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TRANSFORMATION CHARACTERISTICS OF MEASUREMENT SYSTEMS USING A
DATA TABLE WITH AN ALGORITHMIC CORRECTION METHOD

Vagif Abbasov!, Mahabbat Khudaverdiyeva? and Kamran Aliyev?
123 Azerbaijan State Oil and Industry University, Azadlig street, Baku AZ1010, Azerbaijan

Abstract. Reducing the errors of measurement channels of measuring systems requires the
use of a priori information, mathematical models and transformation characteristics about the
measurement object, the measured quantity and the measurement channel. The conversion
characteristics of measurement channels can be stored in memory in analytical, tabular and
graphical form as part of a specific knowledge base of intelligent information measuring systems.
There are known correction methods based on dividing the conversion characteristics of
measurement channels of measuring systems, specified in analytical form, into discrete pieces and
introducing pre-stored corrections into the measurement result inside each discrete piece. The
issues of automatic correction of the nonlinear transformation characteristic, specified in the form
of a table of input-output data of the measuring channel of measuring systems, have not been
sufficiently developed. Technological, constructive, schematic, structural and structural-
algorithmic methods do not meet the requirements for methods of automatic correction of nonlinear
characteristics without the use of high-precision standard measuring instruments and without
disconnecting the measured value from the input, and even more so without interfering with the
principles of construction and structure of sensors of non-electrical quantities. The purpose of the
article is to study the proposed and developed algorithmic correction method based on the
processing of measurement information, which can be applied to a wide class of transformation
characteristics specified in the form of tables of input-output data, without special requirements for
the degree of their nonlinearity.

Keywords: the measurement system, measurement channel, transformation function,
transformation characteristic, correction, correction factor, multiplicative method

1 Introduction

1.1 Statement of the problem

The automatic correction of the transformation characteristic of the measurement channels of
measurement systems is considered one of the main functions performed in order to reduce

330



measurement errors. The implementation of this function requires the use of apriori information
about the measurement object, the measured quantity, and the measurement channel, mathematical
models, transformation function and characteristics. Correction methods based on dividing the
transformation characteristic of the measurement channels in the analytical form into segments, and
inserting predetermined and stored corrections into the measurement result within each segment
have been proposed and published [1,2,3]. At this time, the number of segments that provide the
required accuracy, the values of their boundaries, and appropriate corrections is also determined by
analytical expressions. The issues of automatic correction of the non- linear transformation
characteristic given in the form of the input-output data table of measurement channels of
measurement systems have not been sufficiently studied.

1.2 Analysis of existing studies and publications

There are technological, constructive, schematic, structural, structural-algorithmic, and
algorithmic methods for automatic correction of the transformation characteristics of the
measurement channels of measurement systems [1-12].Technological, constructive, schematic,
structural, and structural-algorithmic methods do not meet the requirements for automatic correction
methods of the non-linear characteristics of the measurement system (without using high-precision
sampling tools and without separating the measured quantity from the input, and especially without
interfering with the construction principles and structure of sensors of non-electrical quantities [4-
6]. Algorithmic methods based only on the processing of measurement information received from
MS and do not involve the inclusion of additional functional blocks or elements in its structure can
meet the above requirements [1- 3,5,6].

1.3 The purpose of the article

The purpose of the paper is to propose and study an algorithmic correction method based on
the processing of measurement information, which can be applied to a wide range of transformation
characteristic classes given in the form of input-output data tables without the need for special
requirements in the degree of nonlinearity.

2 Multiplicative Method

The transformation characteristic Z = f(X) is divided into segments along the Z ordinate axis.
M, which is the correction factor for each section segment, is determined. By multiplying the digital
output measurement results, which is the direct result of the measured quantity’s interaction with
the input stage of the measurement system (MS), the nonlinear transformation characteristic Z =
f(X) is approximated to the linear characteristic Z*= X in the segment interval. In Fig. 1, the
multiplicatively corrected i-th part of the non-linear transformation characteristic Z = f(X) of the
MS is expressed by the function f(X) ki = f(X)-Mi. where X - the values of the measured quantity to
the input of the MS; Z - digital measurement results obtained at the output in the MS;

Emi — A segment of the corrected non-linear transformation at the boundaries of the interval
of [Zi-1, Zi] showing the maximum deviation values from the linear characteristic (linearization
error); M, — Multiplicative correction coefficient for the non-linear transformation characteristics in

the interval of [Zi-1, Zi].
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Z = f(X)

Xk =|f(X)-M;

Xia X X
Fig. 5. Multiplicative correction of an i-th line segment in non-linear transformation
characteristics

