Edition 1.0 2020-04

S
3
- QnVQ
™ (o
© IS

Zx
S \% |
— 5, | 8
O Y :
L oov\\ S
— CO |m

N

®

TECHNICAL

Industrial process control devices — Thermo %

Part|1: Metrological characterization

SPECIFICATION

EC

(u9)$0-020Z: L-¥¥1€9 SL O3l


https://iecnorm.com/api/?name=2d673551b7cbdb0d921f4031e9285f3f

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2020 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

About the IEC

The In

About [EC publications

rnational Electrotechnical Commission (IEC) is the leading global organization that prepares and, publishes
Internafional Standards for all electrical, electronic and related technologies.

The tedhnical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the

latest eflition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The adyanced search enables to find IEC publications by a
variety | of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withidrawn publications.

IEC Jugt Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details pll new publications released. Available online and
once a month by email.

IEC Cugtomer Service Centre - webstore.iec.ch/csc

If you Wish to give us your feedback on this publication or
need fufther assistance, please contact the Customer Service
Centre:

Electropedia - www.electropédia.org
The world's leading online~dictionary on electrotechnology,
containing more than 2240004erminological entries in| English
and French, with equivalent terms in 16 additional languages.
Also known as thesInternational Electrotechnical Vogabulary
(IEV) online.

IEC Glossary(-std.iec.ch/glossary
67 000 electrotechnical terminology entries in English and
French ¢extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries haje been
collected from earlier publications of IEC TC 37, 77,86 and
CISPR.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=2d673551b7cbdb0d921f4031e9285f3f

IEC TS 63144-1

Edition 1.0 2020-04

TECHNICAL
SPECIFICATION

Indystrial process control devices — Thermographic cameras —
Part{1: Metrological characterization

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 17.200, 25.040.40 ISBN 978-2-8322-7969-4

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=2d673551b7cbdb0d921f4031e9285f3f

-2- IEC TS 63144-1:2020 © |IEC 2020

CONTENTS

O T T 1 I PP 6
LN I 2 1 1 L O 1 PN 8
1 1T o 1= S 9
2 NOrMative referENCES .. o 9
3 Terms and definitioNs ... 9
S Y11 o o =P 14
5 AbBDbreviated termS . e 14
6 Determination of technical data ....... ... O ....15
6.1 GBNETAL ..l Y e ...15
6.2 Measuring temperature range ..........ccoiieiiiiiiiii e B ....15
6.2.1 7= a1 Y PP P ...15
6.2.2 Required parameters .......co.oiiiiiiie e N ....16
6.2.3 Examples of indications ... O ....16
6.2.4 Test condition, method and procedure for measuring.témperature range . |.... 16
6.3 Noise equivalent temperature difference (NETD) ........l e ....16
6.3.1 General .....ooeiiiie e S ....16
6.3.2 Required parameters .........oooiiiii e e ....16
6.3.3 Examples of indications .........coooiiiiiml e ....16

6.3.4 Test condition, method and procedure.for noise equivalent temperature
Lo 3 (=Y =Y o Lo S P A7
6.4 Measuring diStanCe (@) ......c.ueiuiiiiiim e ....18
6.4.1 GENETAL .. A ....18
6.4.2 Required parameters ... i e ....18
6.4.3 Examples of indications s e ....18
6.4.4 Test condition, method’and procedure for measuring distance.................} ... 18
6.5 Field Of VIieW (FO b ) e e e e e e ea s ....18
6.5.1 General .o e ....18
6.5.2 Required Parameters . ..o ....19
6.5.3 Examples of indications ... ... ....19
6.5.4 Test condition, method and procedure for field of view ............................. ....19
6.9 Numbetrof image elements ... ....19
6.7 Detector format used (number of detector elements used) ...........ccooeeiiiiiinnnin, ....19
6.8 Instantaneous field Of VIEW (IFOV) .o ....20
6.8¢1 LT o =T = | ....20
68 2 ReguUiTed ParametelrS s e 20
6.8.3 Example of indications ... ... 20
6.8.4 Test condition, method and procedure for instantaneous field of view............ 20
6.9 Slit response fUNCLION (SRF) ..o 20
6.9.1 LT o= = | P 20
6.9.2 Required parameters ... 21
6.9.3 Examples of indications ... ... 21
6.9.4 Test condition, method and procedure for slit response function.................... 21
6.10  Minimum field of view for temperature measurement (MFOVT)...........cccccceeeeeee. 22
6.10.1 GBNEIAL .. 22
6.10.2 Required parameters ... ... 23

6.10.3 Example of indications........oooiiii 23


https://iecnorm.com/api/?name=2d673551b7cbdb0d921f4031e9285f3f

IEC TS 63144-1:2020 © |IEC 2020 -3-

6.10.4 Test condition, method and procedure for minimum field of view for

temperature measurEmMeNt ... ..o 23
B.11  SPECIIAl FANGE ..ieeiiiii e 24
6.11.1 LT o= = | P 24
6.11.2 Examples of iNdications ..o 24
6.11.3 Test condition, method and procedure for spectral range...............c.coooiinl. 24
6.12  EMISSIVItY SetiNg oo 24
6.12.1 LT o= = | P 24
6.12.2 Examples of indications ... ... 24
.13.2 Required parameters ..........cooiiiiiiiiii e N ....25
.13.3 Examples of indications ... ....25
.13.4 Test condition, method and procedure for influence of the. internal
instrument temperature...........ccooiiiii i T ....25
6.14 Influence of the humidity ........ooooiiiiii e D, ....26
.14.1 GENETAL .. s ....26
.14.2 Required parameters .........cooooviiiiiiiiiiiiie a8 ....26
.14.3 Example of indications...... ..o e ....26
.14.4 Test condition, method and procedure foriinfluence of the humidity .........|.... 26
6.15 Long-term stability .......cooooviiiiiii QY ....26
.15.1 (7= o1 Y P 26
.15.2 Required parameters ..........oooii e ....26
.15.3 Example of indication ... 00 ....26
.15.4 Test condition, method andiprocedure for long-term stability ....................}.... 27
6.16  Short-term stability...... ... 27
.16.1 GENEIAl .. .27
.16.2 Required parameters . ... ..o.iieii e .27
.16.3 Example of indication .........ccooiiiiii ....28
.16.4 Test condition, method and procedure for short-term stability ..................}..... 28
B.17  Repeatability o ....28
171 GENEERAL ... ....28
17.2 Required parameters .......co. i ....28
.17.3 Example of indication .........ccoooiiiiiii ....29
6.17.4 Test condition, method and procedure for repeatability ............................. ....29
6.18 </ Interchangeability (spread of production) .........cc.coiiiiiiiiiiii e, ....29
6181 General 29
6.18.2 Required parameters ... ... 29
6.18.3 Example of indication ... 30
6.18.4 Test condition, method and procedure for interchangeability (spread of
PrOAUCTION) ettt ettt 30
B.19  RESPONSE tiME .. e e 30
6.19.1 GBNEIAL .. 30
6.19.2 Required parameters ... ... 34
6.19.3 Example of indication ... 34
6.19.4 Test condition, method and procedure for response time..................c..co.. 34
B.20  EXPOSUIE tiMe . e 35
6.20.1 GBNEIAL .. 35

6.20.2 Required parameters . ... 36


https://iecnorm.com/api/?name=2d673551b7cbdb0d921f4031e9285f3f

-4 - IEC TS 63144-1:2020 © |IEC 2020

6.20.3 Example of indication ..o
6.20.4 Test condition, method and procedure for exposure time .....................co..
6.21 W arm-UP M e oo e
6.21.1 GBNEIAL .
6.21.2 Required parameters ... ...
6.21.3 Examples of iNndication...........ooiii
6.21.4 Test condition, method and procedure for warm-up time ...................c.co.
6.22 Integration time setting range........cooooiii i
6.22.1 GBNEIAL ..t
222 Regdiredparameters——————7077—""+—+""+"+-+-"+"+"+"""—""—"—"""—
6.22.3 Example of indication ..o O
6.3 Refresh rate.. ..o AN
6.23.1 GENETAL .. N
6.23.2 Example of indication ..o B
6.23.3 Test condition, method and procedure for refresh rate.....c. Ll
6.244 Non-uniformity (inhomogeneity of detector responsivity) ........ % oo,
6.24.1 General ... N T
6.24.2 Required parameters .........ccccovviiiiiiiiiiiiiie st S
6.24.3 Example of indication ... N
6.24.4 Test condition, method and procedure for nontuniformity...............cc...co.ee,
6.45 Inhomogeneity equivalent temperature differénce (IETD) ........ccovvviiiiiinnnnnnn.
6.25.1 GeNEral .o
6.25.2 Required parameters ... i e
6.25.3 Examples of indications ... .
6.25.4 Test condition, method and procedure for inhomogeneity equivalent
temperature difference. ...t
6.46 Operating temperature range‘and air humidity range............ccocoviiiiiiiinenneenn.
6.26.1 LT o= = |
6.26.2 Example of indigalion .........oooiiiiii
6.26.3 Test conditiony,_method and procedure for operating temperature range
and air humidity range ... ..o
6.47 Size-of-sounCeeffect (SSE) ...
6.27.1 GENEERAL ...
6.27.2 Required parameters .......co. i
6.27.3 Examples of indications .........cooiiiiiiii
6.27.4 Test condition, method and procedure for size-of-source effect ...............|....
Annex A(informative) Change in the indicated temperature caused by a 1 % change
in thelradiative-ntereharg-——rrmrrm——m—m—m—m—m—m—m—m—m—m—m—m—m—m—m—m—m—m—m——m—————————————————— s
BB O G AP Y . e
Figure 1 — Schematic Measuring SEtUP ......ciuiiiiii e
Figure 2 — Slit response fUNCHION ... oo e
Figure 3 — Minimum size of a measuring spot for temperature measurement ........................
Figure 4 — Synchronous signal acquisition for a quantum detector ................coooiiiiiiiinnis
Figure 5 — Asynchronous signal acquisition for a quantum detector ..................cooiiiiiini.
Figure 6 — Asynchronous signal acquisition for a thermal detector (best case)......................
Figure 7 — Asynchronous signal acquisition for a thermal detector (worst case) ....................

