INTERNATIONAL IEC
STANDARD 61223-3-1

First edition
1999-03

Part 3-1:
Acceptance tests

imagerie des appareils
ent X pour systemes radiographiques
ciposcopiques

Reference number
IEC 61223-3-1:1999(E)



https://standards.iteh.ai/catalog/standards/iec/2a0a68b3-da05-4f06-8511-1f6b1e0a0c0e/iec-61223-3-1-1999

Numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series.

Consolidated publications

Consolidated versions of some IEC publications including amendments are
available. For example, edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the
base publication, the base publication incorporating amendment 1 and the base
publication incorporating amendments 1 and 2.

Validity of this publication

The technical content of IEC publications is kept under constant reyie
thus ensuring that the content reflects current technology.

¢ |EC web site*

» Catalogue of IEC publidations
Published yearly with regilar upda
(On-line catalogue)*

* |EC Bulletin
Available hoth at the IE Webnd as

referred to |EC 60050: International

ted periodical



https://standards.iteh.ai/catalog/standards/iec/2a0a68b3-da05-4f06-8511-1f6b1e0a0c0e/iec-61223-3-1-1999

INTERNATIONAL IEC
STANDARD 61223-3-1

First edition
1999-03

Part 3-1:
Acceptance test

dioscopiques

U IEC 1999 O Copyright - all rights reserved

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 the publisher.

3, rue de Varembé Geneva, Switzerland

International Electrotechnical Commission
IEC web site http://www.iec.ch

Telefax: +41 22 919 0300 e-mail: inmail@iec.ch

Commission Electrotechnique Internationale PRICE CODE X
International Electrotechnical Commission
MemayHapoaHaa OnekrpotexHuueckaa Homuccua

For price, see current catalogue



https://standards.iteh.ai/catalog/standards/iec/2a0a68b3-da05-4f06-8511-1f6b1e0a0c0e/iec-61223-3-1-1999

—2- 61223-3-1 © IEC:1999(E)

CONTENTS
Page

LT Y ] o I 4
INTRODUCTION Lottt ettt et e et et et et e e e et e e et e ettt e e et e e eea e eeanaeeenns 5
Clause
1 SCOPE AN ODJECT .o e 6

I R Yol o] o 1S PP PRPPUIN

1.2 OOt

Normative references ........ccovveiveiiieeiiinieee e G\
3 TerminolOgy ....oceviiiiiie e NG NN

3.1 Degree of requirements
3.2 Useofterms ...cccoiiiiiiiiiiiee e,

3.3 Defined terms

4.1
4.2
4.3
4.4
4.5
4.6

51
5.2
5.3
5.4
5.5
5.6

5.7 *ATTENUATION RATIO of material between the PATIENT and the X-RAY

IMAGE RECEPTOR .. tuttttttte et eae e et e et et e et ettt et ettt a e ettt e e et e e et e a e e e a e e e e eaeneneenees 18
5.8 *AUTOMATIC EXPOSURE CONTROL (AEC) .iituiitueiineiieii et eei e e e et e e eeae et e et e eaaeseeanns 18
5.9 LINE PAIR RESOLUTION fOr DIRECT RADIOGRAPHY ....uitiiiiiiieiiaei et et e e ens 20
5.10 * AIR KERMA area pProduct iNAICAIOr ........oviuiiiiiiiieiiie e 20
Test methods fOr RADIOSCOPY EQUIPMENT . .tuuutititieiettiteteaeee et aeneeseasaeaaniaeaeiteraniaraeaees 20
6.1 Visual and fUNCHONAl 1SS .. .iuii it e 20
6.2 X-RAY TUBE VOLTAGE ... iuttittuit ettt et et et et et et et et et ettt et e et e e e e et e e et e e e eaeenenens 21
LS T o 7Y =01 1y o N 21
6.4  FOCAL SPOT Of the X-RAY TUBE ...ttt ettt e e e eaas 21
6.5 Functioning of the AUTOMATIC EXPOSURE RATE CONTROL (AERC) ....ccvuiivniinneiineiinaennnes 21

