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Abstract

The article notes the advantages of the method of constructing absolutely invariant measuring transducers

for working in conditions with disturbing influences. However, this method is not universal. Its limitations
are due to the impossibility of "symmetric" transmission of all disturbing influences into parallel measuring
channels. A broader interpretation of the two-channel principle is proposed to overcome these limitations.
The aim of the study was to substantiate and implement a method for constructing quasi-invariant measuring
transducers and systems that retain their metrological characteristics under external disturbances of unknown
physical nature.

The theory that develops the two-channel principle to a full-fledged technological method is presented
in the article. The theory includes the necessary and sufficient conditions for physical feasibility this method.
Two fundamental tasks have been solved in the work. The first task is to identify signs that reflect the essence
of the technological method in to specific cases and the second is to implement a methodology that allows

these signs to be effectively applied in practice.

In the examples, a complex of technologies is defined for groups of elements of quasi-invariant transducers
that provide compensation of the influencing factors acting on them with acceptable accuracy.

There are significant advantages in discussed method. It gives hope for acceptable measurement results
under conditions when character and even physical principle of influencing a priori are unknown.

Keywords: technological method, quasi-invariance, disturbing influences, measuring transducer.

DOI: 10.21122/2220-9506-2020-11-3-228-235

Adpec ona nepenucku:

B.H. Hecmepos

Camapcruil HayuoHATbHBI UCCTIE006AMENbCKUL YHUBEPCUMen!
umenu akademuxa C.I1. Koponésa

Mockosckoe wocce, 344, Camapa 443086, Poccus

e-mail: nesterov.ntc@yandex.ru

Addpress for correspondence:

V.N. Nesterov

Samara National Research University,

Moskovskoe highway, 344, Samara 443086, Russia
e-mail: nesterov.ntc@yandex.ru

Jna yumupoeanusa:
V.N. Nesterov, A.R. Li.
Application of Two-Channel Principle in Measuring Devices

to Compensate for Disturbing Influences of Unknown Physical Nature.

IIpuGops! 1 METOIBI H3MEPEHHI.
2020.—-T. 11, Ne 3. — C. 228-235.
DOI: 10.21122/2220-9506-2020-11-3-228-235

For citation:

V.N. Nesterov, A.R. Li.

Application of Two-Channel Principle in Measuring Devices

to Compensate for Disturbing Influences of Unknown Physical Nature.
Devices and Methods of Measurements.

2020, vol. 11, no. 3, pp. 228-235.

DOI: 10.21122/2220-9506-2020-11-3-228-235

228



IIpubopsr u memoowl usmepenuil
2020.-T. 11, Ne 3. - C. 228-235
V.N. Nesterov, A.R. Li

Devices and Methods of Measurements
2020, vol. 11, no. 3, pp. 228-235
V.N. Nesterov, A.R. Li

YK 681.2.088

IIpuMeHeHNe NPUHIMIIA IBYXKAHAJIBHOCTHU

B U3MEPUTEJbHbIX YCTPOUCTBAX AJIsI KOMIICHCAIUU
BO3MYIIAKINUX BO3ACHCTBUMA HEU3BECTHOM
(pusnyecKou NPUPoOIAbI
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B craree oTMeueHBl MpenMyLIECTBa METOJa MOCTPOSHHS a0COIIOTHO WHBAPHUAHTHBIX M3MEPUTEIBHBIX
npeoOpazoBaresneil s padoThl B yCIOBUAX € BO3MYILAIOIIMME BO3ACHCTBUAMU. OHAKO 3TOT METOJ HE SIB-
JsieTcs yHUBEpcaibHbIM. Ero orpanuuenus oOycioBIE€HBI HEBO3MOXKHOCTBIO «CHMMETPHUYHON» Nepenayn
BCEX BO3MYLIAIOLINX BO3ACHCTBUI B apaiebHble H3MEepUTEIbHbIC KaHaJbl. JJIs TPeoJoIeHus] Ha3BaHHbIX
OrpaHUuEHHUN MpeAsiokeHa 0ojiee MMPOKask TPAKTOBKA NPUHLIMIIA IBYXKaHAIBHOCTHU. Llenbio uccnenoBanms
ABJSUTUCH 0OOCHOBaHME M PEaIM3aLusl METOAa MOCTPOCHUS KBa3UMHBAPUAHTHBIX M3MEPHUTEIBHBIX MPE00-
pasoBareiell 1 CHCTEM, KOTOPBIE COXPAHSIOT CBOU METPOJIOTHUECKUE XAPAKTEPUCTHKH B YCIOBHSIX BHEIIHUX
BO3MYIIEHU HEU3BECTHOW (PU3MUECKON TIPUPOJIBIL.