Figure 8 — Example of the measurement of the warm-up time ...............c.ooiiiiinn e,

40
41
41
41


https://iecnorm.com/api/?name=2d673551b7cbdb0d921f4031e9285f3f

IEC TS 63144-1:2020 © |IEC 2020 -5-

Table 1 — Symbols ...
Table A.1 — Change in the indicated temperature



https://iecnorm.com/api/?name=2d673551b7cbdb0d921f4031e9285f3f

1

2)

3)

4)

5)

6)

7)

8)

9)

The main task.of IEC technical committees is to prepare International Standards. In excef
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FOREWORD

peration on all questions concerning standardization in the electrical and electronic fields. To" this g
ddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R

baration is entrusted to technical committees; any IEC National Committee interested\in’the subject de
participate in this preparatory work. International, governmental and non-governniental organizations

hdardization (ISO) in accordance with conditions determined by agreement béetween the two organiza

hmittees in that sense. While all reasonable efforts are madé, to ensure that the technical content

nterpretation by any end user.

rder to promote international uniformity, IEC National»Committees undertake to apply IEC Publi

Essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certificatiérnybodies.

isers should ensure that they have the.latest edition of this publication.

liability shall attach to IEC or its.directors, employees, servants or agents including individual expé€]
nbers of its technical committees and IEC National Committees for any personal injury, property dan
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fed

spensable for the correct application of this publication.
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ational
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alt with
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the IEC also participate in this preparation. IEC collaborates closely with the Intérnational Organizaftion for
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fom all
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of IEC
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etween
b |atter.

formity
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the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 63144-1, which is a Technical Specification, has been prepared by subcommittee 65B:
Measurement and control devices, of IEC technical committee 65: Industrial-pr
measurement, control and automation.

ocess
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The text of this Technical Specification is based on the following documents:

Draft TS Report on voting
65B/1129/DTS 65B/1159/RVDTS

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list [of all paris in the TEC 63144 series, published under the general title Tndustrial pfocess
contrql devices — Thermographic cameras, can be found on the IEC website.

The cpmmittee has decided that the contents of this document will remain unchanged urtil the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the 'data related to
the sgecific document. At this date, the document will be
e regonfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

Thermographic cameras (also called "thermographic imagers" or "infrared cameras") are being
increasingly used for spatially and temporally resolved, non-contact radiation temperature
measurement. Tracing the temperature values indicated by these instruments to the
International Temperature Scale (ITS-90) is gaining in importance for the comparability of
measurements. The precondition for their calibration and metrological application with low
uncertainties is to accurately describe and determine the essential metrological data of
thermographic cameras. Whereas there are international regulations to determine the technical
specifications for radiation thermometers — namely IEC TS 62492-1 and IEC TS 62492-2 —
there is a lack of such regulations for thermographic cameras in such a detailed form.

This qocument is Part 1 of a series of technical specifications for thermographic cameras. It is
intended to improve comparability and testability of the essential metrological technical data of
thermpgraphic cameras. To this end, unambiguous procedures are laid down for the indigation
and the determination of this technical data. Future IEC TS 63144-2 is intended to specifically
addreps the absolute calibration procedures and the corresponding \uncertaintigs for
thermpgraphic cameras in more depth and detail.
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INDUSTRIAL PROCESS CONTROL DEVICES -
THERMOGRAPHIC CAMERAS -

Part 1: Metrological characterization

1 Scope

one-djmensional (line cameras or Iine scanners) temperature measuring instruments,
independently of the scanning principle (fixed multi-element detector or scanning cémera
system).

This document describes standard test methods to determine releyant metrological dpta of
thermpgraphic cameras. Manufacturers and sellers can choose relevant data and can stale that
the d3gta shall be compliant with this Technical Specification.

2 Normative references

There|are no normative references in this document.

3 Terms and definitions
For thie purposes of this document, the following terms and definitions apply.

ISO apd IEC maintain terminological databases for use in standardization at the following
addrepses:
o |E[ Electropedia: available/at http://www.electropedia.org/

e ISP Online browsingsplatform: available at http://www.iso.org/obp

NOTE | The term “uncertainty” used in this document is precisely derived from the above databases anfd more
specifigally from ISO/IEE, Guide 98-3:2008 [3].

3.1
blackpody radiator
radiatpr that emits radiation in a very good approximation of Planck's radiation law

Note 1 to entry: A blackbody radiator is a source of thermal radiation with an effective emissivity close to 1.

3.2

coverage factor

numerical factor used as a multiplier of the combined standard uncertainty in order to obtain an
expanded uncertainty

Note 1 to entry: Coverage factor, , is a number larger than one and, typically, in the range from 2 to 3.

3.3
detector format used
number of detector elements (detector pixels) that have actually been used to record the image

Note 1 to entry: The term "pixel", which is frequently used, will not be used in this document since it can refer both
to the detector (detector element) and to the image (image element).


http://www.electropedia.org/
http://www.iso.org/obp
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3.4

exposure time

minimum period of time during which the input quantity (measurement temperature or
measurement radiation) is applied in the event of abrupt changes in order for the output signal
of the thermographic camera to reach a pre-defined value

3.5
emissivity setting range
range within which the emissivity of the target can be set at the thermographic camera

3.6

field pfview
Fov
horizdntal and vertical angle of the maximum realizable image section of the thermogfaphic
cametra, with specified optics

Note 1o entry: The field of view is the angular extent of the observable world that is seen attany given moment.

3.7
influgnce of air humidity
paranjeter which gives the additional uncertainty of the measured.temperature value of a farget
depending on the deviation of the actual humidity from the humidity at calibration referring to a
defingd measuring range

[SOURCE: IEC TS 62492-1:2008, 3.1.11, modified — "depending on the relative air humigdity at
a defihed ambient temperature" replaced with "of a target depending...measuring range"|]

3.8
influegnce of the internal instrument temperature
paranmeter which gives the additional uncertainty of the measured temperature value of a ftarget
depending on the deviation of the actual internal temperature of the thermographic camera from
the infernal temperature at calibration referring to a defined measuring range

[SOURCE: IEC TS 62492-1:20085 3.1.10, modified — "depending on the deviation o¢f the

tempgrature...ambient conditions" replaced with "of a target depending...measuring rangg".

3.9
inhomogeneity equivalent temperature difference
IETD
smallgst resolvable 'temperature difference that corresponds to the noise distributed over the
surfade of the image elements in an image

Note 1 o entry;® "Noise distributed over the surface" means the position-dependent deviation of the indicatefd value
of an image,element from the mean value of all elements without the influence of time-dependent noise at a
homoggneous radiance of the source.

3.10

instantaneous field of view

IFOV

horizontal and vertical angle resulting from the computation of the section of the field of view
detected by a single detector element of the thermographic camera with aberration-free optics
with a specified focal length

3.1
integration time
time span in which a quantum detector converts the incident radiation into an output signal

Note 1 to entry: The measurement signal is also integrated when using thermal detectors, but in this case, the
integration time is not representative for the description of the time-dependent behaviour.
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3.12

integration time setting range

range in which the time span for the conversion of the radiation signal into an output signal can
be set (for thermographic cameras with a quantum detector)

3.13

interchangeability

half the maximum deviation between the measurement results of two thermographic cameras
of the same type that are operated under identical conditions

[SOURCE: IEC TS 62492-1:2008, 3.1.15, modified — Definition revised.]

3.14
internal instrument temperature
internpl temperature which is determined by the manufacturer at one or severalixepresertative
pointg and is provided to the user in order to monitor the admissible operating temperatures
and tq indicate additional components in the measurement uncertainty

3.15
long-term stability
reproducibility of measurements repeated over a period of at least three months

[SOURCE: IEC TS 62492-1:2008, 3.1.12, modified — "over along time" replaced with "a period
of at Ipast three months".]

3.16
measurement accuracy
closeness of agreement between a measuredgquantity value and a true quantity valug¢ of a
measyirand

Note 1o entry: The concept “measurement acguracy” is not a quantity and is not given a numerical quantity value.
A meadqurement is said to be more accurate when it offers a smaller measurement error.

3.17
measurement uncertainty
paranjeter, associated with the result of a measurement, that characterizes the dispersion of
the vglues that could reasonably be attributed to the measurand

EXAMHLE The half-width_of an interval having a stated coverage probability.

Note 1 o entry: "Measurement uncertainty" and "measurement accuracy" are not synonyms.

[SOURCE: {SO7IEC Guide 98-3:2008, 2.2.3, modified — Notes replaced with the example and
note tp entry.]