6.6 Limitation of the extent 0f the X-RAY BEAM .....iuiiiiiiiiiiiiie et 22


https://standards.iteh.ai/catalog/standards/iec/2a0a68b3-da05-4f06-8511-1f6b1e0a0c0e/iec-61223-3-1-1999

61223-3-1 © IEC:1999(E) ~3-

Clause Page

6.7 ATTENUATION RATIO of material between the PATIENT and the X-RAY

LY T = 3 =] =1 = 10 ] = 23
6.8 *AIR KERMA RATE at the ENTRANCE PLANE of the X-RAY IMAGE INTENSIFIER

(oY 2T\ n1 L0 FSYoX o] = 2O 23
6.9 *Entrance AIR KERMA RATE for RADIOSCOPY with X-RAY IMAGE INTENSIFIER................ 24

6.10 AIR KERMA at the ENTRANCE PLANE of the X-RAY IMAGE INTENSIFIER for
CINERADIOGRAPHY or other INDIRECT RADIOGRAPHY systems (excluding digital
L5351 (= 18 1) 1S 25

6.11 Entrance AIR KERMA for CINERADIOGRAPHY or other INDIRECT RADIOGRAPHY systems

6.12 *LINE PAIR RESOLUTION for RADIOSCOPY with X-RAY IMAGE INTEKSIFIER

6.13 *LOW CONTRAST RESOLUTION for RADIOSCOPY with X-R
CINERADIOGRAPHY or other INDIRECT RADIOGRAPHY &V
SYSTEIMS) Lottt e N\

6.14 AIR KERMA area product indicator.............../l.c.co. .0
7 Additional tests required for TOMOGRAPHY EQ
7.1 *Requirements
7.2 Testmethod..........cooovviivi o NG NG

Annex A (normative)

Annex B (informative)
Annex C (informé;?)
Annex D (informative

Annex E (infor

Tables
B.1 Testp DOIS AN UNILS ... e 39
D.1 Typical values op FOCAL SPOT dimensions for NOMINAL FOCAL SPOT VALUES .................. 42
D.2 Values for the discrepancy parameters X, Y and Z according to IEC 60601-1-3.......... 43
D.3 Typical values for the TRANSMISSION KERMA INAEX ... cuiuiiiiiiiiiiiii i 43
D.4 Typical values for the ATTENUATION RATIO of material between the PATIENT

anNd the X-RAY IMAGE RECEPTOR ...t uttututt ettt et et e et e et e et e e e e e e e et e et ettt et e e e eaaenaanees 44
Figures
1 Measuring arrangement for RADIOGRAPHY and RADIOSCOPY EQUIPMENT for AIR KERMA

TS TR =T 01T oL T PP PTPPRN 31
2 Measuring arrangement for RADIOGRAPHY and RADIOSCOPY EQUIPMENT to test geometry

AN FESOIULIONS ..ttt 32
3 LINE PAIR RESOLUTION TEST DEVICE ..tutuitiineit et eeeeen e eee e eea s een e e anen e eenneaennen e 33
4 TOMOGRAPHY LINE PAIR RESOLUTION TEST DEVICE....itutuitiitititieneteieietaeeeeeieeeneeneneenens 34
5 Discrepancies in visual indication of the X-RAY FIELD ......ccviiiiiiiniiiiiiieiecieeeeieeea 35
6 Discrepancies in covering the IMAGE RECEPTION AREA .....uuiuiuitiiaieeieeieeiaeieaeenaennas 35


https://standards.iteh.ai/catalog/standards/iec/2a0a68b3-da05-4f06-8511-1f6b1e0a0c0e/iec-61223-3-1-1999

—4- 61223-3-1 © IEC:1999(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

EVALUATION AND ROUTINE TESTING
IN MEDICAL IMAGING DEPARTMENTS -

Part 3-1: Acceptance tests —
Imaging performance of X-ray equipment
for radiographic and radioscopic systems

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organizati {n fo

entrusted to technical committees; any IEC National Committee
participate in this preparatory work. International, governmental and no
with the IEC also participate in this preparation. The IEC collabgorate
for Standardization (ISO) in accordance with condition
organizations.