[Ipencrasnena Teopusi, pa3BUBAIOIIAsl NPUHIUII ABYXKaHAJIbHOCTH A0 MOJHOLEHHOTO TEXHOJIOTHYECKO-
r0 METO/a, BKJIIOYAIOLIETO HEOOXOAUMbIE U JOCTATOUYHBIE YCIOBHS ero (pru3ndeckoil peannzyemoctu. B pabo-
T€ peLIeHbI ABe NPUHIUIHAIbHbIE 3a1a4u. [IepBast n3 HUX 3aKIII04aeTcs B BBISBICHUH PU3HAKOB, OTPAXKAI0-
LIMX CYIIHOCTh TEXHOJIOTHYECKOTO METO/Ia IPUMEHUTENBHO K KOHKPETHBIM CITy4asiM, BTOpasi — B peaslu3alyn
METOIUKH, MO3BOJISIOIIEH 3TH NMPU3HAKK 3P PEKTUBHO NPUMEHUTD Ha ITPAKTHKE.

B mpumepax omnpenenéH KOMIUIEKC TEXHOIOTHYECKUX MEPOIPUATHH U TPYMIl SJIEMEHTOB KBa3HUMH-
BapUaHTHBIX IpeoOpa3oBaTesiel, KOTOpble 00ECNeYNBaIOT KOMIICHCAIMIO JEHCTBYIOMNX Ha HUX BIMSIOLIMX
(haxTOpOB € MPUEMIIEMOM TOYHOCTEIO.

PaccMoTpeHHBII METOR MMEET CyHIeCTBEHHblE NpenmymiecTBa. OH NaéT Hafexkay Ha MpHEMIIEMbIE
Pe3yNbTaThl U3MEPEHUH B YCIIOBHAX, KOIZIAa XapakTep U Aaxke (pU3NYeCKHi NPUHLUMI BIUSIOLINX (aKTOpPOB
AnpUOPH HEU3BECTHHBI.

KiroueBble c¢JI0Ba: TEXHOIOTHYECKHUI METO/Z, KBa3MMHBAPUAHTHOCTH, BO3MYIIAIOLIUC BO3Z[€I710TBH$1,
M3MEPUTEIBHBINA TPEOoOPa30BaATEIb.
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Introduction

The problems of accuracy have been and will
be relevant in measurement theory always regardless
of the place, time and type of measurement. This
explains the huge number of articles and their number
has been increasing steadily growing as humanity
expands its area of interests. The exploration of the
nearest outer space and in the future deep space,
oceans, technologies accompanied by various
unfavorable factors, for example, in nuclear energy
or chemical industry, poses new challenges to the
science of measurements. New applications and
operating conditions of the measuring instruments
in harsh conditions accompanied by various external
and internal disturbances require serious correction
of the results. In order to solve these problems
method of auxiliary measurements, method of
reference signals, method that using tests and others
have been developed [ 1-5]. Their correct application
can significantly reduce the errors of measuring
instruments in abnormal operating conditions.

To solve these problems, methods of auxiliary
measurements, of reference measures, of test
measures and others have been developed. Their
correct application can significantly reduce the errors
of measuring instruments in abnormal operating
conditions. However, each method requires certain
conditions to be met. If these conditions are not met,
then the effectiveness of the method may be reduced.
Moreover, incorrect use of the method can result in
the opposite result.

For example, the method of auxiliary
measurements requires knowledge of the func-
tions of the influence of interfering quantities, the
auxiliary measurements of which allow you to
enter the appropriate correction. But each auxiliary
channel contributes its share to the total error of
the measuring device. The test method requires
additional channels, which receive a measurable
value, functionally associated with exemplary
tests. The methods of invariance theory, which
are designed to compensate for the effect on the
system of external perturbations, stand out in the
theory of measurements. Initially, these methods
were used in the theory of automatic control. But
very soon there appeared papers in which ideas were
expressed on the connection between the theory of
invariance and the theory of stability of measuring
systems [6, 7]. Academician B.N. Petrov formulated
the two-channel principle [7], which was essentially
a necessary condition for compensating external

disturbing influences on measuring devices. The
combination of necessary and sufficient conditions,
which is based on the mentioned principle, makes
it possible to formulate and implement in the
corresponding structures methodical features, which
form the basis of a particular method and are imple-
mented in the corresponding class of invariant
measuring devices [8—11]. The fundamental
difference between the methods of the theory of
invariance and the methods of automatic correction
of errors is such an organization of the structure
of the system that provides compensation for
disturbances inside it with the general instability of
the component elements.