3.18

measuring distance

distance or distance range between the thermographic camera and the target for which the
thermographic camera is designed and in which a focussed imaging of the target is possible

[SOURCE: IEC TS 62492-1:2008, 3.1.4, modified — "radiation thermometer" replaced with
"thermographic camera" and "and in which a focussed imaging of the target is possible" added.]

3.19

measuring temperature range

temperature range, with respect to the blackbody, for measurements in which the thermographic
camera is designed

Note 1 to entry: For this temperature range, the measurement uncertainty remains within defined limits.
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[SOURCE: IEC TS 62492-1:2008, 3.1.1, modified — "radiation thermometer" replaced with

"thermographic camera", "with respect to the blackbody, for measurements in which" and note
added.]

3.20

minimum field of view for temperature measurement

MFOV7

field of view of the circular target with the smallest possible diameter, which, when measured
proportionally to the radiance, does not result in a decrease compared to the reference value
larger than that specified

3.21
noise|equivalent temperature difference
NETD
contripution to the measurement uncertainty, indicated in K or in °C, which occurs .due tqg time-
dependent instrument noise

[SOURCE: IEC TS 62492-1:2008, 3.1.3, modified — Definition revised.]

3.22
non-yniformity

inho:]:ogeneity of detector responsivity
maximum difference between the indicated temperature values in an image when viewing an
imagg-filling, homogeneous radiance of the measurement object and neglecting the|time-
dependent intrinsic noise of the instrument

3.23
numbler of image elements
number of single values of which the image<provided by the thermographic camera consists,
horizdntally and vertically

3.24
operating humidity range
admigsible humidity range withinlwhich the thermographic camera may be operated

[SOURCE: IEC TS 62492-1:2008, 3.1.19, modified — "permissible" replaced with "admigsible"
and "fadiation thermometer" replaced with "thermographic camera".]

ating temperature range
ible temperature range within which the thermographic camera may be operated

, modified — "permissible"

replaced with "admigsible"

2492-1: 2008, 3.1.19

oTa VW

3.26

image element

image pixel

smallest independent thermographic detector cell of a thermographic camera

Note 1 to entry: The term "pixel", which is frequently used, will not be used in this document since it can refer both
to the detector (detector element) and to the image (image element).

3.27

Planck's radiator

idealized thermal radiation source, which emits radiation with a characteristic spectrum that
only depends on the temperature and is fully described by Planck's law
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3.28

reference radiator

radiating source for the metrological characterization of a thermographic camera whose
radiating surface has a sufficient size, temperature homogeneity and spectral emissivity that is
sufficiently stable and sufficiently well-known for its application

Note 1 to entry: The requirements on the reference radiator result from the technical specifications of the
thermographic camera to be characterized and the intended uncertainty of its characterization.

3.29
refresh rate
number of output images in the specified resolution (number of image elements) per second

3.30
repeatability
twice [he standard deviation of measurements repeated under the same conditions within p time
span of at least three minutes

[SOURCE: IEC TS 62492-1:2008, 3.1.14, modified — "very short time span (several minutes)"
replaged with "a time span of at least three minutes".]

3.31
respanse time
time interval between the instant of an abrupt change in(the value of the input paraereter
(meaqurement temperature or measurement radiation) bétween two constant values and the
instant from which the measured value of the thermographic camera remains within spgcified
limits [of its final value

[SOURCE: IEC TS 62492-1:2008, 3.1.16, modified — "object" replaced with "measurement"”,
"between two constant values" added*land ‘"radiation thermometer" replaced| with
"thernpographic camera".]

3.32
shorttterm stability
reproducibility of measurements.répeated over a period of at least three hours

[SOURCE: IEC TS 62492-1:2008, 3.1.13, modified — "a short time period (several hpurs)"
repladed with "a period of at least three hours".]

3.33
size-gf-source effect
SSE
chande in¢he radiation value or temperature value indicated by the thermographic cameralwhen
viewing4he centre of a radiating surface with a homogeneous temperature when the arealof the

radiatter-surface-is—enlarged

3.34

slit response function

SRF

relative change in the value measured at the centre of the slit, in radiance-proportional quantity
while reducing the width of a slit-shaped aperture oriented horizontally and/or vertically with
respect to the detector and positioned in front of a homogeneously temperature-stabilized
radiator

3.35

spectral range

parameter that gives the lower and upper limits of the wavelength range over which the
thermographic camera detects radiation from the target
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with "the thermographic camera detects radiation from the target".]

3.36
warm-up time

maximum time period needed by the thermographic camera after switching on to operate

according to its specification

[SOURCE: IEC TS 62492-1:2008, 3.1.18, modified — "maximum" added and "radiation
thermometer" replaced with "thermographic camera".]
4 SleboIs
For thie purposes of this document, the symbols listed in Table 1 below are used;
Table 1 — Symbols
Symbol Description Unit
U Expanded measurement uncertainty
M Measurement result
k Coverage factor 1
Fov, Horizontal field of view °
FOV. Vertical field of view °
IFOV, Horizontal instantaneous field.of view mrad
IFOV, Vertical instantaneous field\of view mrad
MFOV; Minimum field of view.for temperature measurement mrad
n, Horizontal image“element number 1
n, Vertical image‘element number 1
Xideal Idealized.measurement field mm
d Measuring distance m
foptic Optical factor 1
A Wavelength gm
AT Mean temperature difference K
t Time s
t Warm-up time S
T Refresh rate Hz
v Integration time S
NETD Noise equivalent temperature difference °C

5 Abbreviated terms

For the purposes of this document, the abbreviated terms listed below are used:

IETD inhomogeneity equivalent temperature difference

SRF slit response function
FWHM full width at half maximum
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NUC non-uniformity correction
6 Determination of technical data

6.1 General

A typical setup for the determination of characteristics of thermographic camera is shown in
Figure 1. The following test conditions apply for all measurements, if not stated otherwise:
1) ambient temperature range in the laboratory: 18 °C to 28 °C;

2) thermographic camera to be connected to a power supply in accordance with the
manufacturer’s instructions;

3) pdgsitioning system which allows linear and angular alignment of the thermographic’‘camera
in[respect of the optical axis of the reference radiator;

4) cgmpliance with the warm-up time specified by the manufacturer;
5) uge of a reference radiator;

6) presupposition that, if the measuring distance is indicated in‘Caccordance with the
measurement provisions, the objective of the thermographic camera is focussed on this
distance.

NOTE | The reference radiator is, if possible, a cavity blackbody radiator that/s a good approximation of Hlanck's

radiatof, or a large-area surface radiator with a good temperature homogeneity and a coating characteriz¢d by a

homogé¢neous and high emissivity (> 0,95 if T <150 °C and > 0,90 if 72> 150 °C).

If detg¢ctor elements are faulty, which the manufacturer/most of the time replaces by special
algorithms, this shall not influence the measurements; if needed, the manufacturer shfall be
asked to provide these algorithms or the measurements shall be repeated at different posjtions.

I Aperture of

reference
B N radiator
Thermographic

/
. ° e ) R —— Reference radiator —_—
camera s

Positioning system for

———————lincarand-angularatghment
IEC

Figure 1 — Schematic measuring setup

6.2 Measuring temperature range
6.2.1 General

The temperature range for which the thermographic camera is designed and in which the
measurement uncertainty lies, within the given specification, always refers to the blackbody.

Besides the specified measuring temperature range, a temperature indication range may be
given. Within the limits of this range, the thermographic camera indicates measured values
without necessarily complying with the specified measurement uncertainty.
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Required parameters

In the case of interchangeable objectives, spectral filters or diaphragms, the arrangement used
shall be indicated. If wider measuring temperature ranges are divided into several manually or
automatically adjustable individual ranges, this division shall also be indicated.

6.2.3

Examples of indications

a) Measuring temperature range: -20 °C to 300 °C
b) Measuring temperature ranges: (1) =20 °C to 120 °C and (2) 0 °C to 600 °C

6.2.4

Test condition, method and procedure for measuring temperature range

The

can tHerefore be fully determined in connection with the latter only.

To deftermine the temperature indication range, the thermographic camera jsjplaced ce
in fromt of a reference radiator of known temperature and emissivity. The.temperature
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tempe
uncer
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is rec
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6.3.2
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indicTed together with~the NETD. In the case of interchangeable objectives or filter
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case,

easuring temperature range is closely linked to the measurement uncertainty (3.4

nce radiator is progressively brought closer to the specified minimum and ma
ratures of the respective temperature indication range. Taking the specified measur
ainty of the thermographic camera and the uncertainty of the feference radiator use
nt, the indication of the lowest and of the highest temperatufg,in the thermographic
prded and compared with the manufacturer's declarations.

Noise equivalent temperature difference (NETD)
General

oise equivalent temperature difference indicates the contribution to the measur
ainty which is caused by high-frequency-témporal instrument noise. It corresponds
rature difference of a blackbody where the signal-to-noise ratio of the thermog

Required parameters

pise equivalent temperature difference strongly depends on the radiation temperat
ject to be measured, on the selected measuring time (integration time, image rec
nd/or refresh rate)and on potential image averaging, which therefore always have

ive and filter .used shall be indicated; in the presence of switchable mea
rature ranges, the measuring temperature range used shall be indicated. If the
ds on thiejinternal instrument temperature, this dependency should be measured.

the internal instrument temperature shall be stated with the NETD. Finally, the dis

to the

with the NETD if the result depends on these parameters. If not stated otherwise, it is ass

reference radiator, the focussing conditions and the ambient temperature shall be

) and
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a is 1. In the case of the noise equivalent temperature difference of a single degtector
elemgnt, the coverage probability is always 68,3 % (standard uncertainty).
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that the NETD was measured with the aperture of the reference radiator in focus.

