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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHODS FOR CALCULATING THE MAIN STATIC PERFORMANCE
INDICATORS OF TRANSDUCERS AND TRANSMITTERS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 62967, which is a technical report, has been prepared by subcommittee 65B:
Measurement and control devices of IEC technical committee 65: Industrial-process
measurement, control and automation.

The text of this International Standard is based on the following documents:

Enquiry draft Report on voting
65B/961/DTR 65B/1016/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

Documents

Document Sharing Hub

Full document details: PD IEC TR 62967:2018


http://www.avadocuments.com/doc/pd-iec-tr-62967-2018
http://www.avadocuments.com/doc/pd-iec-tr-62967-2018

IEC TR 62967:2018 © IEC 2018 -7 -
This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

This technical report provides a comprehensive illustration of the methods for calculating the
main static performance indicators of transducers, transmitters and similar measuring devices.
First of all, in order to avoid any misunderstanding, we would like to review the commonly-
accepted definition of transducers and transmitters. Generally speaking, in a measurement
field, a transducer is a measuring device which converts the non-electrical quantity to be
measured into corresponding electrical quantity, while a transmitter is a kind of transducer
which is required to provide a previously-given linear output.

The common-in-use standards [01]-[06]7 listed in the relevant documents to be considered in
this report, are useful in evaluating the main static performance indicators of measuring
instruments and other similar devices. But the relevant descriptions of calculation methods in
standards [01]-[05] are not complete and adequate in many ways. This fact was clearly stated
in the Introduction of IEC 61298 [03].

On the whole, these publications [01]-[05] mainly contain relevant technical terms and
definitions. Since in essence, they are not standards which are dedicated solely to the
calculation of performance indicators, so they contain no or only very simple and inadequate
illustrations of the calculation methods. Moreover, as these contents have existed for about
tens of years, probably now is the time to make an all-round revision and improvement of
them. Since there are many static performance indicators that should be calculated and the
calculation methods can form a rather complete system. So it is better to create a separate
report or a separate standard.

For the main static performance indicators, the existing relevant IEC standards have only
theoretical definitions, but have no specific calculation methods. This does not mean that
these methods are too simple to mention. But on the contrary, some of them are too difficult
to be used in industry. Therefore, this report puts forward, improves and simplifies the existing
relevant calculation methods, may probably serve as a good basis on which to create a new
calculation-oriented IEC standard.

The report is intended for use by manufacturers to work out their factory-level test standards,
by users to make rigorous acceptance tests and wise applications, and by authorized
metrological establishments to verify the measuring device performance indicators of the
manufacturers or of the users.

1 Numbers in square brackets refer to the Bibliography. Documents
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METHODS FOR CALCULATING THE MAIN STATIC PERFORMANCE
INDICATORS OF TRANSDUCERS AND TRANSMITTERS

1 Scope

This Technical Report provides guidance on the assurance of reliability data of automation
devices. If the source of this data is calculation, guidance is given on how to specify the
methods used for this calculation. If the source is through observations, guidance is given on
how to describe these observations and their evaluations. If the source is the outcome of
laboratory tests, guidance is given on how to specify these tests and the conditions under
which they have been carried out.

This document defines the form to present the data.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60050-300, International Electrotechnical Vocabulary — Electrical and electronic
measurements and measuring instruments

Part 311: General terms relating to measurements
Part 312: General terms relating to electrical measurements
Part 313: Types of electrical measuring instruments

Part 314: Specific terms according to the type of instrument

IEC 60050-351|, International Electrotechnical Vocabulary — Part 351: Control technology

IEC 60770-1:1999 Transmitters for Use in Industrial-process Control Systems — Part 1:
Methods for Performance Evaluation

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-300,
IEC 60050-351 and JEC 60770-1:1999, as well as the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
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3.1 Basic terms

3.11

static characteristics

relationship of the output of a transducer to its input, when the measurand is at the state of
stabilization or very slow variation

Note 1 to entry: There are many performance indicators under the title of static characteristics.