A series of works that consistently develops
the two-channel principle to the structural method,
allowed covering the classes of nonequilibrium
measuring bridges and voltage dividers [12]. The
absolute invariance of the transformation functions
of the parametric transducers with respect to the
instability of the power supply was achieved for
all representatives of the class. Accordingly, the
expression of the error from the instability of the
EMF of the power source is identically equal to zero
for all representatives of the class of two-channel
parametric measuring transducers:

_0F aU,
U, O

| OF U,
U, OE

AF AE= 0,

where F is two-channel transducer conversion
function; U, u U, are conversion functions of the first
and second measuring channels; £ is EMF of power
supply; AE is deviation of power supply EMF from
nominal value.

However, the physical feasibility of the
methodological features [12], which provide
absolute invariance of the transducers with respect
to the effect of influencing factors on all elements
of the devices, is limited by structural or economic
reasons. Sources of errors of measuring devices are
instability and technological variation of parameters
of all elements included in them. But it is not always
possible to provide "symmetry" of the influence of
these elements on measuring channels.

Further analysis of the problem led to an
understanding and a wider interpretation of the two-
channel principle. This made it possible to formulate
methodological features the im-plementation of
which leads to compensation of disturbing actions
on a wider set of elements of the measuring device.
A preliminary analysis of the essence of these
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methodological features allows us to propose the
name of the method.

Technological method for constructing
quasi-invariant measuring transducers

As already noted, the two-channel principle
is a necessary but not sufficient condition for
compensation of external disturbing influences on
measuring devices. Therefore, a formal apparatus
that develops the two-channel principle to the level
of necessary and sufficient conditions the fulfillment
of which due to specific technical or technological
solutions will compensate for the instability of the
device as a whole is the basis of the method, the
name of which was set in the heading of the section.

Formal features that develop the two-channel
principle to a full-fledged technological method,
which includes the necessary and sufficient
conditions for its physical feasibility, can be stated in
the form of the following three points.

1. There should be g elements ¢ > 2 in the system
structure that are affected by disturbing factors C;.

2.1t should be possible to implement special
technological measures leading to the "differential-
symmetric" effect of disturbing factors on the
parameters of the elements included in the system:

akal8)  aralt))
kiro kio

-0, r#l; r,leq, ()

where Ak,-r(C j) ’Ak,-,(f;,v) are deviations of the k-th
parameter, respectively, of the -th and /-th elements
of the i-th conversion channel from the nominal
values under the influence of disturbing factors ;.

3. The following criterion must be met:

L OF 9y,
o =1 0Y; akii((:j)

where: F is resulting system conversion function; Y,
is conversion function of i-th channel; »n is number
of channels.

In the limit case if the expressions (1) turn
into an identity then the criterion (2) reaches a zero
extremum. Then we can talk about achieving absolute
invariance of the system relative to disturbing
factors. However, such a case is ideal. Therefore,
the fundamental task is the methodological task of
searching for paired elements and the corresponding
technological measures that lead to the closest

AF = Ay(C)—> 0. @

possible fulfillment of criterion (2) in each specific
case. In essence, we are talking about identifying the
technological "know-how" for each pair (group) of
elements that make up the measuring circuit.

Based on the above the problem to be solved is
divided into two. The first task is to identify signs
that reflect the principle essence of the technological
method in a specific case. The second task is to
implement a technique that allows these signs to be
effectively applied in practice.

The technique for identifying technological
"know-how" is based on the use of criterion (2).
Since the left part of the criterion is an expression of
error the source of which is the effect of perturbing
factors on the elements, then equating it to zero
and carrying out the necessary transformations it is
possible to find in analytical form the conditions for
minimizing the this error:

Akir(Cj) _ Akil(c’j)
kiro ko

The latter will determine technological
conditions, the physical essence and feasibility
of which in each particular case depends on the
physics of influencing factors and the structural and
technological design of the device and its elements.

It should be emphasized that the fundamental
issue for the implementation of the method is the
possibility of identifying one or more groups of
technologically similar (identical) elements in the
device, where the number of elements in the group
meets the requirement g > 2.