In the case of fixed and known attribution of the exposure time, these shall be indicated as
parameters.

NOTE

If the camera is able to perform an internal non-uniformity-correction (NUC), this can be applied just

the NETD measurement. This will generally improve the NETD.

6.3.3

Examples of indications

before

a) NETD: 0,05 °C (at a radiator temperature of 30 °C, refresh rate: 25 Hz, measuring
temperature range: =20 °C to 120 °C, internal instrument temperature 23 °C + 5 °C).

b) NETD: 20 mK (at a radiator temperature of 30 °C, integration time: 1 ms, focal length:

30

mm).
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Cc) NETD: typical 40 mK (mean value of all detector elements at a radiator temperature of 30 °C,
refresh rate: 50 Hz).

6.3.4

Test condition, method and procedure for noise equivalent temperature
difference

6.3.4.1 General

Owing to different equipment characteristics, not all thermographic cameras allow real-time
recording as is required by test method (A). In this case, it is possible to use test method (B),
in accordance with OIML R141. Whereas test method (A) determines indications of the time-
dependent signal-to-noise ratio for each image element, method (B) only allows the statement
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6.3.4.

EXpected value forthe mean nolse equivatenttemperature difference of the thermog
a. In this case, the value shall be clearly identified as a mean value.

R Test method (A) for noise equivalent temperature difference (VNETD)

e thermographic camera is prepared in accordance with the specifications given
d placed centrally in front of a homogeneous reference radiatoref known rag
mperature (referring to an emissivity set to 1). The short-térm variations i
mperature of the reference radiator during the measuring timé-shall be negligibl
spect to the NETD to be measured.

e integration time and/or the refresh rate shall hereby be getin accordance with the
d down in the specification of the instrument to be tested:

th the software provided by the manufacturer, at teast 100 consecutive value
basured and recorded for the pixels oriented towards the reference radiator; hereb
al measuring time shall amount to at least “¢00 times the exposure time. Fro
basured temperature values, the standard deviation is calculated for each indi
age element (image pixel). Slow changes in.the mean value of all image elements
all be corrected mathematically if they.eannot be eliminated by reducing the mea
he.

he simultaneous exposure of all image elements is not possible, several sequencef
carried out with different positions of the reference radiator in the image.

bndard deviations of the.single image elements are less or equal. If applicable, rq
bportions that deviate from this value shall be indicated. As an alternative, it is pQ
indicate the arithmetic.mean value of the measured individual standard deviationg
hgle image elements‘and its scattering instead. In this case, the value shall be ¢
bntified as a meanwvalue.

The quantitative measurement conditions in step 3), i.e. the number of frames used for the NETD calc

determined<differently by manufacturers and sellers of thermographic cameras, if the statistical signi
fained.

¢ Test method (B) for noise equivalent temperature difference (VNETD)
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e NETD is the designated standard deviation where 90 % of all measured individual
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1) Th

ethermographic camera is prepared in accaordance with 6 1 and positioned centr

Blly in

front of a homogeneous reference radiator of known radiating temperature (referring to an
emissivity set to 1). The short-term variations in the temperature of the reference radiator
during the measuring time shall be negligible with respect to the NETD to be measured.

2) The integration time and the refresh rate shall hereby be set in accordance with the value
laid down in the specification of the instrument to be tested.

3) Two individual images are recorded rapidly one after the other, but with a minimum interval
corresponding to the detection time. For each image element, the difference between the
indicated temperature values is determined.

1 2
Az =1, -1, @

where

(1)
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Ti,j“) is the indicated temperature value of image element i,j in the first thermographic image;

Tl.,j(z) is the indicated temperature value of image element i,j in the second thermographic
image.

The mean NETD is computed from:

" M (AT, —AT)?
NETD = ﬁ\/zz( L ) (2)
2 \| =4 My - Ry
i=1j=1
wherg:
AT | . : - . -
L/l is the difference between the indicated temperature values of image element i,j;
AT is the mean temperature difference between the image's mean values;
iy is the horizontal number of image elements;
ny is the vertical number of image elements.

6.4 [Measuring distance (d)
6.4.1 General

The measuring distance describes a fixed distance or,\more often, a distance range for jwhich
the thermographic camera allows a focussed image_ of'the object to be measured. The refdrence
point for stating the measuring distance has to be'given by the manufacturer (e.g. an edige of
the instrument housing).

6.4.2 Required parameters

In the|case of interchangeable objectives, the objective used shall be indicated.

6.4.3 Examples of indications
a) Measuring distance: 0,2 m-{o «.
b) Measuring distance: 60"mm.

6.4.4 Test condition, method and procedure for measuring distance

The djstance between a reference radiator with a sharply limited edge (e.g. cooled diaphragm)
and the thermographic camera is varied within the limits in which a subsequent focussing on a
sharp|image\is possible. Measurements shall be done under the focussed conditions whefre the
signal gradient at the boundary of the sharp edge is maximum. Both limits for the (minimum and
the maximum) distance are determined as the minimum and the maximum measuring distdnces.

For focussing in the far range, it is important that the reference radiator has a sufficiently large
surface. Since this cannot always be guaranteed, a suitable object, providing a sharply limited
temperature edge, may also be used.

6.5 Field of view (FOV)
6.5.1 General

The field of view describes the area of the image that is detected by the thermographic camera,
both in horizontal and in vertical directions. The values are indicated combining both directions
or as single values (FOV}, or FOV,)) in angle unit.
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6.5.2 Required parameters

In the case of interchangeable objectives, the appurtenant objective shall be indicated together
with its focal length or designation as well as the respective measuring distance.

NOTE The field of view angle is a constant quantity only for distances that are large enough compared to the
objective's focal length.

6.5.3 Examples of indications

Image field of view: 30° x 23°.

6.5.4 Test condition, method and procedure for field of view

FOV is determined by horizontal and/or vertical shifting of a reference radiator awith” a|small
apertdre within the object plane, the thermographic camera being focussed. The positipns of
the refference radiator exactly at the edges of the thermographic image are determined} With
the distance between the object plane and the optical main plane the field of \wiew is calcylated.
Instedd of a small-scale reference radiator, it is also possible to use a cooted*diaphragm in front
of a large-area reference radiator. The distance to the reference radiator should be af least
20 times the focal length.

If the main plane of the objective used is not known, it is alternatively possible to measufre the
size df the field of view from two different distances, whichishall, however, correspond to at
least {en times the focal length, and to determine the angle‘using the rule of proportion.

6.6 [Number of image elements

The nimber of image elements describes the number of individually measured values, ind|cated
as hofizontal and vertical number of image elements, provided by the thermographic camera,
which} in their totality, represent the thermographic image the user can see.

—

The number is determined by the design chosen by the manufacturer and requires no test.

NOTE | Partial overlay of images occursalready inside the thermographic camera in order to increase the pumber
of image elements issued. The numberefimage elements does, therefore, not necessarily correspond to the detector
format psed (6.7).

An expmple of indicationtef number of image elements is: 320 x 240.

6.7 |Detector format used (number of detector elements used)

The dptector format used shall not in each case be the same as the number of image elements
provided by-the camera.

EXAMALE

a) Scanning thermographic cameras or line scanners in which sequential scanning is carried out by means of a
mobile optical element.

b) Resolution increase by images overlay from several individual images with slight spatial shift.

c) Resolution decrease by averaging across several detector elements.

In the event of deviations between the number of image elements issued and the detector format
used, this needs to be indicated separately. This parameter is determined by the manufacturer
and requires no test measurement.

An example of indications of detector format is: 320 x 240 detector elements.
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6.8 Instantaneous field of view (IFOV)
6.8.1 General

This designation originates from scanning thermographic cameras and describes the image
field area of the detector detected at the instant of an individual scan. Thermographic cameras
with a matrix detector use imaging objectives that often do not image orthomorphically.
Especially with wide-angle lenses, the field of view angle of the individual detector element
therefore depends on its position. For a thermographic camera with a matrix detector, the mean
IFOV is calculated: it is indicated in the angle unit mrad, as a quotient of FOV and of the number
of image elements n,, ,, referring to a horizontal (h) and a vertical (v) orientation, respectively:

FOW;
IFOV,, = —— (3)

LY,

From the IFOV indication in mrad and the distance of the object d in m, an approximation|of the
idealized measurement field y,4., can be calculated in mm:

Xideal =d - IFOV (4)

This may on no account be confused with the minimum size~of an object to be measured for a
tempgrature measurement.

6.8.2 Required parameters

The opjective used shall always be indicated.

6.8.3 Example of indications

IFOV:[1,5 mrad (objective with the foecal'length 25 mm).

6.8.4 Test condition, method’and procedure for instantaneous field of view

The mean IFOV is calculated.in accordance with Equations (3) and (4), from the referencg FOV
referr(lng to the respective-orientation, divided by the number of image elements in that dirgction.
The result is indicated‘in’the angle unit mrad.

A full palculatiomof the position-dependent IFOV is only possible if all optics data are knpwn.

