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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS - PULSE-ECHO SCANNERS -

Simple methods for periodic testing to verify stability
of an imaging system’s elementary performance

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardi t|on comprising
all national electrotechnical committees (IEC National Committees). The objécN of to promote
international co-operation on all questions concerning standardization in the eleeg{fi ctromic fields. To
this end and in addition to other activities, IEC publishes International Stan@dards, i

Technical Reports, Publicly Available Specifications (PAS) and Guid as “IEC

with the International Organization for Standardization (ISO) i
agreement between the two organizations.

Publications is accurate, IEC cannot be held respo
misinterpretation by any end user.

In order to promote international uniformit pittees undertake to apply IEC Publications
7 i wal and regional publications. Any divergence
between any IEC Publicatiog regional publication shall be clearly indicated in

the latter.

z
o
o
=3
E
<
w
>0
L
©

3 employees, servants or agents including individual experts and
members of its te i FC National Committees for any personal injury, property damage or
other damage_of & 9 whether direct or indirect, or for costs (including legal fees) and

expenses ayising. ob pubh: atlon, use of, or reliance upon, this IEC Publication or any other IEC
Publications

Attention i wn\tQ the Narmative references cited in this publication. Use of the referenced publications is
indispe pplication of this publication.

Attention is dra e possibility that some of the elements of this IEC Publication may be the subject of
not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a Technical
Specification when

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 62736, which is a Technical Specification, has been prepared by IEC technical
committee 87: Ultrasonics.
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The text of this Technical Specification is based on the following documents:

Enquiry draft Report on voting
87/576/DTS 87/592A/RVC

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

Terms in bold in the text are defined in Clause 3. Symbols and formula e in Times New

Roman italic.

The committee has decided that the contents of this publication
the stability date indicated on the IEC website under "http://«

e transformed into an International Standard,
e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued alater date.

W,
n the ¢Yver page of this publication indicates

dered to be useful for the correct
uld therefore print this document using a
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that it contains u
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colour printers
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INTRODUCTION

An ultrasonic pulse-echo scanner produces images of tissue in a scan plane by sweeping a
narrow pulsed beam of ultrasound through the section of interest and detecting the echoes
generated by reflection at tissue boundaries and by scattering within tissues. Various
transducer types are employed to operate in a transmit/receive mode to generate/detect the
ultrasonic signals. Ultrasonic scanners are widely used in medical practice to produce images
of soft-tissue organs throughout the human body. As ultrasound systems are usually
employed under rigorous time restrictions and in diverse environments to help make decisions
often critical to patients’ well being, it is important that the systems perform consistently at the
level provided and accepted in initial tests, e.g. those of IEC 61391-1 and IEC 61391-2. This
document provides methods to verify the stability of an imaging system’s elementary
performance.

The most common of the failures, in all but the oldest
subperformance of a transducer-array element or lens or
Sensitive image uniformity tests for these transducer- and

y (Level 3). With
approximately 14 % transducer-failure rate and 10 9 ‘ i per year on first
testing [1],[2],[31,[41,[51,[6].[7].[81.[9],[101,[111,[12], S approximately, 100000
systems worldwide routinely performing subopti i )stj ams for part of the year.

valudtion procedures to promote
widespread use of effective QC
ers believe, however, that existing
any tests and inappropriate tests for
diagnostic ultrasound systems during

CRT displays. Howé isplays.gan still exhibit Iumlnance drift, as well as problems
such as defective is still nece’ssary to evaluate them periodically.
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ULTRASONICS - PULSE-ECHO SCANNERS -

Simple methods for periodic testing to verify stability
of an imaging system’s elementary performance

1 Scope

This document specifies requirements and methods for periodic testing of the quality of
diagnostic medical ultrasound systems with linear array, curved linear ayray, single element,
annular array, phased array, matrix linear array transducers and twod{dimensiqnal arrays.

This document also defines terms
maintenance or quality control) the
ultrasound B-MODE scanners, thoug
applied.

- g for measuring (for quality
ive depth of penetration of real-time
neasure is listed as less frequently

e three-dimensional scanning probes based on a combination of the above types.

Transducers not readily amenable to transducer-element testing by the simple image-
uniformity procedures specified (for example, phased array and 2D-array transducers) are
tested only partially by maximum relative depth of penetration. System manufacturers are
encouraged to provide pulsing patterns of the transducer elements to allow testing of
individual elements or small-enough groups of elements to enable users to detect significant
element failure or to provide access to another implemented and explained element-test
program. Dedicated Doppler systems are excluded from coverage here as specialized
equipment is required to test them. This test equipment can be specific to the intended
application of the Doppler system.

All scanners considered include basic pulse-echo techniques. The failures to be detected by
the recommended pulse-echo tests also will affect the operation of other modes, such as
colour-flow, harmonic-, elasticity- and compound imaging. The test methodology is applicable
for transducers operating in the 1 MHz to 17 MHz frequency range and could be made
applicable up to 40 MHz, if the depth of penetration were allowed to be relative, rather than
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absolute, and phantom stability were verified [15]. Image-uniformity QC is applicable to
transducers operating in the 1 MHz to 40 MHz frequency range as the requirements for
phantoms are not stringent.