We emphasize that the fundamental issue for the
implementation of the method is the possibility of
identifying one or more groups of technologically
similar (identical) elements in the device, where
the number of elements in the group meets the
requirement g > 2.

3)

, r#l; rleq.

The implementation of the technological
method

Let's consider the operation of the method
using the example of a half-bridge two-channel
transducer [13], which is shown in Figure 1. This
transducer contains two differentially included
primary converters 1 and 2 of the resistive type, the
third converter 3, made in the form of a resistor, a
power supply 4, differential amplifiers 5, 6 and 7 and
a division unit 8.
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Figure 1 — Half-bridge invariant measuring transducer: 1,
2 — sensors; 3 — resistor; 4 — source of power; 5, 6, 7 —
differential amplifiers; 8§ — division block

The signals at the outputs of differential
amplifiers 5 and 6 are determined by the expressions:

klE[(z1 +Az)+z3] .
[(zl +Az)+(22 —AZ)+Z3]’

U, = “4)

_ sz[(z1 +Az)+(z2 —Az)]
[(zl +Az)+(zz—Az)+z3]’

2 ®)
where k;, u k, are transmission coefficients for
voltage of differential amplifiers 5 and 6, re-
spectively; (z; +Az) and (z; —Az) are parameter
values of transducers 1 and 2; (z, and z, are initial
parameter values, and Az is informative increment of
parameters); z; is converter parameter value 3; E is
EMF of power supply 4.

Signals (4) and (5) are supplied to direct
and inverting inputs of differential amplifier 7,

(o) o]

respectively. And we get a difference signal at its
output, when the condition k, = k, = k is met:

KE[2 (2 - A2)] ©)

[z +82) (2, = ac)+ 2]

U -U, =

Next, the signals (5) and (6) are processed by the
division unit 8. When the condition z;, =z, =z; =z

is met we obtain at its output:

u-U, Az
F=—1-—"2=— (7)
U, 2z

Using (4), (5) and (7), we obtain:
__ 0F, dU, oF, JU,
oU, oE oU, OE

1

Thus, this transducer provides absolute invariance
with respect to the power supply EMF instability.
However, the instability of the parameters of the
remaining elements is the source of additional errors.

Based on the proposed procedure we can
identify groups of technologically similar
elements in the measuring transducer. These
groups comprise converters 1-3 and differential
amplifiers 5 and 6.

We will be writing an appropriately structured
expression of the error from the action of influencing
factors on these groups of elements in accordance
with criterion (2):

_ Ak Ak
o ] 8
. (2, +4z), (2, - Az), I:A(21+Az)_A<Zz—AZ) .
[(Zl+AZ)0+(22_AZ)0+Z30][(21+AZ>0+230] (ZI+AZ)0 (Z2_AZ)0
(Zz_AZ)OZw[Z(Zf"AZ) +(22_AZ)0+Z30] ®)

I:(Zl+AZ)0+(Z2—AZ)0+Z30]|:(ZI+AZ>O+Z30:||:(ZI+AZ)O+(22—AZ)O:|
x-ﬂ— A<Zz _AZ)]+ <Zl +AZ)0 230 o

o (2=da), | [(z+42), +(z, - A2), + 23 |[ (5 +A2), + (2, — A2), |

Az, Az +42)
e <zl+Az>0] o0
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Az, +Az) Az, - Az)
(zI + Az)(J ’ (22 —Az)

Ak,
Ky

Ak,

ko

3

> >

o %30

where are relative

changes, respectively, of the parameters of elements
1, 2, 3 and the transmission coefficients of differential
amplifiers 5 and 6 under the action of influencing
factors.

The error expression (8) will tend to zero with
the "differential-symmetric" effect of destabilizing
factors on the parameters of the corresponding
groups of elements:

Ak, Ak, ) A(Zl-i-AZ) A(zz—Az) .
{E_K}_)O, {(21+Az)0_ (Zz_m)o}ﬁo’

)
ﬂ_A(zz—Az) o ﬂ_A(ZI+AZ) R
{230 (ZZ_AZ)O} " {230 (21+Az)o} "

From expression (9) we obtain the conditions for
compensating the influence of destabilizing factors
on the corresponding groups of transducer elements:
Alzy+Az) Az, -Az) Az

(z1 +Az)0 - (z2 —Az)o

3

(10)

230

The analysis of conditions (10) allows us to
determine the complex of technological measures
relating to the corresponding groups of elements
of the considered converter, which will provide
compensation for disturbing factors acting on them
with an accuracy of:

The analysis of the conditions (10) allows
us to determine a set of technological measures
relating to the corresponding groups of elements
of the transducer considered, which will provide
compensation for the disturbing factors acting on
them with an accuracy up to €:

1. The elements in the group must be
technologically identical. For example, they must
be made of the same material, made of identical
components, taken from the same batch, etc.