6.9 [Slitresponse function (SRF)
6.9.1 General

The slit response function describes the relative change in the indicated measured value in
radiation units while narrowing a slit-shaped diaphragm in front of a homogeneously
temperature-stabilized radiator. The slit response function is a quantitative description of the
influence of the size of the object to be measured on the measured value indicated as a function
of a defined reference direction (horizontal or vertical).

Due to imaging defects of the optics and to diffraction — but also to thermal cross-talk between
the individual detector elements — the projection of a detector element is never fully in
agreement with the theoretically calculated image. The slit response function describes this
behaviour quantitatively in one axis.

NOTE Even in the event of an ideal image, a very small object with projected detector element size would not,
coincidentally, be imaged strictly on one detector element, but could occupy all possible intermediary positions.


https://iecnorm.com/api/?name=2d673551b7cbdb0d921f4031e9285f3f

IEC TS 63144-1:2020 © |IEC 2020 -21-

6.9.2 Required parameters

The measuring distance may influence the slit response function; this distance should therefore
be indicated. In the case of interchangeable objectives, the objective used shall be indicated.
The temperature of the reference radiator used shall be indicated.

6.9.3 Examples of indications

a)

SRF: 90 % at 3 mrad (measuring distance: 500 mm, temperature of the reference radiator:
100 °C).

b) Graphical presentation, see Figure 2:

L — L
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Relative signJI
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0,88

0,86 l

0,84 J

0,82

0,8 -
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Slit width (mrad)
IEC

Slit regponse function for a thermographic*camera with /FOV = 1,6 mrad at a measuring distance 500 mn} and a

temperpture of the reference radiator of 100 °C.

6.9.4 Test condition; method and procedure for slit response function

1)

2)

3)

4)

Figure 2 — Slit response function

The thermographic’camera is prepared in accordance with 6.1 and placed centrally if front
off a homogeneous reference radiator of known temperature (with a refdrence
radiator/diaphragm signal ratio of at least 5:1 in radiation units and a signal-to-nois¢ ratio
of|at least'50:1). An adjustable temperature-stabilized slit is first oriented to the horigontal
image(axis and the thermographic camera is focussed on it. The distance betwegn the
thermographic camera and the slit is determined.

The slit is set to a gap width corresponding to the /FOV and the position of the slit relative
to the camera is adjusted in such a way that a maximum signal is measured. Instead of the
adjustment, it is also possible to measure with a slightly skewed slit and then to analyse the
maxima.

The slit is opened up to a maximum width which is at least 20 times the IFOV. The
thermographic camera is switched to the function "indication of radiation-proportional
values". If this is not possible, the temperature indication is written down with the emissivity
set to 1 and then converted into radiation-proportional quantities by means of Planck's
function, knowing the spectral range of the camera. Since the slit response function
indicates relative changes, relative radiation-proportional quantities suffice.

The slit width is progressively reduced, and the respective maximum of the radiation value
inside the slit is written down. The slit width hereby measured is converted into an angle in
mrad, the measuring distance being known.
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5) The relative change, in relation to the measured value at maximum slit width, can be either
indicated in the form of individual values (e.g. decrease down to 50 %, decrease down to
90 %) or represented as a full measurement curve.

6) The steps 2) to 5) are repeated for the vertical orientation of the slit.

6.10 Minimum field of view for temperature measurement (MFOV7)

6.10.1 General

Even supposing that ideal optics and ideal detectors are used, measuring the temperature
accurately without any special edge conditions for a circular test object requires a minimum
size of-motre-than-2 & where - is the Hingnnal of 3 r\nmplnfn eingln detectorelement with its
radiatjon-sensitive and radiation-insensitive areas. Figure 3 shows various borderline ¢ages. In
examples A and B of Figure 3, the diagonal of the measured spot is only just Iargerqghn 2c.

of a ¢letector element. This particular detector element is irradiated ove full radiation-
sensifive surface and supplies an exact measurement value. The eig ther neighbouring
detecfor elements supply a wrong measurement value of the radiation, s they are only|partly
irradigted. In case B, the measured spot is located exactly betw@the detector elements.
Here,|four detector elements are fully irradiated. At least eigh’g;‘;ot r detector elements are

In ca}e A, the measured spot is located exactly in the centre above the radiati pﬁs’ensitive part

partly|irradiated and do not supply any exploitable results. In ples C and D of Figure 3,
the dipmeter of the measured spot is only just smaller than 2c/If its centre is located exactly
betwelen the detector elements (case C), none of the d tor elements is fully irragliated
anymore. If it is oriented more favourably, i.e. exactly ve a detector element (case D), it is
still ppssible to obtain one single correct measured e. Detector elements located pt the
limits petween two measuring fields do not supply %E itable measurement results. In theg case
of small measuring fields, the number of bor@ elements is larger than the number of
exploitable detector elements. %)

A
\i

IEC

The measuring spots are represented as circles. The active (radiation-sensitive) parts of the detector elements are
dark and the radiation-insensitive parts are light.

Figure 3 — Minimum size of a measuring spot for temperature measurement

In practice, resolution loss always occurs owing to diffraction, chromatic aberrations, diffusion
on flawed optical materials and signal cross-talk in the detector.
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To describe the minimum size of the object to be measured for a quantitative temperature
measurement with a given uncertainty, it is possible to indicate the smallest measurable field
of view of the measurement (minimum field of view for temperature measurement — MFOV’7).

The latter can also be indicated via an optical factor /g e with:

MFOVy = fopiic - IFOV (5)

The optical factorfoptiC is usually larger than 3.

The nlinimum field of view for temperature measurement MFOV+ indicates the field ©f vjew at

which|the radiation signal has decreased to a specified value from the initial valuefowing|to the
progressive closing of a circular diaphragm. The relation between the radiation'measuregd and
the temperature of the object to be measured is non-linear. Table A.1 shows the changelin the
indicated temperature at a relative change in the radiative interchange betweep the

thermpgraphic camera and the object to be measured of approximately 1 %.

6.10.2 Required parameters

The measuring distance can influence the spatial resolution; this-distance should therefgre be
indicated. In the case of interchangeable objectives, the gbjective used shall be indigated.
Which proportion the radiation signal decreases to at the-given field of view shall also be
indicafted. The fraction value should be at least 90 %; typical values are 90 %, 95 % and [98 %.
The temperature of the reference radiator used shall 'be indicated. The MFOV; shodld be

determined in the centre of the field-of-view of\the camera. As the MFOV; is gererally
deper|ding on the selected area within the field=of-view it should be stated if the MFOV7|is not

determined in the centre.

6.10.3 Example of indications

MFOW: 2 mrad for a signal decrease~down to 90 % (at a measuring distance of 500 mm [and a

radiatpr temperature of 100 °C).

6.10.4 Test condition, method and procedure for minimum field of view for

1)

2)

3)

temperature measurement

The thermographic/camera is prepared in accordance with 6.1 and placed centrally if front
off a homogeneous reference radiator of known temperature (with a refdrence
radiator/diaphragm signal ratio of at least 5:1 in radiation units and a signal-to-nois¢ ratio
ofjat least'50:1). An adjustable temperature-stabilized iris diaphragm is positioned ceptrally
and the thermographic camera is focussed on it. The distance between the thermogfaphic
cgdmera and the diaphragm is determined.

The diaphragm is opened up to a diameter which is at least 20 times the TFOV. The
thermographic camera is switched to the function "indication of radiation-proportional
values". If this is not possible, the temperature indication is written down with the emissivity
set to 1 and then converted into radiation-proportional quantities by means of Planck's
function, knowing the spectral range of the camera. Since relative changes are investigated,
relative radiation-proportional quantities suffice. As a simplifying alternative, it is also
possible to use Annex A to determine the temperature value which corresponds to a given
decrease in the radiance (e.g. down to 90 %).

The iris diaphragm's aperture is progressively closed and the maxima of the radiance
measured values in the thermographic image of the iris diaphragm are written down.
Hereby, the iris diaphragm's diameter is decreased until the specified radiation proportion
or the temperature value calculated under item 2) is indicated. The aperture diameter
measured is converted into an angle in mrad, the measuring distance being known.
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4) Measurements 2) and 3) are repeated at least five times with the aperture being slightly (i.e.
a few IFOVs) shifted. The maximum field of view of this series of measurements is indicated
at which the radiation signal measured has decreased down to the specified value. A full
measurement curve describing the radiation decrease as a function of the field of view of
the aperture may be indicated. For this purpose, the maximum field of view of each
individual measurement of the repeated measurement series should be indicated.

During the measurement, the iris diaphragm shall not be oriented towards faulty image
elements.

6.11 Spectral range

6.11. General

The spectral range indicates the lower and upper limits of the wavelength range overwhitch the
thermpgraphic camera converts radiation into a measurement signal. For the spectral fange,
the upper and lower limits are indicated at which the relative responsivity has increaged or
decrepsed to 50 % of the maximum value. It is also possible to indicate thelmean wavelength
as well as a full width at half maximum. When determining the spectral respansivity, all elements
of the|optical system of the thermographic camera are taken into account.

NOTE | For very narrow-band spectral ranges, it can make sense to also indicate the maximum and mjnimum
wavelehgths at a clearly lower signal, e.g. 10 %, as well as the percentage of the signal decrease.

6.11.2 Examples of indications

a) Spectral range: 8 ym to 14 um.
b) Siectral range: 5 ym (FWHM 0,6 um).