Note 2 to entry: Static performance indicators are applicable only under a given interval of temperature.

3.1.2
static calibration
process in which the static characteristics are obtained under given static conditions

3.1.3 Input terms

3.1.3.1
lower range-value
lowest value of the measurand

3.1.3.2
upper range-value
highest value of the measurand

3.1.3.3
measuring range
measuring region indicated by the upper and lowr range-values of the measurand

3.1.3.4

span

span, also called the full-span input, is the algebraic difference between the upper and lower
range-values of the measurand.

3.1.4 Output terms

3.1.4.1
zero-range-value output
output when measurand is at its zero range-value

3.1.4.2
lower-range-value output
output when measurand is at its lowest range-value

3.1.43
upper-range-value outpu
output when measurand is at its highest range-value

3.1.4.4

full-span output

algebraic difference between the upper-range-value output and lower-range-value output of a
device as defined by its working characteristics

3.1.5
linearity
closeness to which the output-input curve of a transducer approximates a straight line

Note 1 to entry: There should be no contribution of hysteresis and repeatability to linearity.
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3.1.6
conformity
closeness to which the output-input curve of a transducer approximates a certain curve

Note 1 to entry: There should be no contribution of hysteresis and repeatability to conformity.

3.1.7
reference characteristics
straight line, curve or equation which is used as a reference or a contrast

Note 1 to entry: Under a certain application situation, reference characteristics can be accepted as the true
characteristics of a transducer.

Note 2 to entry: In this Technical report, reference characteristics are mainly used in the calculation of linearities,
conformities, and linearity (conformity) plus hysterresis.

3.1.8
working characteristics
output-input equation or curve, which is adopted as the true characteristics of a transducer

Note 1 to entry: Working Characteristics has taken into consideration the combined contribution of linearity
(conformity), hysteresis and repeatability.

3.1.9
utilization characteristics
relationship of the measurand to the output of a transducer

3.1.10
linear transducer
kind of transducers whose working characteristics are linear

3.1.11
non-linear transducer
kind of transducers whose working characteristics are non-linear

3.2 Static calibration characteristics

3.21

up-travel actual average characteristics

curve connecting all the arithmetic average points of a group of measured data at all the
calibration points in the up-travel

3.2.2

down-travel actual average characteristics

curve connecting all the arithmetic average points of a group of measured data at all the
calibration points in the down-travel

3.2.3

up-travel and down-travel actual average characteristics

curve connecting all the arithmetic average points of a group of measured data at all the
calibration points in the up- and down-travel

Note 1 to entry: It is also called the actual average characteristics (or curve) of a transducer.
3.3 Definitions of static performance indicators

3.3.1
resolution
smallest change in input that can cause observable change in output in the whole input span
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3.3.2
sensitivity
ratio of output change to its corresponding input change

3.3.3

hysteresis

for the same input and in the whole input span, difference between the values of the down-
travel actual average characteristics and the up-travel actual average characteristics

3.34

repeatability

for a short time interval and in the same working condition, degree of scatterance of a group
of readings obtained when the input is approaching the same measuring point in the same
direction for a number of test cycles

3.3.5

linearity

maximum deviation of the actual average characteristics (curve) from the reference straight
line

Note 1 to entry: Linearity is expressed as a percentage of full-span output.

Note 2 to entry: According to different reference straight lines taken, there are different kinds of linearities, with
the following as the main ones.

Note 3 to entry: When expressed simply as linearity, it is assumed to be independent linearity.

Note 4 to entry: The choice of linearities depends on the application situations of transducers.

3.3.51

absolute linearity

also called theoretical linearity, it is calculated from the reference straight line or theoretical
straight line that can be specified before the calibration test is made

Note 1 to entry: Absolute linearity actually shows the linearity accuracy of a transducer and is quite different from
all the linearities that follow.

Note 2 to entry: Absolute linearity is exclusively used in transmitter applications.

