelynamics’
coefficient in the second channel () with respect to the dc component
of this coefficient

Then, it was investigated how the efficiency of
correction varies with the change in the phaset gfithe
alternate component of the dynamics’ coefficientoine
channel. The other parameters of dynamics’ coefiitsi of
both channels were set t0:10¥0.1, T;;=90%T,, (0.09),
¢11=-0.75, whereas in the second channel the phase val
was altered from -1.35 rad to +1.35 rad, with othe
parameters fixed: ;)= 0.2 and 3= 50% of T, (0.1). The
values of the second channel parameters were agect
based on the former investigation, to provide therage
value of efficiency. The maximum value of dynamime in
the first channel, prior to correction, was 0.68d an the
second channel it varied from 0.81 to 1.06. Therevalue
after the correction was 0.012 to 0.045. Figurddws the
correction efficiency as a function of the dynarhics
coefficient phase shifte,;.

4. CONCLUSIONS

Bearing in mind that the models of dynamics of
measuring channels are nonstationary, and the atimme
algorithm executes an optimal choice of six paransetthe
obtained values of the correction efficiency carrdgarded
as satisfactory.
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Fig. 4 The correction efficiency Q as a function ofhe change in the
second channel dynamics’ coefficient phase shifit;, with other
parameters in both channels fixed.

Comparing the obtained efficiency values with the
results former research [2,3], it can be noticesdfG@merly
[3]) that, due to the differential nature of thelifid"
correction algorithm, numerical errors and quantzérrors
have no significant influence on the final resulf o
correction. As follows from figures 1 and 2, thereation
of a "good" (i.e. fast - in terms of,J and T, values)
measuring channel can be made, with a satisfactory
efficiency, by means of the second channel, al§goad"
one, and even better when using a "poor" chanredyeas a
"poor" channel (i.e. slow - in terms ofol and T,g) can be
corrected only with the other "good" channel. Arsgwyly
obvious deduction follows from figure 3 that thegler is
the percentage share of the alternate componerthén
dynamics' coefficient, the worse the correctionicafhcy is.
From figure 4 it can be inferred that changes iagghshift
of the alternate component of the dynamics' caefiichave
a not uniquely determinable influence on the efficy of
correction.

Summarizing, we can conclude that each case of
determining the conditions for an effective "blind"
correction with non-stationary dynamic propertiefs tioe
corrected measuring channels, should be considered
individually. It is possible, as the presented Hssoonfirm
that simulation investigation can be a useful tdof
determining the conditions of applicability of tlgnamic
torrection
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