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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

C 2016

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization'co
all national electrotechnical committees (IEC National Committees). The object of IEC (s, to

interpational co-operation on all questions concerning standardization in the electrical and eléectronic f
this ¢nd and in addition to other activities, IEC publishes International Standards, Technieal Speci
Techpical Reports, Publicly Available Specifications (PAS) and Guides (hereafter,‘referred to

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National\Committee ir|
in thle subject dealt with may participate in this preparatory work. International;~gévernmental ¢
govefnmental organizations liaising with the IEC also participate in this preparation.”IEC collaborate
with [the International Organization for Standardization (ISO) in accordanceAwith’ conditions detern
agre¢ment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as’nearly as possible, an inte|
consgnsus of opinion on the relevant subjects since each technical¢comimittee has representation
inter¢sted IEC National Committees.

ublications have the form of recommendations for internatiohal use and are accepted by IEC
ittees in that sense. While all reasonable efforts are made/to ensure that the technical conten

arently to the maximum extent possible in their national and regional publications. Any di
betwgen any IEC Publication and the corresponding national or regional publication shall be clearly ind
the Itter.

IEC {tself does not provide any attestation of‘conformity. Independent certification bodies provide c
assepsment services and, in some areas,-access to IEC marks of conformity. IEC is not responsiblg
servites carried out by independent certification bodies.

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

No lipbility shall attach to IEC of,its directors, employees, servants or agents including individual exp
mempers of its technical committees and IEC National Committees for any personal injury, property dg
othell damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal fg
expepses arising out of(the publication, use of, or reliance upon, this IEC Publication or any o
Publications.

Atterftion is drawn to'the Normative references cited in this publication. Use of the referenced public
indispensable forthé correct application of this publication.

Attenftion is drawh to the possibility that some of the elements of this IEC Publication may be the s
patent rights;tEC shall not be held responsible for identifying any or all such patent rights.
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exceptional circumstances, a technical commiitee may propose the publication of a Te
Specification when

chnical

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
Roman

The co

IN bold In the text are detined In Clause o. bymbols and tormulae are In Linj
italic.

es New

mmittee has decided that the contents of this publication will remain unchange¢d until

the stgbility date indicated on the IEC website under "http://webstore.iec.ch"” in the data

related|to the specific publication. At this date, the publication will be

e transformed into an International Standard,

e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issuedat a later date.
IMPORTANT - The 'colour inside' logo-on the cover page of this publication indicates
that |it contains colours which are considered to be useful for the correct
undefstanding of its contents. Users should therefore print this document using a
colour printer.
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An ultrasonic pulse-echo scanner produces images of tissue in a scan plane by sweeping a
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
-tissue organs throughout the human body. As ultrasound systems are usually
ed 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
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INTRODUCTION

perforn

This dd

often alccepted, or remains undetected in the absence of unequivocal and decumente
bst common of the failures, in all but the oldest systems nearing”retirement, are
formance of a transducer-array element or lens or of a cable or, lelectronic channel.
ve image uniformity tests for these transducer- and channel-failures are presented in
cument for use monthly (Level 1), biannually (Level 2) and”biennially (Level J). With
mately 14 % transducer-failure rate and 10 % system-failure rate per year on first
[11,[2],[31,[4].[51,[61,[71,[81,[91,[10],[11],[12], there are) ¥ery approximately, 100000

The m
subper
Sensiti
this do
approx
testing
system

This ca

to stapdardize quality-control (QC) and performance-evaluation procedures to p
bd efficacy of diagnostic examinations d¢hrough widespread use of effective QC
ires and to dispel myths as to their utility.” Proposers believe, however, that gxisting
| standards and guides [13],[14] specify too many tests and inappropriate tgsts for
ng and discriminating the commonJ\flaws in diagnostic ultrasound systems |during
QC. These practices include testsiZsuch as spatial resolution, which are low-yi¢ld and

improv
proced
nationg
detecti
routine
belong

Modern
CRT d
such a

ance.

s worldwide routinely performing suboptimal diagnosticiexams for part of the yegr.

in performance-evaluation procedures, rather than QC.

