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Abstract

There are technological, constructive, circuit, structural, structural-algorithmic and algorithmic methods of
linearizing the MS transformation characteristic [1,2,3,4]. Only algorithmic methods based on the
processing of measurement information obtained from the measuring system (MS) can meet the requirements
for linearization requirements, such as eliminating the need for using high-precision model measures and
not involving the measured value from the input of the MS and interference in the structure and principles of
their construction. Known algorithmic linearization methods require reproduction of a non-linear function,
an inverse of the MS transformation function, or a non-linear correction function. The article considers the
proposed methods of linearization excluding the need to reproduce nonlinear functions that differ in their
applicability to a wide class of nonlinear characteristics, without limiting the degree of their nonlinearity,
which are based on the introduction of analytically determined and memorized microprocessor numerical
corrections into the measurement result for each section of the fragmentation of the MS transformation
characteristic. Depending on the carried out computational operations, these methods are called “additive”
(summation or subtraction), “multiplicative” (multiplication), “additive-multiplicative” (summation and

multiplication within one section), “combined. (in some sections multiplication, and in others-summation).
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1. Introduction
Problem statement

Measuring instruments designed to work as part of
information measuring systems or with digital
measuring instruments lead to increased demands
with regard to the linearity of their transformation
characteristics. This is due to the fact that the non-
linearity of the transformation characteristic of
measuring instruments leads to the appearance and
accumulation of additional errors in further linear
transformations, complicates the algorithm for
determining and representing the value of the input
quantity in units of its measurement.

The problem of linearization concludes in
reducing the nonlinear part to such a value that, with
an admissible error, the transformation characteristic
of the measurement systems (MS) could be
represented as a linear function.

In order to combine linearization operations and
represent the result of digital measurement of the
input quantity in its measurement units, it is
necessary to approximate the MS transformation
characteristic to a linear characteristic with a
coefficient equal to unit, for example, z = x.

Analysis of recent research and publications

There are technological, constructive, circuit,
structural, structural-algorithmic and algorithmic
methods of linearizing the MS transformation
characteristic [1,2,3,4].

Technological, constructive, circuit, structural
and structural-algorithmic methods do not meet the
requirements for linearization of nonlinear
characteristics of MS without the need for using
high-precision model measures and disconnecting
the measured quantity from the input and
interference in the structure and principles of MS
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construction, especially with sensors of non-
electrical quantities [1,2,3].
Only algorithmic methods based on the

processing of measurement information obtained
from the MS and not involving the introduction of
additional functional blocks or elements into its
structure can meet the  abovementioned
requirements.

Formulating the purpose of the article

The purpose of the article is to propose algorithmic
methods of linearization, based on the processing of
measurement information, characterized by their
applicability to a wide class of nonlinear
transformation characteristics, without limiting their
degree of nonlinearity.

2. Statement of the main material

The introduction of microprocessors in the structure
of measuring devices increases the possibility of
using algorithmic methods to improve their
metrological characteristics and expand their
functional capabilities.

One of the most common algorithmic methods of
linearizing the nonlinear characteristic of the MS
transformation Z = F(X) is the method of the
reciprocal nonlinear transformation. The basis of this
method is the following relation:

F-1(Z)=F-1[F(X)]=X )

Here, X is the measured quantity; F(X) is
nonlinear characteristic of the measuring instrument
transformation; F' (Z) is the inverse nonlinear
transformation of the output value of the MS.

As it is seen from equation (1), the application of this
method involves performing a nonlinear transformation
operation over the output value of the MS [4].

Another algorithmic method of linearization is
based on the introduction of the nonlinear correction
function AZ (X) = F(X)-X, obtained as the
difference between the nonlinear Z = F(X) and the
desired linear function of the transformation Z* = X
to the output quantity of the MS:

F(X)-AZ (X) =F (X) - [F (X) -X]=X )

As it is seen from equations (1) and (2), the
known algorithmic methods of linearization require
the reproduction of a non-linear function, the inverse

of the MS transformation function or the non-linear
difference function. In addition, the implementation
of the second method is much more complicated in
cases of intersection of the nonlinear and desired
linear characteristics due to the difference in signs of
the difference function before and after the
intersection point.