6.11.3 Test condition, method and procedure for spectral range

A tes{ procedure to determine the spectral range is not part of this document. The sgectral
range|is determined by the manufacturerg

6.12 |Emissivity setting
6.12.1 General

The range and the resolution of the emissivity setting for considering the emissivity pf the
obseryed object shall be specified by the manufacturer and do not require any test provisgions.

The sktting may apply to the full image, but it may also be possible to adjust them sepdrately
for inqividual sections of the image.

6.12.2 Examples of indications

a) Emissivity setting: 0,2 to 1,0 with a resolution of 0,01.

b) Emissivity setting: 0,1 to 1,0 with a resolution of 0,01 (adjustable separately for each image
element).

6.12.3 Test condition, method and procedure for emissivity setting

Checking the function of the emissivity correction is not part of this document. Details on how
to proceed are available from the manufacturer.

6.13 Influence of the internal instrument temperature
6.13.1 General

The technical data, for example the measurement uncertainty and the NETD, shall be generally
valid over the complete operating range of the instrument, i.e. apply to internal temperature,
ambient temperature and ambient humidity, unless otherwise stated. If the measurement
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uncertainty is not valid for the whole internal temperature range of the instrument, an additional
temperature parameter shall be indicated to describe the additional measurement uncertainty
in the event of a deviation of the internal temperature from a specified internal reference
temperature. This parameter is given as the absolute or relative increase in the uncertainty of
the measured value.

6.13.2 Required parameters

For the indication of the additional uncertainty, the reference temperature shall also be
indicated.

6.13.3—Exampilesof-indications

a) Influence of the internal temperature: 0,2 °C/°C (23 °C, 600 °C); additional uncértainty of
the measured temperature at deviation of the internal temperature by 1 °C, based fon an
infernal reference temperature of 23 °C at an indicated temperature of 600 °C.

b) Influence of the internal temperature: 0,2 %/°C (23 °C); additional relative unceftainty
compared to the current measured value at a deviation of the internal temperature by 1 °C
bdsed on an internal reference temperature of 23 °C.

6.13.4 Test condition, method and procedure for influence of'the internal instrumient
temperature

1) The thermographic camera is prepared in an air-conditioned testing chamber of in a
temperature-regulated housing in accordance with 6.1 and then placed centrally in flont of
a |reference radiator of known temperature. The measurement is first carried out|at an
infernal temperature of the camera corresponding\to the reference internal tempefature
indicated by the manufacturer’s specifications..The indicated temperature of the refdrence
rafdiator and the temperature indicated by the.thermographic camera are written down.

2) The ambient temperature is changed in sucty a way that the minimum internal tempefature
of| the thermographic camera according-'to the manufacturer’s specifications is pearly
repched. Sufficient time shall be givep;for thermal stabilizing processes, in accordance with
the manufacturer's specifications;_the stabilizing time of the thermographic camerga may
hgreby be considerably longer than those of the air-conditioned testing chambel. The
ingicated temperature of the reference radiator and the temperature indicated Ry the
thermographic camera are wtitten down. Condensation of water vapour shall be prevented,
for example by purging with'dehumidified air or nitrogen.

3) The ambient temperature’is increased in such a way that the maximum internal tempefature
of| the thermographi¢c: camera according to the manufacturer’s specifications is pearly
repched. The valUes are, as in 2), written down, taking stabilizing times into account.

4) The changestin' the indicated temperatures of the reference radiator in measurgment
sifuations 6.13.4, 2) and 3) are calculated as an additional contribution to the measurgment
urfcertainty-with regard to the reference internal temperature and are then comparefl with
the spgegcifications concerning the admissible influence of the internal temperature.

5) Theumeasurement uncertainties of the reference radiator and of the internal tempefature
measurement shall hereby be taken into account as additional sources of uncertainty. If the
internal temperature of the thermographic camera is not accessible, it is only possible to
use the ambient temperature in the air-conditioned testing chamber or in the housing as a
comparison value, which considerably limits the meaningfulness of this test.

The temperature sensors for temperature control of the testing chamber need to be traceably
calibrated.

If the camera is able to perform an internal non-uniformity correction, this correction should
always be performed after the camera has thermally stabilized at its internal temperature.

NOTE In addition to the measurement uncertainty, the NETD of the camera can depend on the internal temperature
and can be determined with this test method in accordance with 6.3.


https://iecnorm.com/api/?name=2d673551b7cbdb0d921f4031e9285f3f

- 26 — IEC TS 63144-1:2020 © |IEC 2020

6.14 Influence of the humidity
6.14.1 General

The technical data, for example the measurement uncertainty and the NETD, shall be generally
valid over the complete operating range of the instrument, i.e. apply to internal temperature,
ambient temperature and ambient humidity, unless otherwise stated. If the measurement
uncertainty is not valid for the whole operating humidity range of the instrument, an additional
parameter shall be indicated to describe the additional measurement uncertainty in the event
of a deviation of the current humidity from a specified reference humidity. This parameter is
given as the absolute or relative increase in the uncertainty of the measured value.

As a nule no additional uncertainty should occur in this context as the wavelength rangelof the
cametfa should not be sensitive to air humidity and/or a correction function depending ¢n the
measliring distance should be made available by the manufacturer for the influenceof humidity.

6.14.2 Required parameters

For the indication of the additional uncertainty, the reference humidityoand the meaguring
distance shall be indicated.

6.14.3 Example of indications

Humidity influence: 0,1 °C/% relative humidity (50 % relative humidity, 10 m) addjtional
uncerfainty of the measured temperature for a measuring-distance of 10 m at a change|in the
relatiye humidity by 1 % based on a relative humidity of 50 %.

6.14.4 Test condition, method and procedure.for influence of the humidity

Determining the dependence of the measurement uncertainty on the humidity, especially for
longef measuring distances, requires sophisticated apparatuses to create defingd air
condifions. This document does not state; any recommendation about how to carry out|these
measyrements since determining the influence of humidity should not be part of the rputine
metro|ogical characterization of thermographic cameras as this is disproportionately|time-
consuming. As a rule, the manufacturer should provide a correction function for the influence
of air humidity on the measured:temperature. This correction depends on the spectral range of
the cgmera, the measuring distance, ambient temperature and measured temperature.

6.15 |Long-term stability
6.15.1 General

The Igng-term.stability is the reproducibility of measurements repeated over a period of af least
three months.” Similar to a measurement uncertainty, it is defined and its value shoyld be
indicalted either at a rate in °C/month or in °C.

6.15.2 Required parameters

Since the long-term stability depends on the image frequency, the integration time and the
internal temperature of the thermographic camera as well as on the measured temperature,
measuring temperature range and on the ambient temperature, these parameters shall be
indicated. Since the value to be indicated is formed based on the values of an imperfect detector
element matrix, a statement concerning the proportion (in %) of image elements complying with
this value is to be made.

6.15.3 Example of indication

Long-term stability: 3 °C (95 %) over three months 1 °C /month (95 %) for a radiator
temperature of 50 °C, at an image frequency of 50 Hz, an integration time of 1 ms and an
internal temperature of 20 °C.
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6.15.4 Test condition, method and procedure for long-term stability

1) The thermographic camera is prepared in accordance with 6.1 and then placed centrally in
front of a homogeneous reference radiator of known temperature.

2) The temperature of the reference radiator is stabilized at a temperature within the measuring
temperature range of the thermographic camera.

3) The total measuring time of a measurement series should be at least 100 times the imaging
time (1/framerate), but also at least 10 times the response time of the thermographic
camera. For the image elements that are oriented towards the reference radiator, at least
100 consecutive measured values are recorded. From the values of the measured
temperature, the arithmetic mean of each image element is formed. If the simultaneous

p
least ten times the MFOV or thirty times the IFOV) should be used. If a non-ufnifprmity
cdrrection (shutter alignment) is necessary, it should be carried out prioi/ tp the
measurements.

4) The test sequences 1) to 3) are repeated over a period of at least threepmonths, af least
orjce per month at the same temperature of the reference radiator., The thermogfaphic
cgdmera shall be turned off between the test sequences. The manufacturer is allowed to
pgrform an accelerated test in agreement with a procedure based'@n his technical know-
hgw and on his experience. The informative value of the accelerated test shall be checked
by means of comparison measurements using the standard procedure and carried put at
regular intervals.

5) Fqr all image elements, the difference between the maximum and the minimum mean|value
of|the measured temperatures obtained in the test interval are determined. The long-term
stability results from the value of the maximum difference. If this value is divided by the
whole period in which the measurements have béen’carried out, the long-term stability can
alfo be indicated as a rate (in °C/month). Fhe long-term stability of the radiation
temperature of the reference radiator should~be significantly better than the long-term
stpbility of the thermographic camera. Forthe test, the reference radiator shall be |set in
sych a way that the thermographic camera indicates neither its own internal temperature,
ngr the ambient temperature. The ambient conditions should, similar to the conditions for
cdlibration, be complied with; it is intended that the latter will be described in detail [in the
fufure Part 2 of IEC 63144.

The ambient conditions shall corfespond to those prevailing at calibration and be complied with
for the whole duration of the'long-term test. The ambient conditions shall be cafefully
docuIented. Owing to the low number of measurements (i.e. no coverage probability gan be
indicatted), this test shouldinot be deemed excessively significant.

NOTE | The quantitative measurement conditions in step 3), i.e. the number of frames used for the arithmetic mean
calculafion, can be determined differently by manufacturers and sellers of thermographic cameras, if the statistical
significance is maintained.