3.3.5.2

terminal-based linearity

linearity calculated from the terminal-based straight line that is taken as the reference straight
line

Note 1 to entry: Terminal-based straight line coincides with the actual average characteristics (curve) at its upper
and lower limits.

Note 2 to entry: Terminal-based Linearity is easy to calculate, but its value is rather conserved.

3.3.5.3

shifted terminal-based linearity

linearity calculated from the shifted terminal-based straight line that is taken as the reference
straight line

Note 1 to entry: The shifted terminal-based straight line has the same slope as the terminal-based straight line
and can minimize its maximum deviation from the actual average characteristics (curve) by parallel shifting.

Note 2 to entry: If the device under test has a C-shaped actual average characteristics (curve), the shifted
terminal-based straight line will become the best straight line, or best line in short.

3.3.5.4

zero-based linearity

linearity calculated from the zero-based straight line that is taken as the refere straight

line Doctliments
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Note 1 to entry: Zero-based straight line goes through the theoretical zero point and can minimize its maximum
deviation from the actual average characteristics (curve) by changing its slope.

Note 2 to entry: Sometimes zero-based straight line is also called the forced zero-intersecting best straight line.

3.3.5.5

front-terminal-based linearity

linearity calculated from the front-terminal-based straight line that is taken as the reference
straight line

Note 1 to entry: The front-terminal-based straight line goes through the front end of the actual average
characteristics (curve) and can minimize its maximum deviation from the actual average characteristics (curve) by
changing its slope.

Note 2 to entry: Sometimes and in some references, the front-terminal-based straight line is also called the zero-
based straight line.

3.3.5.6
independent linearity
linearity calculated from the best straight line that is taken as the reference straight line

Note 1 to entry: The best straight line is a straight-line midway between the two parallel straight lines closest
together and enclosing the actual average characteristics (curve).

Note 2 to entry: The best straight line can minimize its maximum deviation from the actual average characteristics
(curve).

3.3.5.7

least-squares linearity

linearity calculated from the least-squares straight line which is adopted as the reference
straight line

Note 1 to entry: The least-squares straight line can guarantee that, the sum of the squares of the deviations of
the actual average characteristics (curve) from it, is @ minimum.

3.3.6
conformity
maximum deviation of the actual average characteristics (curve) from the reference curve

Note 1 to entry: Conformity is expressed as a percentage of full-span output.

Note 2 to entry: According to different reference curves taken, there are different kinds of conformities, with the
following as the main ones.

Note 3 to entry: The reference curve is usually in the form of an algebraic polynomial of a certain degree.
Note 4 to entry: When expressed simply as conformity, it is assumed to be independent conformity.

Note 5 to entry: The choice of conformities depends on the application situations of transducers.

3.3.7

absolute conformity

also called theoretical conformity, it is calculated from the reference curve or theoretical curve
that can be specified before the calibration test is made

Note 1 to entry: Absolute conformity actually shows the conformity accuracy of a transducer and is quite different
from all the conformities that follow.

Note 2 to entry: The reference curve should be specified according to the application requirement of the
transducer.

3.3.71
terminal-based conformity
conformity calculated from the terminal-based curve that is taken as the reference curve

Note 1 to entry: Terminal-based curve coincides with the actual average characteristics (curve) at r
lower limits and can minimize its maximum deviation from the actual average characteristics (cuive). Dﬁniﬁents
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3.3.7.2
zero-based conformity
conformity calculated from the zero-based curve that is taken as the reference curve

Note 1 to entry: Zero-based curve goes through the theoretical zero point and can minimize its maximum
deviation from the actual average characteristics (curve).

Note 2 to entry: Sometimes Zero-based curve is also called the forced zero-intersecting best curve.

3.3.7.3
front terminal-based conformity
linearity calculated from the front terminal-based curve that is taken as the reference curve

Note 1 to entry: The front terminal-based curve goes through the front end of the actual average characteristics
(curve) and can minimize its maximum deviation from the actual average characteristics (curve).