The article considers the proposed methods of
linearization, eliminating the need for reproducing
non-linear functions, which are based on the
introduction of the analytically determined and
memorized measurement result into microprocessor
of the numerical corrections for each section of the
MS fragmentation characteristic.

The essence of these methods of linearization is
as follows.

The nonlinear characteristic of the transformation
of MS Z = f(X) is divided into sections according to
the method developed by the author, for which the
numerical values of the corrections (P;) are
determined analytically by taking into account the
deviations of the nonlinear and desired linear
characteristics (Z'=X) at the boundaries of the
fragmentation sections (Z;), which are introduced
into the measurement result of the MS (Fig. 1).

Depending on the computational operations
carried out to introduce the result measurement of
corrections, these methods are called ‘“additive”
(summation or subtraction), “multiplicative”
(multiplication), “additive-multiplicative”
(multiplication and summation within one section),
“combined” (in some sections multiplication, and in
others - summation).

Being adjusted for various methods of linearization,
the sections of the nonlinear characteristic of the MS
take the types shown in Fig. 1.

A is the section of the nonlinear characteristic
after correction by the additive linearization method
obtained by subtracting from the output value of the
MS of the correction, A; is a constant value within
the i™ section of the fragmentation:

7t =Z-A;

Zx" is the output value of the MS adjusted by the
additive method.

M is the section of the nonlinear characteristic
after correction by the multiplicative method
linearization obtained by multiplying the output
value of the MS by a constant M; of the i section of

the fragmentation:
ZM=7-M;
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Fig.1. Geometric interpretation of linearization methods

Z™ is the output value of the MS adjusted for
the multiplicative method. A-M is the non-linear
characteristic section after the correction by the
additive-multiplicative method of linearization,
obtained by multiplying the output value of the MS
by the coefficient C;, and then subtracting the
correction D; from the multiplication result within
the i section of the fragmentation:

zZ*M=27-M-D;

Z™™ is adjusted by the additive-multiplicative
method of output value of MS; € is the maximum value
of the deviations at the boundaries of the fragmentation
sections of the adjusted part of the nonlinear
characteristic from the linear characteristic.

The generalized mathematical model of the
linearization process has the following form:

Zx = o (Z2)1(CP:11;; Z)

; (Z) is a logical function: if the condition is Z
€ [Zi1; Zi], ex(Z) = 1, then o (Z) = 0

P; is the correction introduced into the output
value of the measuring system within the i" section
of fragmentation characteristics.

I(CP: II; ; Z) indicates the implementation of
computational operations between the correction P;
and the output value Z of the measuring system in
accordance with the linearization method being
implemented.

Zx is the output value of the measuring system
after the correction.

Fig. 2 shows a generalized scheme of the
functional-structural implementation model methods
of linearizing the nonlinear characteristics of the
measuring system by introducing numerical
corrections into the measurement results.
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Fig. 2. Functional-structural implementation model
methods of linearization by introducing numerical corrections
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1 — Determining the number (i) of the section of
the fragmentation characteristic to the limits of
which corresponds to the output value of the
measuring system, Z € [ Z;.1; Zi]

2 — Storing corrections (Pi) for introduction into
the output value of the measuring system within the
i"™ section.

3 — Carrying out a computational operation
between the correction P; and the output value Z of
the measuring system in accordance with the
linearization method being implemented.

4 — Storing Z; values corresponding to the
boundaries of the fragmenting the non-linear
characteristic of the  measuring system
transformation into sections.

3. Conclusion

The proposed algorithmic methods of linearization
by introducing numerical corrections into the
measurement results exclude the need for
reproducing nonlinear functions and have no
limitation on their form and the degree of their
nonlinearity, and also eliminates the operations for
subtracting the initial values of the output quantity
of the MS.