The manufaeturer may perform the test method as a type test and does not have to perfofm the
test op every individual thermographic camera (routine production test) based on his technical
know+how and experience

6.16 Short-term stability
6.16.1 General

The short-term stability is the reproducibility of measurements repeated over a period of at least
3 hours. It should be indicated either as a rate in °C/h or as the maximum temperature deviation
within a short period of time of several hours.

6.16.2 Required parameters

Since the short-term stability depends on the image frequency, the integration time and the
internal temperature of the thermographic camera as well as on the measured temperature,
measuring temperature range, on the ambient temperature and on the coverage probability
chosen, these parameters shall be indicated. Since the value to be indicated is formed based
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on the values of an imperfect detector element matrix, a statement concerning the proportion
(in %) of image elements complying with this value is to be made.

6.16.3 Example of indication

Short-term stability: 0,25 °C/h (95 %) 1 °C (95 %) over 4 h + 0,5 °C (95 %) over 4 h for a
radiator temperature of 50 °C, at an image frequency of 50 Hz and an internal temperature of
20 °C.

6.16.4 Test condition, method and procedure for short-term stability

1) The thermographic camera is prepared in accordance with 6.1 and then placed centrally in
front of a homogeneous reference radiator of known temperature.

2) The temperature of the reference radiator is stabilized at a temperature within themeaguring
temperature range of the thermographic camera.

3) The total measurement duration of a measurement series should be at least three|hours
within which at least 10 measurement sequences are evenly distributed ovdr the
measurement time. The measuring time of each individual measurement seqlence
cgrresponds at least to 100 times the imaging time (1/framerate)Cof the thermogfaphic
cgdmera. For the image elements that are oriented towards the reference radiator, af{ least
100 consecutive measured values are recorded. If the simultaneous exposure of all [mage
elements is not possible, a measuring spot of a sufficient size-(at least ten times the MFOV
or[thirty times the IFOV) should be used. If a non-uniformity’correction (shutter alignment)
is|necessary, it should be carried out prior to the measuréments. The thermographic camera
shall not be switched off for the whole duration of thexneasurement. In the breaks befween
ingdividual measurements, the objective should be‘covered to prevent an undesired heating
ug of the thermographic camera.

4) From the measured values of each measurement sequence the arithmetic mean vglue is
dqtermined from all homogeneously irradiatéd image elements.

5) Far all image elements, the difference between the maximum and the minimum mean|value
of| the measured temperatures ohtained over the whole measurement duratioh are
dgtermined. The short-term stability results from the value of the maximum differepce. If
th|s value is divided by the whole‘measurement duration, the short-term stability cap also
bqg indicated as a rate (in °C/h)-If the short-term stability is to be indicated as a posifive or
nggative value, then only-half of the calculated difference should be indicated. The ghort-
term stability of the reference radiator should be significantly better than the shorf-term
stability of the thermographic camera. For the test, the reference radiator shall be [set in
sUch a way that the thermographic camera indicates neither its own internal tempernature,
ndr the ambient temperature. The ambient conditions should, similar to the conditions for
cglibration, be.complied with; it is intended that the latter will be described in detail in future
IEC TS 63144-2.

NOTE | The guantitative measurement conditions in step 3), i.e. the number of frames used for the arithmetic mean
calculafion, ‘cah be determined differently by manufacturers and sellers of thermographic cameras, if the statistical
significancé is maintained.

6.17 Repeatability
6.17.1 General

The repeatability is twice the standard deviation of measurements repeated under the same
conditions within a time span of at least three minutes. The repeatability is twice the NETD. The
repeatability indicates the proportion of the measurement uncertainty, determined from the
measurements, which were repeated under the same conditions within a short time from each
other. In the case of simple thermographic cameras, the repeatability can be limited owing to
the achievable temperature resolution.

6.17.2 Required parameters

The measuring temperature, the image frequency and the integration time of the thermographic
camera shall be indicated together with the repeatability. Since the repeatability of certain
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thermographic cameras depends on their internal temperature or on the ambient temperature,
these temperatures shall be indicated for these cameras. Since the value to be indicated is
formed based on the values of an imperfect detector element matrix, a statement concerning
the proportion (in %) of image elements complying with this value is to be made.

6.17.3 Example of indication

Repeatability: 0,1 °C (95 %) for a radiator temperature of 50 °C, at an image frequency of
50 Hz, an integration time of 1 ms and an internal instrument temperature of 23 °C.

6.17.4 Test condition, method and procedure for repeatability

1) The thermographic camera is prepared in accordance with 6.1 and then placed ceptrglly in
frognt of a homogeneous reference radiator of known temperature.

2) THhe temperature of the reference radiator is stabilized at a temperature within the.meaguring
temperature range of the thermographic camera. The greatest expected noise ampl|tudes
may not exceed the limits of the measuring temperature range.

3) The total measuring duration of a measurement series should be at least'three minutgs and
cdrrespond to at least 100 times the imaging time (1/framerate)(of the thermogfaphic
cdmera. For the pixels that are oriented towards the reference radiator, at| least
100 consecutive values of measured temperature are reeorded. If the simultaheous
exposure of all image elements is not possible, a measuring”spot of a sufficient sige (at
least ten times the MFOV or thirty times the IFOV) should be’used.

4) From the measured values, the standard deviationyis ‘formed for each individual [mage
elements. The repeatability is twice the standarddeviation where 95 % of all megsured
ingdividual standard deviations of the single image elements are less or equal. |If the
thermographic camera is significantly heated~up by the reference radiator, a shorter
measuring duration should be selected. The 'noise caused by the reference radiator|or by
additional metrological equipment should~be significantly smaller than the noise pf the
thermographic camera. The bandwidth of\the thermographic camera should not be Ijmited
by the bandwidth of the electronic readout and data acquisition devices. If an autgmatic
ngn-uniformity correction (shutter alignment) of the thermographic camera falls withjin the
measurement interval, this condition should be repeated in all measurement series.

NOTE | The quantitative measurement conditions in step 3), i.e. the number of frames used for the standard dgviation
calculafion, can be determined differently by manufacturers and sellers of thermographic cameras, if the statistical
significance is maintained.

6.18 |Interchangeability (spread of production)
6.18.1 General

The ipterchangéability (spread of production) is half the maximum deviation betwegn the
measlirementresults of two thermographic cameras of the same type which are operated junder
identigal conditions. The measurement results of any two thermographic cameras of the|same
type that(are operated under identical conditions therefore deviate by less than twice the|value
of the-mterctrangeabitity—The numericat-vatue of theinterchrangeabitity does ot mecessarily
correspond to the value of the measurement uncertainty. The interchangeability is an important
characteristic for production monitoring in the event that a thermographic camera has to be
replaced with another one of the same type.

6.18.2 Required parameters

The measured temperature, the image frequency and the integration time of the thermographic
camera shall be indicated together with the interchangeability. Since the interchangeability of
certain thermographic cameras depends on their internal temperature or on the ambient
temperature, these temperatures shall be indicated for these cameras. Since the value to be
indicated is formed based on the values of an imperfect detector element matrix, a statement
concerning the proportion (in %) of image elements complying with this value is to be made.
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6.18.3 Example of indication

Interchangeability: 0,5 °C (95 %) for a radiator temperature of 50 °C, at an image frequency of
50 Hz, an integration time of 1 ms and an internal instrument temperature of 23 °C.

6.18.4 Test condition, method and procedure for interchangeability (spread of
production)

1) At least three thermographic cameras of the same type are required to determine the
interchangeability.

2) The first thermographic camera is prepared in accordance with 6.1 and then placed centrally
in front of a homogeneous reference radiator of known temperature.

3) THe temperature of the reference radiator is stabilized at a temperature within the measuring
temperature range of the thermographic camera. The greatest expected noise@mpl|tudes
may not exceed the limits of the measuring temperature range.

4) The duration of a measurement series shall be at least 100 times the€ imagind time
(1fframerate), but also at least 10 times the response time of the thermographic camera.
Far the pixels that are oriented towards the reference radiator, at.least 100 consefutive
vglues of measured temperature are recorded. If the simultaneous*‘eéxposure of all |[mage
elements is not possible, a measuring spot of a sufficient size (at least ten times the MFOV
or[thirty times the IFOV) should be used. If a non-uniformity carrection (shutter alignment)
is [necessary, it should be carried out prior to the measurements.

5) THhe test sequence 2) to 4) is carried out for at least two-further thermographic camejras of
the same type. The temperature of the reference radiator shall be stabilized to the[same
temperature during each individual test sequence,

6) Fqr all image elements, the difference between.the maximum and the minimum mean|value
of| the measured temperatures of all thermographic cameras are determined| The
inferchangeability is the value of half the maximum difference. Identical and stable ambient
cgnditions shall be ensured during the test of all thermographic cameras. During the test,

the temperature stability of the reference radiator shall be significantly better thgn the

inferchangeability of the thermographi¢ cameras.

NOTE | The quantitative measurement conditions in step 4), i.e. the number of frames used for the maximpm and
minimum mean value calculation, can bé._determined differently by manufacturers and sellers of thermopraphic
camerds, if the statistical significance isunaintained.