2) The formal decisions or agreements of the IEC on gtec

3) The documents produced have the form of reeqmm

4) In order to promote international unificatio
Standards transparently to i
divergence between the IE
indicated in the latter.

their national and regional standards. Any
ing national or regional standard shall be clearly

5) The IEC provides no m its—dpproval and cannot be rendered responsible for any

equipment declared to be i i } standards.
6) Attention is drav fthe ibi 8 elements of th|s International Standard may be the subject

of patent rights. The’l

The text dy 2d on the following documents:
‘\/ FDIS Report on voting
> 62B/361/FDIS 62B/365/RVD

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

Annex A forms an integral part of this standard.
Annexes B, C, D and E are for information only.

In this standard, the following print types are used:

— requirements, compliance with which can be tested, and definitions: roman type;

— explanations, advice, notes, general statements, exceptions and references: smaller roman type;

— test specifications: italic type;

— TERMS DEFINED IN IEC 60788, IN IEC 60601-1 OR IN THE IEC 61223 SERIES: SMALL CAPITALS (SEE
ANNEX A).

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

This standard is part of a series of International Standards which give methods of acceptance
testing and constancy testing for subsystems and systems (for example diagnostic X-RAY
EQUIPMENT), including film processing, used in medical imaging departments.

Some provisions or statements in this standard require additional information. Such information
is presented in annex D. An asterisk in the left margin of a clause or subclause indicates the
presence of such additional information.

@%
S
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EVALUATION AND ROUTINE TESTING
IN MEDICAL IMAGING DEPARTMENTS -

Part 3-1: Acceptance tests —

Imaging performance of X-ray equipment
for radiographic and radioscopic systems

1 Scope and object

1.1 Scope

This part of IEC 61223 applies to those components of X-RAY
image quality and PATIENT dose of diagnhostic X-ray systems usi
imaging systems.

— radiography equipment, for example;
« stationary radiography EQUIPMENY
e mobile radiography EQUIPMENT;
e skull radiography EQUIPMENT;

e angiograp
* CINERADIOGRAR

mentioned diaghostic X-RAY EQUIPMENT.

NOTE - Since the characterization of digital detectors and image processing is still under development, this will be
included in a later edition of this standard.

This standard does not apply to mammographic X-RAY EQUIPMENT, RADIOTHERAPY simulators,
nor to dental X-RAY EQUIPMENT.

1.2 Object
This standard defines:

a) the parameters which describe the performance of X-RAY EQUIPMENT with regard to imaging
properties and PATIENT dose;

b) methods of testing whether measured quantities related to those parameters comply with
the specified tolerances.
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These methods rely mainly on non-invasive measurements, using appropriate test equipment,
performed during or after the installation is completed. Signed statements covering steps of
product testing at the MANUFACTURER's site or during the installation procedure can be used as
part of the acceptance testing.

The aim is to verify compliance of the installation with specifications relating to the image
quality and PATIENT dose, and to detect malfunctions that are not in agreement with those
specifications.

This standard does not specify tolerances for the parameters under investigation. Nor does it
consider:

c) aspects of mechanical and electrical safety,

d) aspects of mechanical, electrical and software performance unless ntial to the

performance of the tests directly affecting image quality and PATH

2 Normative references

safety of high-voltage

generators of diagnostic X-ray generators

IEC 60601-2-28:1993, Medical electrical equipment — Part 2: Particular requirements for the
safety of X-ray source assemblies and X-ray tube assemblies for medical diagnosis

IEC 60788:1984, Medical radiology — Terminology

IEC 60878:1988, Graphical symbols for electrical equipment in medical practice

IEC 61223-1:1993, Evaluation and routine testing in medical imaging departments — Part 1:
General aspects

IEC 61267:1994, Medical diagnostic X-ray equipment — Radiation conditions for use in the
determination of characteristics

ISO 2092:1981, Light metals and their alloys — Code of designation based on chemical symbols
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3 Terminology

3.1 Degree of requirements

In this standard, certain terms which are not printed in SMALL CAPITALS have particular
meanings, as follows:

"shall" indicates a requirement that is mandatory for compliance;
— "should" indicates a strong recommendation that is not mandatory for compliance;
- "may" indicates a permitted manner of complying with a requirement or of avoiding

the need to comply;

— "specific" is used to indicate definitive information stated in this sta

— "specified" is used to indicate definitive information stated
ACCOMPANYING DOCUMENTS or in other documentati
under consideration, usually concerning i

compliance.