The remaining segments of the non-linear transformation characteristic of the MS are also
corrected according to the presented rule. The non-linear transformation characteristic of the MS
compared to the linear characteristic depends on the value of the correction coefficient. The
measuring channels of the MS are given in an analytical form, and the value of the correction
coefficient (M) is determined from the following condition [1]:

f(Xi1-1) Mi— X1 = X - (X)) M = Emi (1)
or
Zii-Mi— X1 = Xi— Z'M = Emi (2)

If condition (1) is met, the positive and negative values of the maximum deviations of the
corrected parts of the nonlinear transformation characteristic from the linear characteristic at the
boundaries of the section parts are ensured to be equal, and the following expression is obtained for
the calculation of the correction coefficient:

Mi = (Xi+ X1 )(Z1 + Z11) (3)

In these expressions:

Zi-1 and Xi.1 — lower limit values corresponding to the output and input quantities of the i-th
segment of the transformation characteristic;

Zy and X; are the upper limit values corresponding to the output and input quantities of the i-
th segment of the transformation characteristic.

By substituting expression (2) in (1), the following expressions are obtained for the calculation
of the upper limit values of the sections:

Zi=Z1(Xi- Em1)/(Xi-1 + Emr) 4)

Equation (4) can be solved by using the substitution of Z, = f (X) into a one-variable equation
and applying non-linear equation solving methods or iteration methods.

Xi-1 and Ewm, involved in equation (3), are known because the start and end of the operational
range of each MS as well as Emgs (maximum allowable error) are known in advance.

After some mathematical transformations, from the expression (4) by the method of
multiplicative correction, the following expression for Ewm is obtained for calculating the maximum
value of the linearization error in the range of [Z.1, Z].

Emi=0.5[(Zi- Zi1) -Mi— (Xi- Xi1)] (5)
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3 Algorithmic Correction Method using a DATA table

When applying the linearization method using the input-output data table of the MS, the
process of dividing the transformation characteristic into segments is performed by sequentially
selecting a pair of input-output quantities from the table. For this purpose, the first pair (Xia =X,
Z1a = Z1) from a series of input-output quantities (Ni) is accepted as the lower limit value of each
section.

The upper limit value (X1y, Z1y) of the first segment is determined by sequential selection
from the series of subsequent data pairs in the table based on the proposed algorithm.

Thus, when applying the multiplicative linearization method, the second pair of input- output
quantities (X2, Z») and the linearization error are calculated for this part:

Em1=0.5[(Z2- Z1) -M1— (X2- X1)] (6)

Here:

M1 = (X2 + X1)/ (Z2 + Z3) is the multiplicative correction coefficient of the temporary, first
part of the partition.

Then the condition Em1 < Emsg is checked. E mes — is the maximum allowable value of the
linearization error, given in the condition of the problem.

If the condition Em1 < Ewm sg is satisfied, the third pair of data from the table (X3, Z3) is
selected as the upper limit value of the first part, and by calculating M2 and Em2, Em2 < Em BB. IS
checked.

The process of selecting the pair of upper limit values of the first segment from the table in
this manner is continued until EMI > EMBB is taken, and the upper limit value of the first part Xivy
is the data pair before the last taken:

M1 = (Xia+ X1y )/(Z1a+ Z1y) and Ep11=0.5-[(Z1Y - Z1A ) -M11 - (X1Y - X1A)] (7

is calculated. Naturally, in this case, condition Emi < EMg g will be satisfied.

The upper limit value of the first part is considered as the lower limit value of the second part
(X2a = Xy, Z2a = Z1v), and the upper limit values of the second part (X2y and Zov) are determined
by searching for the same rule.

In this case:
M2 = (Xoa + Xov)/(Zoa + Zov )
and
Em22 =0.5-[(Z2Y - Z2A ) -M22 — (X2Y - X2A)] (8)
Here:

M2, — the multiplicative correction factor of the 2nd section;
Xoa and Zoa — a pair of lower boundary values of the 2nd section;
Xov and Zoy are a pair of upper boundary values of the 2nd section fragment.
Thus, the transformation characteristic given in the tabular form of the MS is divided into
parts satisfying the previously given condition and its parameters are determined.
The obtained mathematical expressions can be written in a generalized way for any partition
fragment (K) as follows:
Mkk = (Xka + Xky)/ (Zka + Zky)
and
Emkk = 0.5-[(ZKY - ZKA ) -MKK — (XKY - XKA)] 9)
The scheme of the division algorithm into segments for multiplicative correction of the
transformation characteristic given in the tabular form of the MS is shown in fig. 2 is shown.
In the block diagram of the algorithm:
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block 1 starts;

block 2 — input the number, and values of the data pair given in the form of a table containing
input and output quantities, the given value of the linearization error: n, X(n), Z(n), E gs;

block 3 —the number of the initial pair of input-output values taken from the table as the lower
limit of the first segment | = 1 and J — the serial number of the partition segments.