Note 2 to entry: Sometimes and in some references, the front terminal-based curve is also called the zero-based
curve.

3.3.7.4
independent conformity
conformity calculated from the best curve that is taken as the reference curve

Note 1 to entry: The best curve can minimize its maximum deviation from the actual average characteristics
(curve).

3.3.7.5
least-squares conformity
conformity calculated from the Least-squares curve that is taken as the reference curve

Note 1 to entry: The least-squares curve can guarantee that the sum of the squares of the deviations of the actual
average characteristics (curve) from it is a minimum.

3.3.8
combined linearity (conformity) and hysteresis
extreme value of the systematic error of a transducer

Note 1 to entry: This performance indicator shows the combined contribution, but not the pure addition, of
linearity (conformity) and hysteresis.

3.3.9

uncertainty

result of an evaluation that shows a zone in which the true values of the measurand lie under
specified operating conditions

Note 1 to entry: It is a parameter that can reasonably show the scatterance of the values of the measurand, and
also a parameter connecting with the measurement result.

Note 2 to entry: Uncertainty can more reasonably show the real picture of the total result of a measurement, both
qualitatively and quantitatively.

3.3.10

total uncertainty

combined linearity (conformity), hysteresis and repeatability, also called the primary
uncertainty, that is obtained from the static calibration under specified conditions and
calculated by using specified calculating methods based on the general principle of
measurement uncertainty

Note 1 to entry: In this Technical report, total uncertainty is the result of the combined contribution, but not the
pure addition, of linearity (conformity), hysteresis and repeatability. This performance indicator is also called the
reference accuracy.

3.3.11
zero drift
undesired change in zero-range-value output over a specified period of time
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Note 1 to entry: It is usually expressed as a percentage of full-span output.

3.3.12
drift of upper-range-value output
undesired change in upper-range-value output over a specified period of time

Note 1 to entry: It is usually expressed as a percentage of full-span output.
Note 2 to entry: For load cells sometimes this performance indicator is also called creep.

Note 3 to entry: If the specified period of time is very long, for example, several months or years, this
performance indicator is usually called long-term stability.

3.3.13
thermal zero shift
undesired change in zero-range-value output with environment temperature

Note 1 to entry: It is usually expressed as a percentage of full-span output per unit temperature.

3.3.14
thermal shift of upper-range-value output
undesired change in upper-range-value output with environment temperature

Note 1 to entry: It is usually expressed as a percentage of full-span output per unit temperature.
4 Methods for calculating individual static performance indicators

4.1 Establishment of static calibration characteristics
4.1.1 General requirements for static calibration

The requirement for the environment and the calibration operation will be specified according
to the type and accuracy (uncertainty) degree of the device under calibration by
corresponding products manufacturing standards.

The calibration system should include devices for generating standard inputs, excitation
power supply, measuring instruments. The accuracy (uncertainty) degree of the calibration
system, in general, should be about 3 times higher than that of the device under calibration.
The exact accuracy (uncertainty) degree required will be specified by the relevant factory or
manufacturing standards.

Static calibration should be carried out in the whole span of the measurand. The measuring
points should usually include points at the zero value and the maximum value of the
measurand. Equally-spaced m = 5~11 measuring points, and n = 3~5 calibration cycles, are
desirable. The data obtained from the calibration should contain as few suspect and
unreasonable data points as possible (see Annex E).

Prior to the formal calibration cycle, the device under calibration should be exercised by a
number of full range traverses in each direction. At each measuring point, the input is held
steady until the output becomes stabilized at its desired final value. Tapping or vibrating the
device under calibration is not allowed unless the performance characteristics under study
requires such action.

4.1.2 The calculation of static calibration characteristics

41.21 Up-travel actual average characteristics ( y, ;)

B
Vi :;Zyu,i[
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Where y, ; is the arithmetic average of a group of readings taken at the ith measuring point in

the up-travel and Vi is the jth reading at the ith measuring point in the up-travel (I = 1~m,
j=1~n).