The application of these methods also allows
solving the problem of distributing computational
resources between the functional blocks of
information-measuring and control systems.
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microprocessor’s memory. When the condition Z; ; <
Z < Z; is carried out, the logic function becomes
equal to wunit, ®(Z)=1, which the
determination of the area number within the range of
the value of the measured quantity. After that, the
correction P; corresponding to this section number of
the fragmentation is selected from the memory of
the  microprocessor. By  implementing a
computational operation between the correction P;
and the output value Z of the measuring system, in
accordance with the linearization method being
implemented, the adjusted value Zg is obtained.
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IcHYIOTH TEXHOJIOT1UHI, KOHCTPYKTHBHI, CXEMHi, CTPYKTYpHi, CTPYKTypHO-aJTOPUTMIiYHI Ta aJropuUTMiuHi
METO/T! JTIHeapHu3allil XapaKTEpUCTHUKHU MTEPeTBOPEHHs 3aco0iB BuMiproBaHHs [1,2,3,4]. TinbKu anropuTMivHi
croco0u, 3acHOBaHI Ha 00pOOKY BUMIpIOBaIBHOI iH(pOpMAITii, OTpUMaHOI Bix BuMiproBainbHOi cuctemu (BC),
MOXKYTh BIJIIOBIZaTH MPOIMOHOBAaHUM JIO CIIOCOOIB JIiHeapu3aiii BHUMOTraM, SK BHHSATOK HEOOXiIHOCTI
BHUKOPUCTAaHHS BHCOKOTOYHHX 3pa3KOBHX Mip 1 BIIKIIOYECHHS BUMIipIOBaHO! BenuuuHH Bif Bxony BC i
BTPYYaHHS B CTPYKTYPY 1 MPUHITUIH iX MOOymoBU. BimoMi anropuTMidHi CrIocOOH JiHeapw3allii BUMararoTh
BIATBOpEHHS HelNiHiiHOI (yHKIIi, 3B0poTHOT QyHKIIT nepeTBopeHHs: BC a0o HemiHiliHOI (QYHKIIT KOPEKTYE
MOMPAaBKH. Y CTAaTTi pO3IISIAIOTHECS 3alPONIOHOBaHI CIOCOOH JliHeapH3aLlii, 0 BUKIIOYAIOTh HEOOXIAHICTD Y
BIITBOpEHHI HENMiHIMHUX (YHKIH, M0 BigpPi3HSIIOTHCS MPUMEHHMOCTBIO 10 IIHPOKOTO KiIacy HENiHIHMX
XapaKTEepUCTUK 0e3 O0OMEKEHHsS Ha CTYIIHb iX HETIHIHHOCTI, sIKi 3aCHOBaHI Ha BBEICHHI B pPe3yJbTaT
BUMIPIOBAaHHS aHAIITHYHO BU3HAYAIOTHCS 1 3aaM'siTOBYIOTBCS B IaM'siTi MIKpOIIpoIlecopa YHCICHHUX
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KOPHUTYBAJILHUX MOMPABOK JUIsl KOXKHOI JUISHKYA PO30OUTTS XapaKTepucTuky neperBopenHs BC. 3anexHo Bin
BHKOHYBaHHX OOYHCIIOBAIBHUX OIEpaliid Il BBEJICHHS B Pe3yJIbTaT BUMIPIOBaHHS IMOMPABOK IIi CIIOCOOU
Ha3BaHI «aJIUTHBHUI (IIIICYMOBYBaHHS a00 BiTHIMAHHS), «MYJIbTUILIIKATUBHUI» (MHOKEHHS ), «aIUTHBHO-
MYJBTHIUTIKATUBHUIY (ITiICyMOBYBaHHS 1 MHOXCHHS B MEXKaX OJIHI€T AUISTHKH), «<KOMOIHOBaHMI» ( B ACIKHX
IUISHKaX MHOXEHHS, a B 1HIITUX - MiJICYMOBYBaHHS)

KaouoBi cioBa: aauTUBHUMN, aJUTHBHO-MYJIBTUIUTIKATUBHMI, BUMIpIOBaJIbHA CHUCTEMa; 3aco0u
BHMIPIOBaHHS; JliHeapu3ailis, (YHKI[iS TEePETBOPCHHS, KOPHUTYBaJbHA IONpPaBKa, MYJbTUILUTIKATUBHUNL;
KOMOIHOBaHUH

Ag0acos B. A.