5 defective pixels. It is still necessary to evaluate them periodically.

cument is deemed necessary because substandard ultrasound system performpnce is
i tests.

mmon occurrence of suboptimal diagnostic examinhations has created an urgent need
romote

flat-panel display technology is more stable than, and generally far superior to | earlier
splays. However, LCD(djsplays can still exhibit luminance drift, as well as prpblems
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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 dpcument specifies requirements and methods for periadic testing of the quality of
diagnosgtic medical ultrasound systems with linear array, curved linear array, single(element,
annulaf array, phased array, matrix linear array transducers and two-dimensienal |arrays.
Image |nterpretation and measurement workstations are included. Usually, “periodic tedting” is
referred to here as “quality control”. This document represents a minimum set of such tests
intendqd for frequent users of medical ultrasound systems, for quality contfol-professignals in
their @rganization, or those hired from other quality-control and/or service-provider
organizations. System-manufacturing and repair companies might-well employ other or
additiopal tests. The tests are defined in three levels, with the/simplest and modt cost-
effectiye performed most frequently, similarly to [1]. More complete tests for accgptance
testing| and for assessment at times of particular importancé/er concern are specified in
IEC 61B91-1, IEC 61391-2 and IEC TS 62791 [15]. These' more complete tesfs are
categofized as performance evaluation, rather than quality control or frequent periodic {esting.

This document also defines terms and specifies’methods for measuring (for [quality
maintepance or quality control) the maximum relative depth of penetration of rdal-time
ultrasopnd B-MODE scanners, though this penetration measure is listed as less frefjuently
applied.

Frequent distance-measurement accuracy‘tests are recommended only for certain clagses of
position encoding that are not now known to be highly stable and without bias.

The types of transducers used with'these scanners include:

e mec¢hanical probes;

e eleg¢tronic phased arrays;
e linejar arrays;

e curyed arrays;

o twofdimensional arrays;

e thrge.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 document (influding
any amendments) applies.

IEC 60050-802, International Electrotechnical Vocabulary — Part 802: Ultrasonics (available at
<http://Mww.electropedia.org>)

IEC 61B91-1, Ultrasonics — Pulse-echo scanners — Part 1: Techniques for calibrating|spatial
measufement systems and measurement of system point spread function response

IEC 61B91-2, Ultrasonics — Pulse-echo scanners — Part 2: Measurement of maximum depth of
penetration and local dynamic range

3 Terms and definitions

For thg purposes of this document, the terms_afd definitions given in IEC 60050-802 and the
following apply.

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

o |EQ Electropedia: available at http://www.electropedia.org/

e |IS{ Online browsing platform: available at http://www.iso.org/obp

3.1
addregsable patch
smallest addressable group of transducer elements

3.2
echo from(weakly reflecting, background scatterers
echoeg from many small targets in which the scattered field is much less intense than the
incidentfietd

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).
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um 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 t
depth of

Note 3 t
centimet

3.5

median absolute deviation

MAD
median

Note 1 t
squared

3.6

performance evaluation

tests p

Note 1 t
and rep4g
life evall

3.7
phantg
device
training

3.8

specific attenuation coefficient

attenusd

Note 1
(dB cm~

3.9

b entry: For available phantoms and specifications see [16] and for a potential alternative me
penetration see [17]

entry: The maximum relative depth of penetration is expressed in metres (m) and ‘conventi
Fes (cm).

of the absolute value of the deviations from the median of a-data set

entry: The MAD is similar to the standard deviation but, as theimedian of linear deviations ra
deviations, it is more resilient to outliers [18].

brformed to assess specific absolute performance of the object tested

entry: Typical times for ultrasound system performance evaluation are at pre-purchase evaluaf
ired system acceptance testing [19],[20],[21],J22],[1] at time of performance difficulties, and end
ations. They are recommended for performance in Level 3 QC tests, though that is not required.

m
designed to mimic some.(@spects of the human body for the purposes of teg

tion coefficient-divided by the frequency

b entry:. \The specific attenuation coefficient, expressed in decibels per centimetre per m
MHz  Y).-makes the explicit assumption of linear dependence of the attenuation coefficient on freq

asure of

onally in

her than

ion, new
pf useful

ting or

egahertz
lency.

quality
QcC
regular

control

ly performed procedures to assure consistent performance

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

3.10
equiva

lent 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

C 2016

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

WTMWWWWWMMOUSHC
ies are maintained under the above environmental conditions. If not, the envirérimental

the ph
proper
conditi

6 Quality control levels

6.1

These

Small facilities with a single ultrasound system might not be expected to perform Level

except

General
evels are based on the time required for performance ‘and the interval betwee

for distance-measurement variance and bias or when problems are suspected t

bns over which expected and reproducible results can be obtained from thé phamntom or
test obJect should be adopted for tests.

n tests.
3 tests
hat are

not rapjidly addressed by a service call. These levels are similar to those recommended by the

Europdan Federation of Societies in Ultrasound in Medicine and Biology [1].