4.1.2.2 Down-travel actual average characteristics (), ;)

_ 1&
Yai = ;Zyd,ij (2)
=

where )751’[ is the arithmetic average of a group of readings taken at the ith measuring point in

the down-travel and Vai is the jth reading at the ith measuring point in the down-travel
(I=1~m,j =1~n).

4.1.2.3 Up- and down-travel actual average characteristics ( ;)

The following formula is used:

_ 1 _ _
Vi :_(yu,i +yd,i)

2 (3)
4.2 Span (xgg)

The following formula is used:

XFsS = Xmax = Xmin (4)

where X5, is the upper range-value of the measurand and x,,;, is the lower range-value of
the measurand.

4.3  Full-span output (YFS)

The following formula is used:

YFS = Ymalx - Ymin (5)

where Y., is the upper-range-value Output as defined by the working characteristics and
Ymin is the lower-range-value Output as defined by the working characteristics.

NOTE 1 Capital Y stands for outputs calculated from the characteristics which is derived from curve fitting (for
example, working characteristics, reference characteristics), and given characteristics (for example, those for
transmitters); while small y stands for the actual outputs (readings).

NOTE 2 In situations where individual performance indicator is calculated, full-span output can be calculated from
the reference characteristics, instead of the working characteristics.

NOTE 3 For devices having linear or C-shaped characteristics, it is also possible to use Y g = Y(x - Y(x

max) min)'

NOTE 4 In some applications where no strict requirement is needed, it is allowed to calculate the full-span output
by the formula (Yeg = Yinax = Yiin)-

4.4 Resolution (Rx)

The following formula is used: Documents
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RX = Max | AXi’ min | (6)

where AX; i is the smallest change in input at the ith measuring point that can cause
observable change in output and Max | Ax; i, | is the largest Ax; ., effective over the
whole input span, namely the smallest change in input that can cause observable change in
output everywhere over the whole input span.

NOTE Dead band and threshold are usually regarded as the resolution at zero range-value.
4.5 Sensitivity (Si)

The sensitivity at the ith measuring point is calculated by the formula:

Si= Lim [ (7)

AY ) dY,
AXi—)O

AXi _d_Xi

where Ax;is the change in input at the ith measuring point and AY; is the change in output at
the ith measuring point which is caused byAx;.

For linear transducers, sensitivity is a constant:

S= Ymax - Ymin (8)
Xmax ~ Xmin
4.6 Hysteresis (§H)
The following formula is used:
Y,
€y = MX 100% (9)
FS

where AYy max = Max |)7d:i ~ Vi

vq4; is down-travel actual average characteristics and is up-
travel actual average characteristics.

NOTE The hysteresis in this report includes both hysteresis and dead band, a practice similar to that used in

and IEC 61298.
4.7 Repeatability (§R)

4.7.1 Calculating methods

The repeatability of a transducer is the extreme value of its random error. The repeatability at
a certain measuring point can be regarded as the extreme value of the sample standard
deviation, at a certain confidence level, of a group of readings taken at the point for n test
cycles. Repeatability is expressed as a percentage of full-span output. The largest
repeatability from the repeatability at all measuring points is chosen as the repeatability of the
transducer. Calculating formula is as follows:

CS\f{naX x100% (10)

F

&R =

Documents

Document Sharing Hub

Full document details: PD IEC TR 62967:2018


https://doi.org/10.3403/00123040U
http://www.avadocuments.com/doc/pd-iec-tr-62967-2018
http://www.avadocuments.com/doc/pd-iec-tr-62967-2018

- 18 — IEC TR 62967:2018 © IEC 2018
where

c is coverage factor, ¢ =t 0,95 and s, is the largest standard deviation, which is chosen
from the 2m sample standard deviations of m measuring points.