3.2 Use of terms

defined in IEC 60601-1,

@rr dingyterm is printed in lower case letters.

definition given in one of the publications listed {abov

3.3 Defined terms

3.3.1

ARTIFACT
apparent struct
and which cannot

3.3.2

NOTE — LINE PAIRRESOLUTION is used here as a practical substitute for spatial resolution.

3.3.3

LOW CONTRAST RESOLUTION

lowest contrast detail object of a specified shape and area that can be resolved from an
uniform background

3.34

RADIATION OUTPUT

AIR KERMA per CURRENT TIME PRODUCT (MGy/mASs) at a given distance from the FOCAL SPOT in
the primary X-RAY BEAM

3.35
TRANSMISSION KERMA (TRANSMISSION KERMA RATE )
AIR KERMA (AIR KERMA RATE) in the central X-RAY BEAM behind the specified attenuating layer
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4 General aspects of ACCEPTANCE TESTS

4.1 General conditions to be considered in test procedures

The aim of an ACCEPTANCE TEST is to demonstrate that the specified characteristics of the
equipment lie within the specified tolerances. Some requirements are enforced by legislation.
Other requirements and specifications may be in the order contract, in the supplier's brochure
or in other standards, for example in the IEC 60601 series.

Before any ACCEPTANCE TEST according to this standard is carried out, the EQUIPMENT has to be
installed and put into service according to the set-up procedure as given in the
MANUFACTURER'S documentation.

protocols shall be compiled. Each item shall be identified by its
(type number) and SERIAL NUMBER, and the entire inventory shal
contract.

RADIOGRAPHIC CASSETTES Wwith INTENSIFYING SCREENS, RADfQGRAR
are vital parts in the imaging chain. It is the responsibitity of_t

Non-invasive measurements are preferrs
part of the programme, it shall be sho
condition after the test.

medical practice a
functionality of th
tested;

nd whether this results in a limitation of the scope of the tests or of the
EQUIPMENT. If certain functions are disabled, only those used need to be

— guidance as to the extent and frequency of maintenance procedures;
— reports on previous tests where applicable;

— list of agreed technical modifications in the meantime between the order contract and the
ACCEPTANCE TEST.

4.3 Test conditions
Different categories of tests can be identified:

— visual inspection;
— functional tests;
— system performance;

— check of the uncertainty in the values of variables.
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The measuring arrangements which may be used for performing tests are illustrated in
figures 1 and 2.

Figure 1 includes the measuring arrangement for the TRANSMISSION KERMA, Ky, or the
TRANSMISSION KERMA RATE, KT, and the X-RAY IMAGE RECEPTOR AIR KERMA, Kg, or the X-RAY
IMAGERECEPTOR AIR KERMA RATE, Kg, and the test parameters derived from them.

Figure 2 includes the measuring arrangement to test geometry and resolutions.

The arrangements in figures 1 and 2 are indicative only. The test may be carried out in the
vertical or the horizontal position according to the mode of operation of the EQUIPMENT. Not
every component in the figures is needed in every test.

The distance between the additional attenuating layer and the % KERMAMETER
(KERMA RATEMETER) shall be not less than 250 mm.

NOTE - For the effects of SCATTERED RADIATION, see 4.5.4.

4.4 Test parameters

The following it@r
— identification o"EQ

— limitation andNpdication of the extent of the X-RAY BEAM,;
— FOCAL SPOT;

— TOTAL FILTRATION;

— RADIATION OUTPUT;

— TRANSMISSION KERMA (TRANSMISSION KERMA RATE);

— function of the AUTOMATIC EXPOSURE CONTROL;

— ATTENUATION RATIO;

— AIR KERMA (AIR KERMA RATE);

— AIR KERMA (AIR KERMA RATE) at the ENTRANCE PLANE of the X-RAY IMAGE INTENSIFIER;
— LINE PAIR RESOLUTION;

— LOW CONTRAST RESOLUTION;

— optical density (for AUTOMATIC EXPOSURE CONTROL test).