6.2 Level 1 tests
Level 1 tests are short-duration (approximately 5 min) checks, to be performed monthly by the
ultrasolind system users, which require ;no’special equipment, only record keeping. They are
simple [to perform and record with limited practice. Alternative methods of proven and at least
equivalent sensitivity, as well as’ interpretability to end users, may be employed.
See Table 1.
Table 1 — Outline of Level 1 tests
Test Evaluation Possible subsequent acfions
Inspection for: Visual Level 2 tests or maintenance
(immediately or at interval specified
Damgga to transdueér-face or by the manufacturer)
housin
Damaggp to cable
Stable whéel 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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While both Level 1 and Level 2 tests are simple, it may be helpful to have a quality control
professional, such as a medical physicist or hospital engineer, involved, to assure initiation of
the tests and adequate record maintenance over an extended period of time.

6.3 Level 2 tests

Level 2 tests are performed every six months by users or QC professionals. They are simply
Level 1 tests plus a more sensitive version of the image-uniformity test and any other tests
indicated for special conditions such as mechanically scanned transducers. This more
sensitive image-uniformity test is performed with a phantom and averaging of a cine loop. See
Clause 9. Alternative methods of proven and at least equivalent sensitivity and
interpretability to end users may be employed.

6.4 evel 3 tests

Level B tests are performed by QC professionals every two years. They are”designed to
detect pr verify defects that are less frequent than those detected by the image-unifornfity test
and they require more specialized, stable phantoms. These tests include as a mipimum:
Levels|1 and 2 tests, plus measurement of maximum relative depth{of penetratign, and
systeml and interpretation-image displays. Distance-measurement variance and bias tests are
require(d initially on some systems and regularly on others. See Fable 2 and Clause 10. The
maximum relative depth of penetration and optional measdres are recommended to be
absoluie, as in performance evaluations, to allow comparison ‘with results from other sites,
but thi$ is not required. These measures should be self-consistent to detect changeqg in the
ultrasojind systems tested over many years. Acceptancé tests and other full-perfomance
evaluations are part of complete quality control but aremreated separately because they are
coverefl by other standards already described. Several Level 3 procedures are specified by
reference. In large medical systems with many inexpensive ultrasound systems, Leve| 3 and
even llevel 2 tests on all scanners might beg,hard to justify. In these situations| rapid
replacgment followed by repair or recycling inresponse to concerns from Level 1 test$ might
be appropriate, with Level 3 tests of perhaps 10 or 20 of the units every other year. I small,
possibly isolated, practices, Level 1 tests should be performed and every effort made to
obtain Levels 2 and 3 quality control and correction of malfunctions.

Table 2 — Outline of Level 3 tests additional to those in Table 1

Test Evaluation Possible subsequent actions
maximpm relative depth of See 10.2; Preferably absolute as in Adjustment or maintenance
penetration IEC 61391-2:2010, 7.1
System- and interpretation-image Tests listed here Adjustment or maintenance
displayp
Distande-measurement and bias See 10.4 and IEC 61391-1:2006, 7.4 | Adjustment or maintenance
Contrast-detail detectability IEC TS 61390:1996, 6.3.2.3 [23] Adjustment or maintenance
(optiongh)

Spatial resolution (optional) IEC TS 62791 [15] or, in lateral, axial | Adjustment or maintenance
and elevational directions, IEC TS
61390:1996, 3.12, 6.3.2 [23], or, in
lateral and elevational directions
combined, IEC TS 62558 [24].
Evaluation of QC program Assess the QC program, check that Adjustment of procedures
appropriate actions are taken to correct
problems, identify areas where QC
testing may be improved.

In large hospitals and clinics with many inexpensive, as well as high end, ultrasound systems,
Level 3 and even Level 2 tests on all scanners might be hard to justify. In these situations,
rapid replacement followed by repair or recycling in response to concerns from Level 1 tests
might be appropriate, with Level 3 tests of perhaps 10 or 20 of the units every other year. In
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small, possibly isolated, practices, Level 1 tests should be performed and every effort made to
obtain Levels 2 and 3 quality control and correction of malfunctions.

7 Eq

uipment and data required

7.1 General

The test procedures described in this document should be carried out using tissue-mimicking
phantoms and electronic test equipment, together with digital-image data acquired from the
ultrasound scanner.

7.2
7.21
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1 These include, for example, ATS Labs; Bridgeport, CT, USA (www.atslabs.com); CIRS, Norfolk, VA, USA
(www.cirsinc.com); Gammex/RMI, Middleton, WI, USA (www.gammex.com), and Kyoto Kagaku Co., Ltd, Kyoto,
Japan (http://www.kyotokagaku.com). This information is given for the convenience of users of this document and

does

not constitute an endorsement by IEC of these products.
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Dimensions: The phantom should provide a uniformly scattering
and attenuating field that extends to a depth of at
least 6 cm.