NOTE The choice of the largest standard deviation smax conforms with that of |[EC 60770 and IEC 61298.
4.7.2 Determination of coverage factor

For a small sample (n = 3~5 cycles), t-distribution is more reasonable than normal distribution.
This report chooses t-distribution and adopts a coverage factor ¢ = t 0,95 (for a confidence
level of 95 %). In case of necessity, c may not be taken as t 0,95, but this should be clearly
stated. Table 1 shows the relationship of coverage factor ¢ =t 0,95 in relation to the number
of test cycles n.

Table 1 — Form to present reliability data with its data types

(n) 2 3 4 5 6 7 8 9 10
t0,95 12,71 4,303 3,182 2,776 2,571 2,447 2,365 2,306 2,262

4.7.3 Calculation of sample standard deviations

By using Bessel’'s formula, we can obtain 2m sample standard deviations:

n
= 2
Z(yu,ij - yu,i )
=

n-1

©y
Il

(11)

n

- 2
Z(yd,ij ~Ya;i)
—~

sai =\ (12)

where s, ; is the sample standard deviation at the ith measuring point in the up-travel, sy ; is
the sample standard deviation at the ith measuring point in the down-travel, )7,” is the

arithmetic average of a group of readings at the ith measuring point in the up-travel, Yu,ii is the
jth reading at the ith measuring point in the up-travel (i = 1~m;j = 1~n), y,; is the arithmetic

average of a group of readings at the ith measuring point in the down-travel, Yd,ij is the jth
reading at the ith measuring point in the down-travel (i = 1~m; j = 1~n), m is the number of
measuring points, n is the number of test cycles.

4.8 Linearity (L)

4.8.1 The general formula for calculating linearity

AY,
g = — =M% . 100% (13)
FS

where
AY| max = Max(§i —Yi) is the maximum deviation of the actual average characteristics from the
reference characteristics; Documents
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y; is the actual average characteristics at the ith measuring point;

Y; is the reference characteristics at the ith measuring point, Ygg is the full-span output.

NOTE 1 Hints for calculating AY

L,max"

1) By using the actual average characteristics ()71.), and with the best straight line as the reference characteristics,
we can obtain independent linearity.

1) By using the actual average characteristics ( y,), and with the working characteristics as the reference

characteristics, we can obtain a kind of absolute linearity. But, this kind of absolute linearity probably includes
components of hysteresis and repeatability, and therefore is, in a strict sense, not an indication of pure linearity.

NOTE 2 Sometimes and in case of necessity, it is permissible to calculate linearity simply from a group of
calibration readings, instead of from ( y;,). As the calculation of some linearity is rather complicated, it is
recommended that the calculation should be done with computer software.

4.8.2 Absolute linearity (§L,ab)

Pre-specify the equation of the reference straight line and use Formula (13).

NOTE 1 Among the several linearities in this report, and for the same linearity value, absolute linearity is the most
difficult to obtain.

NOTE 2 If interchangeability of characteristics is needed in a transducer, it is desirable to adopt absolute linearity.
NOTE 3 As transmitters have pre-specified characteristics, and therefore they adopt absolute linearity.

NOTE 4 For transducers and transmitters having digital displays, the displayed readings and the measurand have
a pre-specified equation Y _, = x, therefore absolute linearity is adopted.

4.8.3 Terminal-based Linearity (SL,te)

The principle of calculating method is shown in Figure 1 and calculating formula is shown in
Formula (13).

The formula for the terminal-based straight line is as follows:

)_’max _J_’min + J_’max ~ Vmin (14)

Yte = Ymin -

Xmax ~ Xmin Xmax ~ Xmin

or

Y = @ + bx (15)

where

b = 2max “Ymin g the siope of the terminal-based straight line;

Xmax ~ Xmin
@ = Ymin —PXmin is the intercept of the terminal-based straight line;

Ymax ;min is the maximum and minimum values of the actual average characteristics;

X is the maximum and minimum values of the measurand.

max’ Xmin
NOTE 1 Terminal-based straight line is easy to obtain, and terminal-based linearity is easy to deter%amﬁents

an electric bridge circuit.
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