block 4— assignment of the current input- output value in the table to the lower limit value of
the segment: XA(I) = X(I); ZA(l) = Z(1);

block 5 — increment the number of the current input-output value pair for the purpose of
finding the upper limit value of the current section: Il = I+1;

block 6 — calculation of the multiplicative correction coefficient of the current partition:
MID=(XA(D+ X(ID)/((ZAD)+ Z(11));

block 7 — calculation of the linearization error for the current segment: E(I)=0.5-[(Z(II)-
(Z(A(ID) -MAD-(X(I) - XAM)];

block 8 — comparing the linearization error obtained from the calculation for the current
section segment with the given value that can be omitted: E(1l) < E gg? If this condition is not met,
return to block 5;

block 9 — if the condition E(Il) < E gg is met, the assignment of X(I1) to the upper limit value
of the current section: XY (I1) = X(I1), ZY(Il) = Z(11); block 10 — printing of the pair of the current
value of the EIl and the upper boundary values of

the current section: 11, XY(1); ZY(I);

block 11 — the number of the pair of input- output values taken from the table as the lower
limit value of the next segment by increasing the current value of the Ul corresponding to the upper
limit value of the current section by 1 unit = J+1; block 12 — acceptance of the pair of upper boundary
values of the current partition as the lower boundary value of the next fragment: XA(I)

= XY(I), ZA(l) = ZY(I);

block 13 — checking that all pairs of values given in the form of a table are used: | < n?

block 14 — if not all of the given pair of values have been used, then return to block 4.
Otherwise, the cycle ends.

The mathematical model of the multiplicative correction process of the transformation
characteristic given in the tabular form of the MS is as follows:

Zxi=L(Z2)Z-M (10)

Here:

Li (Z) is a logical function.

The digital measurement result Z obtained at the output of the OP [Z.1, Z] falls into the
interval Li(Z) = 1, otherwise

Li (Z) = 0 takes value.

The functional-structural model of the multiplicative correction process is shown in Fig. 3 is
shown.

Here:

lo (Z) — transmission of the measurement result for carrying out comparison and calculation
operations;

I1 (S: Z)); 1 =1, S — storage of the boundary values of the partition fragments of the nonlinear
characteristic;
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12(Z)), 1s(M)), 17(Zx1) — transmission of boundary values of partition segments for comparison
with the output quantity of MS; transferring the numerical value of the multiplicative correction
coefficient and the corrected measurement result to the corresponding modules;

1 staxe D

|
2.n; X(n): Z(n); Ess

I
|3. I=1,J=1

4. XA =X(D
ZA(T) = Z(D)

[ 1-= |
|
| 6. M(=(XAM+X(D)/ (ZAD)+ZD) ‘
I
| 7. E(1)=0.5'[(Z(D-ZA(X)) - M(D—(X(I) - XA(D)] |

Hs
8. E(J) < Eps?

[o. 1-11
I
10, XY(D) = X(D
ZY(J) =Z(1)

11. XADN.XY(J):
ZAMN.ZY (D). I

‘ 12. T=17J+1 |
|

13. XAQD) =X(D

ZA(D) =Z(D)

‘ 14. I=I+1 |

—
e e

Fig. 6. Transformation characteristics
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Fig. 7. Functional-Structural model of a multiplicative correction

I3 (CR: Z; Z 1) — comparing the output quantity of the MS with the Z; boundary values of the

partitions;
l4 (S: M)); 1 =1, N — storage of the numerical values of the multiplicative coefficients for the

sections of the nonlinear characteristic;
ls (C: My; Z) — performing the multiplication operation between the multiplicative M

coefficients and the measurement result Z;
Zxi — the corrected value of the measurement result;
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ls (R: Zx1) — a digital indication of the corrected value of the measurement result in the MS.

5Conclusions

In the article, the proposed algorithmic correction method, which is based on the processing
of digital measurement results, solves the problems of automatic correction without placing special
restrictions on the degree of nonlinearity, and of deviation from the linear characteristic of the
nonlinear transformation characteristic given in the form of the input-output data table of the
measuring channels in the measurement system.

At the same time, with the application of the multiplicative correction method, an important
issue such as the distribution of computing resources among the functional blocks of the information
measurement and control systems is solved.
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YIAYUIMIEHUE U3MEPEHUSA BA3ZKOCTU PACTBOPUMBIX U XKUJAKUX
HPOAYKTOB

Jpramesa Kamosa HacpupanHoBHa
JOKTapaHT KaeIpbl aBTOMATH3ALMU [IPOU3BOACTBEHHBIX NPOLecCOB TalIKEHTCKOTO rOCYIapCTBEHHOTO
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