7.2.3 Phantoms for both Level 2 and Level 3 quality control

“Maximum relative depth of penetration” is used here, rather than “maximum depth of
penetration”, as defined in the referenced standard (IEC 61391-2), because more expensive
and perhaps less robust test objects, which are required for the absolute measurements
defined in that standard, are not absolutely required for quality control. However, absolute
measures are recommended, using phantoms defined in IEC 61391-2 to allow comparison of
a user’s current system performance with publrshed values and those values obtained in that
user’s
followir
acoustic-properties requrrements though not its stability requrrements are relaxed here for
facilitiels using the same phantom for a long period of quality-control testing, ‘or.a series of
phantoms having consistent properties.

Phantogm material requirements for Level 3 QC over 1 MHz to 17 MHz are:

Speed fof sound (SOS): (1540 + 20) m s, to avoid substantial complications.

When speed of sound in the phantom is not as assumed by the ultrasound system, the
foclis will be displaced and degraded. These are minor €ffects in the consistency [checks
of quality control. However, speed of sound is of gréat concern in checking for djstance
measurement error unless that has been tested carefully in Level 3 performance tests and
consistency tracked carefully in quality control> When filaments are included with
apdropriate spacing to simulate 1540 m s31)SOS for each of the scan geometries
avdilable on the ultrasound system, then (1500 + 80) m s~1 at 3 MHz is tolerable. This
latter extreme flexibility is allowed with great warnings because of the convenience and
longevity of urethane rubber phantoms_at, typically, 1450 m s=1. However, for the majority
of Jltrasound systems, those that assime 1540 m s~! propagation speed, different|groups
of fllaments are required, carefully.spaced for their depth in the phantom to give urjbiased
distance measurements for phased arrays and linear arrays. Filament placemenf on an
angular arc specifically matchedto the curvature and placement of curved linear arrays or
to the placement of phased arrays is necessary. With any deviation of machine-agsumed
of the
filaments, or in assumed curvature of the linear array will cause errors in lateral djstance
measurements?). In(other words, it is impossible for a single set of filaments to provide
corfect lateral distance measurements for different curved linear-array curvatureg or for
curyed arrays_andlinear arrays. These lateral/azimuthal and axial distance measurement
proplems are\fiot encountered for the increasing number of ultrasound systems that have
an |adjustment for speed of sound that can be set to that of the phantom when the
fila ents or other targets are placed at their expected distances. It i ave the
ays for
ip with
curvature cIose to that (wrthm a certaln tolerance) of the transducer as can be seen easily
on the image of the filaments.

Phantom stability:

Specifications should be met for a period of at least 5 years, warranted for that period by
the phantom’s manufacturer. The warranty can include the expectation of regeneration, for
example, via replacement of solution lost to desiccation, if procedures and costs are
specified. A method of testing for stability of the phantom within specifications should be
provided. In many cases, a manufacturer’s labelling of the mass of the phantom and time
interval at which weight should be tested can meet this need. When a phantom is starting
to desiccate, as water-based phantoms do, or otherwise decay, transition of existing QC

2) Lateral is referred to as azimuthal with phased arrays.
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data to that with a new phantom is possible, if the two phantoms have consistent acoustic
properties. If such a transition is attempted, note clearly the time of the change.

(1,00 + 0,11) g cm=3 stable to within + 0,02 g cm=3

Density:

Specific attenuation coefficient:

Backscatter coefficient:

(0,7 + 0,2 / = 0,05) dB cm~'MHz=" in the 1 MHz to

17 MHz frequency range

(3 x 104 cm~'sr-1) + 10 dB relative to this number

at 3 MHz with dependence on “frequency to
("), where 1 < n < 4 from 1 MHz to 17 MH

the n”
z for a

combination image-uniformity and relative-depth-of-

penetration phantom.
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ions:

position error:

7.3 Image data

7.3.1

Level

Digital-image data
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IEC 61391-1:2006.

and
S may
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ject to
See
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penetrption, are)best applied to digital-image data derived from the ultrasound scannefr being

evalua
locatio

300 x J

ed. This requires knowledge of image-pixel brightness (grey) levels for all
ns/in.the image. Digitized image data typically are in a matrix consisting of 3
0Qvpixels and at 8 bits (255 levels) of grey-scale resolution. Availability

spatial
t least

of and

downloading of image data with the maximum resolution computed in the system is
recommended. For more detailed performance evaluation, particularly for premium and mid-
level machines, RF or IQ data are desired by many users. As described in Annex B, software
is offered commercially and free that is purported to simplify acquisition of these data, their
recording, storage and immediate and long-term analysis.