2. Elements of the group must be in identical
conditions with respect to any disturbing influences.

3. The active elements in the group should be of
the same brand, preferably from the same batch and,
if possible, have a common power source.

If the listed requirements are fully fulfilled
it is possible to approach the fulfillment of the
conditions (10). And, accordingly, additional error
of the transducer, the model of which is represented
by the expression (8), will be reduced.

Expression (8) does not take into account the
contribution of differential amplifier 7. Taking
into account the transmission coefficient of the
differential amplifier 7 after similar transformations
we can (10) supplement with the condition:

My _ Ak, _ Ak

k, k k,

0 0 0

Operational amplifiers have very high input
impedance that tends to infinity. There-fore, the
transmission coefficients of differential amplifiers
based on them are determined by the parameters of
the mounted resistors. Accordingly, their instability
depends on the instability of the parameters of the
mounted resistors.

By revealing the technical content of the
differential amplifier 7, which is shown in Figure 2,
we detect a group of similar resistors 9—12, which
determine its conversion function.

10 |
Ul |9 |
D>
11 |
| |
17 _2_ 1 Hgls
U2
(o,

Figure 2 — Differential amplifier as part of the measuring
transducer (see Figure 1): 9-12 — resistors of one type

The output voltage of differential amplifier 7 is
determined by the expression:

(H j

where Rqy, R, R,,, R, are resistance of the resistors
9-12, accordingly.

Obviously, when the condition Ry = R,, = R, =
= R, is met, the expression (11) takes the form:

RlO
1
Ry + R,

Rl2

R

UZ&’
Ry,

U, = (11)

11

U, =U,-U,,

which is required in accordance with the algorithm
of the circuit.

It can be seen from (11) that the instability of this
differential amplifier is determined by the instability
of the resistances: Ry, R, R, R,. The expression
of the error resulting from the instability of these
resistances is as follows:
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R9R10 R12

Rio

R PR
Ry + Ryo

R R

it

U U» .
Rll ( J[ :|

In accordance with criterion (2) from
expression (12), the need for a '"differential-
symmetric" effect of destabilizing factors on the
parameters of the corresponding groups of resistors
is revealed Ry, Ry and R, R,:

} — 0.

Dl

Then from (13) we obtain the conditions for
compensating the influence of destabilizing factors
on the differential amplifier:

ARlO :AR‘) . ARIZ _ARII
R, R R,

12 11

ARy _ ARy
R, R

AR, _ AR,
R,

>

(13)

10 9 Rll

(14)

Rl2

10 9

Conditions (14) are
technological measures:

—resistors Ry, R,, and R,,, R,, constituting
paired groups must be technologically identical,
made of the same material and on the basis of identical
components, and taken from the same batch, etc.;

—resistors Ry, R, and R;;, R, constituting
paired groups must be in identical conditions with
respect to any disturbing influences.

Obviously, the same requirements are true for
differential amplifiers 5 and 6.

implemented due to

Conclusion

The presented method allows one to create
circuits from unstable components that have minimal
sensitivity to disturbances in harsh operating
conditions. This is especially important for conditions
in which the nature of these disturbances is unknown
in advance.

The specific technology for bringing the devices
to the most stringent fulfillment of the conditions
of invariance is ensured both at the level of design
of the device and at the level of technology for its
manufacture. This essentially constitutes "know-
how" on a case-by-case basis.

The method discussed has a significant
advantage. This method not only improves the
accuracy of measuring devices in abnormal

— |1+ —=
(R9 +R10)2[ R,

operating conditions, but gives hope for acceptable
measurement results in conditions where the nature
and even physical principles of influencing factors
are unknown. We are talking about applications in
deep space and the depths of the oceans. The method
is also relevant for use in nuclear power plants, where
in case of emergency situations, change sudden s in
operating conditions are possible.

In conclusion, we note that the use of
certain methods of increasing accuracy should be
accompanied by a correct metrological analysis
confirming the correctness and effectiveness of the
measures applied. Otherwise, the result of applying
the method may not meet expectations and even lead
to the opposite result.
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