Annex B lists symbols and units for some of the above items.
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4.5 Test equipment including PHANTOMS (ATTENUATION devices) and TEST DEVICES
45.1 General

Measuring equipment used for ACCEPTANCE TESTS shall be certified (for example calibration
according to national or international regulations, if applicable).

The uncertainty of measuring instruments shall be less than one-third of the specified
tolerances for the quantities being measured.

4.5.2 High-voltage measuring instrument

VQLTAGES within

The high-voltage measuring instrument shall measure the value of X-RAY 7
the specified range. Instruments based on either direct or indirect meas

4.5.3 KERMAMETER

The KERMAMETER (KERMA RATEMETER) shall have a range suffi sure the AIR KERMA
(AIR KERMA RATE) within the required accuracy for the systep
for the applied beam qualities.

If legal regulations require the use of other dosimetri

The following requirem

a) External dimensions
PHANTOM din@n :
for all test conditighs

b) ATTENUATION @&

A PHANTOM of atomic number material (for example TISSUE EQUIVALENT MATERIAL) is
used to test the function of the AUTOMATIC EXPOSURE CONTROL, for example 10 cm, 15 cm or
20 cm of water.

For some tests lead layers (1 mm to 2 mm thick) are needed to make lead masks or for the
shielding of direct and indirect RADIATION.

c) Effects of SCATTERED RADIATION with various measuring arrangements

In all tests care shall be taken to reduce SCATTERED RADIATION to a minimum. If it is likely
that SCATTERED RADIATION will significantly affect the measurement, the correction factor
shall be determined and used in calculating the results.

d) Beam limiting TEST DEVICE

The beam limiting TEST DEVICE shall comprise structural elements for testing the centring,
limitation and indication of the extent of the X-RAY BEAM as marking elements and a matrix
with intervals of 1 cm made of RADIATION absorbing material.

These structural elements should be of such material and arranged in such a way that the
function of the AUTOMATIC EXPOSURE CONTROL is unaffected.
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e) LINE PAIR RESOLUTION TEST DEVICE

The TEST DEVICE shall comprise line-group test patterns with a lead thickness of 0,05 mm
and grid groups with local frequencies of 0,6 Ip/mm to 5,0 Ip/mm with a gradation of
less than or equal to 20 % from group to group. The outer dimensions are for example
55 mm x 65 mm; see figure 3.

f) Low CONTRAST RESOLUTION TEST DEVICE

There are many devices available to measure the LOW CONTRAST RESOLUTION. If this
parameter is measured, the results should be recorded together with the description of the
TEST DEVICE used.

The detail diameters shall be such that their resolution is neither enhanced nor degraded by
the frequency response of the X-RAY IMAGE INTENSIFIER-television system (imaging system).
For examples, see annex C.

455 Lens

A magnifying lens shall be available. A 2 x to 6 x magnification i

45.6 Densitometer

The densitometer shall cover the optical density rangg 0 tq 3,

4.5.7 Additional inspection and p S RAY EQUIPMENT

Holder for metallic slab tervals (or the TEST DEVICE described
above with additional ay inclination of the short axis of the test
pattern of 20° to 45X to the p e RATIENT)SUPPORT. The holes in each row of the test
pattern shall be at suck interval of 1 mm in the direction of height;

- TOMOGRAPHY@
Pinhole DIAPHR

A line-group.test p h aTead thickness of between 0,05 mm and 0,10 mm and grid
groups of 0,5 Ip/mm to 4 Ip/mm with a gradation of less than or equal
to 40 group. The outer dimensions are for example 42 mm x 110 mm; see

4.6 Evaluating the_te&st results

Whenever specified limiting values or tolerances are not met, verify the results by making at
least two additional measurements.

In the evaluation of the results concerning limit values (upper or lower), the uncertainty in the
measurement shall be taken into consideration.
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