Scanners for which this document applies may be grouped according to the source of the
digital-image data. The first group includes systems for which digital-image data are directly
available from the scanner or over an image-transfer network. Sources of digital-image data

from this group include the following:

a) Direct DICOM [33] — images from the scanner.
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Image data in a DICOM-format are available on most scanners. Software capable of
transferring and opening DICOM-formatted images is available at no cost
[http://rsbweb.nih.gov/ij/].3)

b) Other digital-image files available from the scanner itself, lossless if available.

This method is used by most scanner manufacturers for in-house quality-control testing
and image-processing development. Many file types are acceptable for QC work as long
as adequate resolution is maintained. Capabilities often exist to extend the method for use
by clinical personnel using, for example, file-transfer-protocol (ftp) resources.
Alternatively, many scanners provide image files on removable media, such as USB-thumb
drives, magneto-optical disks, zip disks, or CD-ROM, and these are appropriate sources of
digital-image data as well. Full-screen capture is available on many systems, sometimes

b torina A cinala oA rathar thaon o Al A 1A~
y stering-a-single-imageratherthan-a-einetoop-

The segcond group of scanners includes those simpler devices that do not provide djgitized
image fdata directly but provide standard video signals, i.e. image data that can| be captured
into a [computer and then analysed. For these, increasingly rare, scannersy)d videg-frame
grabber may be used to acquire digital-image data. The video-signal grabbing hag to be
providgd under stable conditions to minimize signal distortions. Specificlcare and aftention
has to pe taken for the following aspects.

e Thqg input dynamic range of the video-frame grabber should Be;adjusted to accommodate
the|maximum signal amplitude of the video output.

e Thqg digitizing amplitude resolution (given by the pixel-byte size) shall be better than that
of the grey-scale resolution of the video-output signal. A minimum of 8 bits or 256 grey
levels is necessary.

o Conversion-function linearity has to be assured.

e Thqg display spatial resolution (given by the>pixel size) of the digital picture shall be at
least as good as original video line density.‘of the image.

e Thqg video-capture frame rate of the yideo-frame grabber shall be high enough tp allow
acdluisition of data to keep up with input data rates, if the imaged field is moved. Keep in
the difference between scanning frame rate and output video frame rate.

e A chble matched for input/output-impedance has to be used to avoid reflections in the line.
¢ Imgge test patterns are required for scanner display testing.

In worgt-case situations the_ ultrasound system’s display screen can be photographed under
low light conditions and~with repeatable photographic settings and field of view, but|this is
more djfficult to contrgl quantitatively.

7.3.2 Image-archiving systems
Many |maging>centres use commercially available Picture Archiving and Communication
Systems (RACS) for viewing and storing ultrasound-image data. Manufacturers of| PACS
systemis\tUsually provide means to acquire images in a minimally compressed 'tiff' (Tagged
Image File Format), or an uncompressed format, such as a raw or a DICOM-format, to work
stations that have access rights to the image data.

Clips are sometimes only sent from the ultrasound scanner in compressed format. Those clips
can be sent with compression minimized and eliminated, if possible. Or, as long as
compression ratio/quality factor is kept constant over time, useful QC measurements can be
made from compressed clips, as long as all system settings affecting the measures such as
gain, output, focal zones, are kept constant. It is strongly recommended that all such settings
be maintained consistently through all QC-testing between the same and similar systems
through use of QC-presets.

3) This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of this product.
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In worst case situations the ultrasound system’s display screen can be photographed under
low light conditions and with repeatable photographic settings and field of view, but this is
more difficult to control quantitatively.

7.4 Expectations of system suppliers

With some arrays, such as phased arrays and most 2D arrays, clinical imaging systems never
form transmit- or receive-beam apertures of a very small number (N = 1 to 10) of sequential
elements. Thus the loss of one or a few elements will never show up in a uniform phantom as
a substantial loss of signal in N of the scan lines. This beam formation and scanning with
small numbers of elements is usually done in near-field focal zones of linear and curved-linear
arrays. Availability of this test sequence should be described clearly and prominently (for
example, n the Index and table of contents) in the operator s manual or in a well-publicized
supplement thereto. The sequence should allow testing of each transducer element| or the
small iumbers of elements selected for transmit and receive apertures. Ideally~if)5 afjacent
elemerts are combined in the lateral direction for transmit and receive, the:néxt aperture
should|drop one element on one end and add another on the other end of the apertute, and
so on.|The number of elements in each transmit aperture and each recejve aperture|of this
sequerijce and their sequencing should be specified in the documentation.”For 2D arrgdys and
other arrays where beam formation and scanning with a small number-of elements is ngt done
clinically, at least for short depths, a test sequence should be provided to allow the|simple
QC-tea\s of all addressable patches, or small groups of addressable patches of trarjsducer

elemerts and channels, as provided in this document. Small grouping of addressable
patches may be reported to enable some disguise of proprietary transducer addfessing
methods. A better alternative is a list of necessary statistics on patch responses that|should
be agrged upon by user groups and the system supplier and reported. This should jnclude
locations of outliers, without necessarily giving a total number or size of patches.