NOTE Phantom manufacturers are encouraged to extend the frequency range to which phantoms are specified to
enable relative depth-of-penetration tests of systems operating at fundamental and harmonic frequencies above
17 MHz.

2 Normative references

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

IEC 60050-802, International Electrotechnical Vocabulary — Part 802:
<http://www.electropedia.org>)

IEC 61391-1, Ultrasonics — Pulse-echo scanners — Part 1 s for’calibrating spatial
measurement systems and measurement of system poip b 1 esponse

IEC 61391-2, Ultrasonics — Pulse-echo scanners — : pf of maximum depth of
penetration and local dynamic range

3 Terms and definitions

For the purposes of this document, th
following apply.

ISO and IEC maintain

addresses: §>
e |EC Electropedia;

smallestaddressablte grouyp of transducer elements

3.2
echo from weakly reflecting, background scatterers

echoes from many small targets in which the scattered field is much less intense than the
incident field

3.3

maximum depth of penetration

maximum range at which the ratio of the mean, digitized, B-mode-image data corresponding
to images displaying echoes from weakly reflecting, background scatterers to the mean,
digitized, B-mode-image data corresponding to images displaying only electronic noise equals
1,4, when the echoes from weakly reflecting, background scatterers are generated in a
phantom with properties meeting the specifications of IEC 61391-2.

Note 1 to entry: The maximum depth of penetration is expressed in metres (m) and conventionally in
centimetres (cm).


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

maximum relative depth of penetration

maximum range at which the ratio of the mean, digitized, B-mode-image data corresponding
to images displaying echoes from weakly reflecting, background scatterers to the mean,
digitized, B-mode-image data corresponding to images displaying only electronic noise equals
1,4, when the echoes from weakly reflecting, background scatterers are generated in a
phantom with properties meeting specifications more relaxed than those of IEC 61391-2

Note 1 to entry: The adjective “relative” is used because the phantom specifications defined in this document are
so loose that measurements of the “maximum range” with different phantoms cannot be compared. The
measurements are only for tests of stability, i.e. comparisons between measurements on the same phantom over
time.

Note 2 to entry: For available phantoms and specifications see [16] and for a potenti ernative measure of
depth of penetration see [17]

Note 3 to entry: The maximum relative depth of penetration is expressed in mg
centimetres (cm).

entionally in

3.5

median absolute deviation

MAD

median of the absolute value of the deviations from the me

Note 1 to entry: The MAD is similar to the standard deviation
squared deviations, it is more resilient to outliers [18].

3.6
performance evaluation
tests performed to assess specific absg

3.7
phantom <D
device designed )

training

3.8
specific atten
attenuation™espe

JThe specific attenuation coefficient, expressed in decibels per centimetre per megahertz

Note 1 to entrTy
), makes thg explicit assumption of linear dependence of the attenuation coefficient on frequency.

(dB cm~'MHz"

3.9

quality control

QcC

regularly performed procedures to assure consistent performance

Note 1 to entry: A more descriptive term is quality maintenance; quality assurance is also used.

3.10
equivalent sensitivity
sensitivity that is statistically the same or has smaller variance and bias

4 General recommendation

The manufacturer’s specification should allow comparison with the results obtained from the
tests described in this document.
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5 Environmental conditions

All measurements should be performed within the following ranges of ambient conditions:

— temperature, 23 °C + 16 °C for uniformity tests; 23 °C + 3 °C for other measurements;
— relative humidity, 10 % to 95 %; 45 % to 75 % for relative depth of penetration;

— atmospheric pressure, 66 kPa to 106 kPa; 86 kPa to 106 kPa for relative depth of
penetration.

Properties of ultrasound phantoms, such as speed of sound, backscatter coefficient and
attenuation coefficient, are known to vary with temperature. The specifications published by
the phantom manufacturer should be consulted to determine whether the-expected acoustic
properties are maintained under the above environmental conditions. If n nvironmental
conditions over which expected and reproducible results can be obtainé phantom or
test object should be adopted for tests.

6 Quality control levels

6.1 General

) checks, to be performed monthly by the
equipment, only record keeping. They are
simple to perform and
equivalent se it
See Table 1.

erpretability to end users, may be employed.

Outline of Level 1 tests

<Test \ Evaluation Possible subsequent actions

Visual Level 2 tests or maintenance
(immediately or at interval specified
by the manufacturer)

Inspecti

Damage to
housing

Damage to cable
Stable wheel mounts

Clean air filters

Image uniformity Visual with clean transducer face Level 2 tests or maintenance
held in air

Monitor function Visual Level 3 tests, adjustments or

maintenance

Hard copy and image storage Visual Adjustments or maintenance

function

Performance in clinical use Ask users whether any changes in Level 2 or 3 tests, adjustments or
or insufficiencies in the system maintenance

performance have been observed.
Record and investigate any
observations mentioned by users or
interpreters
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