6.19 |Response time
6.19.1 General

The r¢sponse timelis' the time interval between the instant of an abrupt change in the vglue of
the input parameter (measured temperature/measured radiation) and the instant from whigh the
output signal'of the thermographic camera remains within specified limits of its final palue.
Herelly, the output signal is a measured value that is accessible to the user from outside the
thermpgfaphic camera and can, for example, be determined as an electric voltage, a figital
signalloras an image. If the response times for increasing and decreasing temperature jumps
for a thermographic camera differ from each other, then both values should be indicated. The
response time depends on the type of detector technology used and on the signal processing
within the thermographic camera until the output signal is available. Fundamental differences
exist between synchronized and unsynchronized image acquisition, as well as between
quantum detectors and thermal detectors. In the case of synchronized image acquisition, there
is, in contrast to the unsynchronized acquisition, a constant temporal interval between the input
signal and integration. Figure 4 shows the time curve with the resulting response time g and

exposure time ¢, for a thermographic camera with a quantum detector in synchronized

operation, without phase shift or in the best possible case in unsynchronized operation. Figure
5 shows, for the same thermographic camera, the worst possible case in unsynchronized
operation.
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Figure 4 — Synchronous signal acquisition for a quantum detector
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with a fhermal detector (microbolometer); assumption: the image recording period corresponds to the thermal time
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Figure 6 — Asynchronous sighal acquisition for a thermal detector (best case)
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KFigure 7 — Asynchronous signal acquisition for a thermal detector (worst case))

NOTE Further delay times can occut*ewing to additional signal and image processing outside the thermopraphic
camerq; these are only exemplarily taken into account in the representations shown. Different modes of operation or
output pignals can therefore result in different values of the response time.

NOTE 2 The relative change'in the bolometer temperature owing to the radiation signal as it is represented ir] Figure
6 and Higure 7 does not correspond to the actual bolometer temperature, which is, in addition, significantly influenced
by the gampling.

6.19.2 Required parameters

For thie given response time, the size of the temperature jump (start and end value) as well as
the limits/at which the measurements take place shall be indicated. The chosen integratiop time
and réfresh e-have-to-be-given differences-occurfor-differen pes-of-output-signald, then

the corresponding output signal shall be indicated.
6.19.3 Example of indication

Response time: 5 ms, synchronized for 90 % of the maximum value at a temperature jump from
25 °C to 95 °C in the measuring temperature range from 20 °C to 100 °C, based on the digital
image signal with an integration time of 5 ms.

6.19.4 Test condition, method and procedure for response time

The test method describes a procedure allowing the time required to reach 90 % of the full
deflection of a thermographic camera with synchronized image acquisition to be determined,
corresponding to an abrupt change in the incident radiance, starting from a thermal radiation at
ambient temperature to reach a radiance close to the upper limit of the measuring temperature
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range. The response time can also be defined as another percentage of the full deflection, for
example 99 % (see IEC TS 62492-1:2008, 4.1.1.16.3). In this case, the test method shall be
adapted correspondingly.

1) The thermographic camera is prepared in accordance with 6.1 and then placed centrally in
front of a homogeneous and temporally stable radiation source of known temperature. The
inhomogeneity and the temporal instability of the radiation source shall be better than 1 %
during the measuring time of the test procedure. There are two possibilities:

— A shutter is installed in front of a reference radiator; it shall open quickly enough
(max. 10 % of the response time).

— The radiation source is a two-dimensional and quickly variable radiation source with an
appropriate wavelength. The rising time of the radiation source shall be smalleeLthan

10 % of the response time of the thermographic camera. This can be achievgd, for
example, by means of an LED (or diode laser) which is operated with a pulse_gengrator
and is located, for instance, behind an integrating sphere or a beam expansion dgvice.

2) The shutter is opened so that it does not cover the reference radiator or the xadiation qource
is|switched on in continuous operation, and the signal output of the théermographic camera
is| recorded with a fast image acquisition device (e.g. the conitol computer ¢f the
thermographic system). In the case of a thermal radiator, the thermographic camefa will
ngw indicate the true temperature. In the case of an LED, its powefr supply current shall be
adjusted until the desired temperature indication is reached.;The temperature ind|cated
sHall not exceed the measuring temperature range of the thermographic camera. The|value
ingicated at the beginning of the measuring range is determined by closing the shutter so
that it covers the reference radiator or by setting the-radiation source to a valug that
cqgrresponds to the starting temperature. The 100 % value is the difference between the two
measurement values (e.g. the measured stationary values corresponding to the refgrence
rafdiator with shutter open and shutter closed).

3) Now, a radiation pulse is generated by opepning the shutter for a short time or by swijching
the radiation source on for a short time\Between its lower and upper reference rad|ance.
The thermographic camera records these as output signal pulses. Hereby, the radiation
pylses shall be long enough to meagure the temperature jump determined under 2)|as an
odtput signal, and they shall be at feast three times as long as the imaging time.

4) The response time is now the time measured between the start of the radiation pulge and
the instant when 90 % of the(stationary value of the output signal pulse are reached.

5) Using a thermographic camera with quantum detectors and synchronized image acqujsition
repults in a responsettime with less dispersion, whereas the values determined fpr the
repponse time withsatvunsynchronized image acquisition system may differ by one inmaging
time. Each measurement shall therefore be repeated over a large number of pulses (at
le@st 50), until ‘a.reliable value for the maximum response time is reached. This maximum
vglue is thewalue to be stated.

6) Aftentionsshall be paid to using the test method only while the thermographic camfera is
oferated+in the temperature mode; no (possibly automatic) correction or calibration rputine
may‘take place at the same time.

6.20 Exposure time
6.20.1 General

The exposure time is the time span in which the abruptly varied input quantity (measured
temperature/measured radiation) shall be applied for the output signal of the thermographic
camera to reach a specified percentage of the stationary value for a continuous input quantity.
Hereby, the output signal is a measured value which is accessible to the user from outside the
thermographic camera and can, for example, be determined as an electric voltage, a digital
signal or as an image. Indicating the exposure time is important for thermographic cameras
whose response time exhibits a significant delay time and which are used to measure fast
temperature changes. The exposure time, similar to the response time, depends on the type of
detector technology used and on the signal processing within the thermographic camera and
until the output signal is available. The following parameters in the figure captions of Figure 4
to Figure 7 contains more details.
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6.20.2 Required parameters

For the given exposure time, the size of the temperature jump (start and end value) as well as
the limits at which the measurements take place shall be indicated. The chosen integration time
and refresh rate have to be given.

6.20.3 Example of indication

Exposure time: 60 ms (unsynchronized) for 90 % of the maximum value at a temperature jump
from 25 °C to 95 °C in the measuring temperature range from 0 °C to 120 °C, based on the
analogue image signal with a refresh rate of 50 Hz.

6.20.4 Test condition, method and procedure for exposure time

The tést method describes a procedure allowing the time required to reach 90%,of the full
defledtion of a thermographic camera to be determined, corresponding to an abrupt chapge in
the incident radiance, starting from a thermal radiation at ambient temperature to repch a
radiarnjce close to the upper limit of the measuring temperature range. The.response time can
also be defined as another percentage of the full deflection, for example;99 %. In this cade, the

test method shall be adapted correspondingly.

1) The thermographic camera is prepared in accordance with 6(1T and then placed centrglly in

front of a homogeneous and temporally stable radiation sotrce of known temperaturT. The
inhomogeneity and the temporal instability of the radiation source shall be better than 1 %
dyring the measuring time of the test procedure. There are two possibilities:

— | Ashutter is installed in front of a reference radiataop; it shall open and shut quickly epough
(max. 10 % of the response time).

— | The radiation source is a two-dimensionakand quickly variable radiation source with an
appropriate wavelength. The rising timé of the radiation source shall be smallef than
10 % of the response time of the thermographic camera. This can be achievdd, for
example, by means of an LED (or diode laser) which is operated with a pulse gengrator
and is located, for instance, behind an integrating sphere or a beam expansion dgvice.

The shutter is opened so that it.does not cover the reference radiator and/or the radiation
sdurce is switched on in contifuous operation, and the signal output of the thermogfaphic
cgmera is recorded with asfast image acquisition device (e.g. the control computer pf the
thermographic system). In_the case of a thermal radiator, the thermographic camerg shall
ndw indicate the true temperature. In the case of an LED, its power supply current shall be
adjusted until the desired temperature indication is reached. The temperature ind|cated
shall not exceed theé measuring temperature range of the thermographic camerg. The
temperature indication for the starting temperature close to the ambient temperature is
dgtermined by closing the shutter, so that it covers up the reference radiator or by detting
the radiation 'source to a value corresponding to the starting temperature. The 100 %|value
is| the _difference between both measurements (e.g. the measured stationary values
cqgrresponding to the reference radiator with shutter open and shutter closed).

N3 . shutte 35 o swiching
the radiation source on for a short time between its lower and upper reference radiance.
The thermographic camera records these as output signal pulses. Hereby, the radiation
pulses shall be long enough to measure the temperature jump determined under 2) as an
output signal.

Now, the pulse width of the radiation source is progressively reduced until the temperature
indication is only a certain proportion of the stationary signal (e.g. 90 % of the maximum
indication). The current pulse width is now the exposure time.

Using a thermographic camera with quantum detectors and synchronized image acquisition
results in an exposure time with less dispersion, whereas the values determined for the
exposure time with an unsynchronized image acquisition system may differ by one imaging
time. Each measurement shall therefore be repeated over a large number of impulses (at
least 50), until a reliable value for the maximum exposure time is reached. This maximum
value is the value to be stated.
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