Manufgcturer-provided electrical tests for which there are strong data showing & good
correlition with these QC-measures and which provide a mapping and summary of glement
performance may be employed by the -user. However, the QC-tests described |in this
document should be performed at leasttwice a year to verify that the provided tepts are
adequdtely sensitive.

Manufgcturers should provide system display test patterns necessary for the display [testing
described in 10.3 and within the time frames specified there. These patterns should beg easily
accessjble and employed by the end user. The capability for calibrating the system digplay to
the DIGOM grey-scale standard display function should also be provided [33]. Optimal display
calibrafion is appropriate“and important for the ultrasound-scanner display since, in pfactice,
this digplay is used for diagnostic interpretation.

For compliance_with this document, manufacturers should provide a description of how to
recovef presets (reference settings with complicated sets of parameters), since such gettings
are affected-by software updates. They should provide a capability to rapidly recover such
settings.

8 Level 1 test methods

See 6.2 and [1] for additional information on those tests which should be performed and
results recorded at least monthly. Inspect all equipment, including scanner, monitor,
transducers, and scan table, to make sure all mechanical components are fully intact, and all
mechanical systems are functional. Pay particular attention to power cables, wheels
supporting the system, air filters, and transducers. Check the transducer face for lens damage
and delamination, casing for cracks as a potential shock hazard, and cable insulation and
grommets for wear. Adjust settings at the most reproducible positions consistent with
obtaining the necessary images.

The image-uniformity test is a visual assessment looking for vertical stripes or other abnormal
banding in the images, similar to those described in detail in the Level 2 test. Clear the
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transducer face of any gel or other materials. Adjust settings as in the Level 2 tests, except
increase the gain such that electronic noise can be barely seen, if possible. Most
element/channel defects of serious, immediate clinical significance will be detected visually.
If the gain cannot be increased enough to show electronic noise in usual settings, it may be
possible to do so in engineering/service settings.

In the hard copy and image storage, verify that the images presented to interpreting and
referring physicians show essentially the same features as on the ultrasound system display
and, that the ultrasound system display shows what is seen on the interpretation copy.

These results/observations should be recorded in a QC-record book in paper or digital form
and should be acted upon in a timely manner

9 Lejel 2 measurement methods

9.1 Mechanical inspection

As in Uevel 1, inspect all equipment, including scanner, monitor, transducers, and scan table,
to make sure all mechanical components are fully intact, and allkmechanical systems are
functiopal. Pay particular attention to power cables, wheels supporting the system, air| filters,
and trgnsducers. Check the transducer face for lens damage‘«and delamination, caging for
cracks |Jas a potential shock hazard, and cable insulation and grommets for wear.

9.2 Image uniformity for transducer element and_chanhnel integrity
9.2.1 General

The imjage-uniformity test is primarily a test of-ineffective transducer elements or theif signal
channgls. Measurement results will depend ‘on the system transducer, frequency, gnd the
operating conditions and mode. These shall be specified and repeated for consistent QC-
measufements that can be repeated. \for detection of change as well as detecfion of
unacceptable image uniformity.

9.2.2 Apparatus scanning.procedures and system settings

These |tests are designed\for use in pulse-echo imaging mode, but might be adapted to
Doppler and other modes when desired or needed for possible increased sensitivity. Utilize a
phantom that meets either of the sets of specifications in 7.2. Place the transducer in g liquid-
filled well or employ.a coupling gel or lotion. All arrays, including convex arrays |should
contac{ the phantom over the entire emitting surface. When this is not possible for p large
convex array, (the tests may be performed with more difficulty using multiple views that
togethgr cover the entire emitting surface. For tests other than elevational-djstance
measufements, a 3D/4D-mode capable probe, comprising a 2D array or a mechanically
scanning.linear array can be operated in 2D-mode with the convex array or linear arr;y fixed
in position. Thus, It can be assessed as a linear or convex array. Specific settings for other
tests such as maximum depth of imaging tests are provided in 10.2.2.

e Set the imaging to the shortest focal zone possible, with no spatial compounding.

e Set the displayed dynamic range to a relatively low value; ~50 dB is recommended to
maximize the image contrast, making artifacts more conspicuous.

e Set image depth to the smallest value that still shows the entire transducer face. This can
result in smaller transmit and receive apertures and smaller image pixel size.

e Overlapping of annotations on the image shall be avoided.