AJTOpUTMHYECKHE CNOCO0bI JIMHEAPHU3ANMH XAPAKTEPHUCTHKH NpPeo0pa3oBaHMsl H3MeEPUTENbHBIX
cucremM

Aszepbaiimkanckuii [ocynapcreennsiii YauBepeuter Hedtu u [Ipombimennocty, np. Azamieir, 20, baky,
AszepOaiimkan, AZ- 1010

E-mail: vaqif abbas@mail.ru

Cy11ecTBYIOT TEXHOJIOTHYECKHE, KOHCTPYKTUBHBIE, CXEMHBIE, CTPYKTYPHBIE, CTPYKTYpPHO-aITOPUTMHUUECKHE
U aNrOpUTMUYECKUE METOABl JIMHEAPU3ALUH XapaKTEPUCTHKH MpeoOpa3oBaHMs CPEACTB H3MEPEHUs
[1,2,3,4]. TonpKko anTOPUTMHYECKHE CIIOCOOBI, OCHOBAaHHBIE Ha 00pabOTKY M3MEPUTEIbHONU WH(MOPMAIIHH,
noiydyeHHOW oOT wu3MeputensHoi cucteMsl (MC), Moryr orBedaTh  HpeABSBIAEMBIM K crocobam
JAVHeapu3aluu TpeOOBaHUAM, KakK HCKIIOYCHHE HEOOXOIMMOCTH HCIIOJB30BAHUS  BBICOKOTOYHBIX
00pa3LoBbIX MEp U OTKIIOYEHHs H3MepseMoil BennuuHbl OT Bxoaa MC u BMeIaTenscTBa B CTPYKTYpY H
OPUHIMIBI WX TIOCTpOEHHs. lI3BeCTHhIE aNTOPUTMHYECKHE CIIOCOOBI  JIMHEApU3alu  TPeOyIoT
BOCTIPOM3BEACHUS HEJWHEWHOW (YyHKUUHM, oOpaTHOM ¢yHKkumu mnpeobOpazoBanus MC wnnm HemmMHEHHON
(YHKUMM  KOppEKTHpYIOLIed MompaBKu. B cratbe paccMaTpuBalOTCS MPEIUIOKEHHBIE  CIIOCOOBI
JWHEapu3alii, HWCKIIOYAIe HEe00XOAUMOCT, B BOCIPOU3BEACHHUHM  HEJIMHEHHBIX  (QyHKIHH,
OTJIMYAIONINECs MPUMEHUMOCTBIO K IIMPOKOMY KIJIACCY HENMHEHHBIX XapakTePHCTHUK Oe3 OrpaHuyueHHs Ha
CTENEHb MX HEIMHEHHOCTH, KOTOpBIE OCHOBAaHBI Ha BBEJCHHM B PE3yJIbTaT HU3MEPEHUS AHAIUTHYECKU
OIIpEAEIAEMBIX U 3alIOMUHAEMBIX B ITAMSTH MUKPOIIPOLECCOPA YUCIEHHBIX KOPPEKTHPYIOIUX MONPABOK IS
KaXIO0ro y4yacTka pa30MeHHs XapakTepuCTHKH mnpeoOpazoBanus VMC. B 3aBHCHMMOCTH OT BBINONHAEMBIX
BBIYUCIUTEIBHBIX ONEpaldil IS BBENEHHUS B PE3yJbTaT HM3MEPEHHUs] IMONPAaBOK 3TH CHOCOOBI Ha3BaHBI
«aIIUTUBHBIH» (CyMMHMPOBAaHHE WM BBIUUTAHUE), «MYJbTUIUIMKATUBHBINY) (YMHOXKEHHE), «aIIAUTHBHO-
MYJIbTUIUIMKATUBHBIN» (CyMMHPOBaHNE M YMHOXXEHHE B Mpejesax OJHOIO y4acTKa), «<KOMOMHUPOBAHHBII
(B HEKOTOPBIX yUacTKax YMHOKEHHE, a B JPYTUX — CYMMHPOBaHHE).

KiroueBble  ciioBa:  aJIMTUBHBIN;,  aIJIWTHBHO-MYJbTUIUIMKATHBHBIM;, H3MEpUTENbHAs  CHUCTEMA;
KOMOWHHMPOBaHHBIM; KOPPEKTUpYIOIIAs TOMpaBKa; JIMHEapH3aUus; MYJIbTUIUIMKATHUBHBIN, CpencTBa
n3MepeHust; QyHKIUS IpeoOpa3oBaHus
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