e Set output power at the maximum, if possible without saturating image pixels, and
increase gain to maximize signal level near zero depth, while avoiding saturation near the
maximum pixel values.
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o Disable the speckle reduction and any artifact-removal (particularly shadow-removal)
algorithms, if possible.

o Except as otherwise noted, settings, such as frequency, should be in typical positions that
are used clinically, preferably at the preset (default) settings presented by the system for
the most common application and body habitus for that system and the transducer under
test. All of the values for these settings should be recorded.

e While the choice of the particular grey-scale characteristic curve is not very important for
these tests, the setting shall be reproducible. If possible, without having to measure the
characteristic curve as detailed in IEC 62563-1 [34] and [35], the grey-scale characteristic
display curve should be set to the one which has the most purely logarithmic compression,
a stra|ght line in image- plxel value as a functlon of logarithmic recelved signal IeveI with a
50 L curve
choice and dynamic range settlngs always should be set the same.

e Obtain help, if necessary, on finding these and other settings affecting QG-=resujts and
recprd them, so that they can be reset, if another operator has changed them:

o All pettings should be recorded and stored in QC-uniformity- and penetration-test| preset
files to make reproducible tests practical with the more complex §ettings. Many| of the
setfings are recorded when only a single image, as opposed to a_cine loop, is stored.

e TGC should be set to the most useful and then reproducible settings possible. Mos{ useful
is for uniform brightness with depth. Often “most reproducible” is flat TGC af either
extfeme of maximum, minimum or middle gain.

e Ph3sed- and 2D-arrays require special imaging sequences from the system manufacturer
as gpecified in 7.4. With those arrays, employ the-System test sequence provided|by the
sysfem supplier, following any special directions_pravided.

o All pettings should be recorded and stored in<QC-uniformity- and penetration-test| preset
fileg to make reproducible tests practical mith the more complex settings. Many| of the
setfings are recorded when only a single image, as opposed to a cine loop, is stored.

e Sigpal processing settings, such as logarithmic compression, speckle reduction, and other
pretprocessing functions, as well as’ image-display settings, such as post-procgessing,
should be in typical positions that'are used clinically, as mentioned above, and recorded.

9.2.3 Image acquisition

Some practice is required to obtain test data consistently. The image acquisition procedure is
as follgws.

e Spread couplingiget'smoothly over the scan path.

o Preps the trafisducer lightly to create a thin layer of gel under the transducer with a|supply

end of

i ' ' y tilting
the transducer about its contact line with the phantom Perform the sweep or sweep and
tilt at a speed that allows, during the sweep, acquisition of almost a full cine loop of
images or 100 or more images.

e Record the images to a location where they can be processed or retrieved for processing.

¢ Clean the scan path, repeat gel distribution and repeat this acquisition for a consistency
check.

e Repeat until consistency is obtained (IEC 61391-2:2010).

e When cine loop capabilities are not available, record images as rapidly as possible as the
transducer is scanned slowly over the phantom.
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9.2.4  Analysis

For high sensitivity, compute the median-averaged image value a;; over all images, k = 1 to N,
in the sweep and/or sweep and tilt, for each pixel at coordinate i,j. The resulting, highly
averaged image should reveal drops in image brightness in the pixels below compromised
transducer elements or channels. To quantify the image brightness non-uniformity, compute
the median pixel value in depth over at least 10 % of the image depth, for example, from
2 mm to 20 mm in each ray in the image, while avoiding noisy sections of the image.
For linear arrays that means simply averaging the image-pixel values in each column at
depths over that range, from 3 mm to 10 mm. The hashed lines in Figure 1 (right) are added
to show this region of axial averaging, over a smaller range of 2 mm to 8 mm. This collection
of median values as a function of pixel number along the transducer surface forms the lateral
profile fgure ef—Fhis—processing—is—perfermed—using—any—enre—ef—many—ayailable
software applications for this type of task. The task can be performed fairly easily incgeneral-
purposg software or uniformity-specific software4).

Severa| narrow losses, or a multi-element loss greater than 6 dB, are considered defects. A
criterioh other than 6 dB and based on statistics of the profile is given betow. Three dgfective
elements well-separated from each other is the greatest number of defective elements usually
allowed. With a 50 dB dynamic range and reasonably logarithmic compression, a loss greater
than orequal to 6 dB would be displayed as a dip greater than or equal to one-tenth of|the full
grey-lejvel range, or 26 on the 256-level scale shown in Figure."}! Some experience |will be
required in learning to interpret these data. Performance of transducers with unaccgptable
defectq by this criterion should be compared with results ofytests by the service proyider or
other measurements, such as complete transducer-face.imaging or a complete electrigal test
of the| elements (Annex D). Other specifics of measurement with available spegialized
software, including production of profiles with convex linear arrays, are given in Annex B.

Nledian Pixel Level in Image Column, over 3-10 mm Range
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Figure T — Median-averaged image (right) and its lateral profile (Teft)

On the right side is a median-averaged image derived from a large stack of images of a
uniform, stirred liquid phantom; white vertical lines at the top (3 mm to 10 mm depth) show the
range over which the signal of each scan line was median-averaged to make the profile on the
left. A 0,53 mm diameter fish line filament was placed across a central element to simulate
two defective transducer elements. This filament casts the main shadow seen in the image
and the profile. This effect of a shadowing material is usually larger than that of the covered
elements being disconnected. Two lesser shadows are seen that are due probably to less
sensitive or lost single elements. On the left side of Figure 1, the set of blue points overlaid
on the red line constitutes the central three fourths (75 %) of the profile data. The dotted

4) For example, Matlab, or NIH imageJ with special plug-ins. See examples from available shared or commercial
software in Annex B. This information is given for the convenience of users of this document and does not
constitute an endorsement by IEC of these products.
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green (yellow) lines mark one (two) median absolute deviations above and below the profile
median. The grey 'shadows' merely extend (simplistically) below sections of the data that
reside in the bottom eighth (12,5 %) of the profile set.

Results of this analysis should be recorded in a database including at minimum, the signal
change and half-width thereof and location on the array. Such recording should be done for all
areas of scan-line signal change in the image where the change exceeds recommended limits
for the tested type of transducer and system. Also conclusions from the tests should be
included. When such recommended limits are unavailable, are not fully satisfactory or when
practicable in other cases, the database should include the median-averaged image and
brightness profile, both as in, or similar to, Figure 1, and a means of plotting the results of
signal-change amplitude, dip width, and/or the product of amplitude and dip width, as a
functiop of time in a control chart [36]. The control chart can help define deviations exdeeding
two or three standard deviations from the mean of the previously recorded values, \Thigse are
typical |thresholds for declaring a clear degradation and usually.obtaining correetive [action.
See B.p.

10 Lejvel 3 measurement methods

10.1 General

These |tests should be performed and results recorded at ‘l€ast every other yeaf using
phantoms defined in 7.2.3. They should also be performed upon acceptance testing anfl when
problemms such as system sensitivity and display-system-pe€rformance are suspected and clear
problems are not documented by the image-uniformity)tests. As in 9.2.4, the results ¢f tests
should|be plotted in control charts to aid selection «of significant deviations from the mean of
the mepsurements. See B.2.

10.2 Maximum relative depth of penetration
10.2.1| Assessment

The maximum depth of penetration.is the best imaging method devised at time of writing for
simple |tests of ultrasound system  sensitivity. Similarly, after that, the maximum relative
depth |of penetration is the next best imaging method at time of writing for assessing
changgs in system sensitivity and requires only a stable phantom without narrowly ¢gefined
acoustic properties. Visual.measurements of depth of penetration might be too inconsistent to
documeént modest changes in system sensitivity and procedures have been develgped to
quantify this measure!

10.2.2 | Scanning system settings

The fqgllowing is adapted with minor changes from IEC 61391-2:2010, 6.1.1 and 7.1.

Maximpum/ relative depth of penetration should be measured at the preset (default)
frequer fecatt m and

transducer and for any other transducer whose sensitivity is suspect and is not already slated
for repair after image-uniformity tests. To determine the maximum relative depth of
penetration, the system-sensitivity controls should be adjusted to provide echo signals from
as deep as possible into the phantom. This adjustment generally requires the following.

a) The transmit energy (labelled, for example, “output;” “power,” etc.) should be at its highest

setting.

b) The transmit focal distance is positioned near its maximum, i.e. as close as possible to the
apparent maximum relative depth of penetration.

c) The system overall gain and TGC are set at high enough levels that electronic noise is
displayed on the image monitor or until some pixels approach maximum brightness in the
region where relative depth of penetration is measured. In the latter case, displayed
dynamic range should be set to its largest setting. In either case, care should be taken to
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verify that image pixels are not saturated or that a real signal is not displayed as zero, i.e.
pegged high or low.

Signal processing settings, such as logarithmic compression and other pre-processing
functions, as well as image display settings, such as post-processing, should be in typical
positions that are used clinically, preferably at the preset (default) frequency presented by the
system for the most common application for that system and transducer and for the most
difficult body habitus. If a preset is used, the intended clinical application for the preset as
well as the above control setting values should be recorded.

These tests are performed in the most common mode employed, e.g. harmonic or
fundamental. The latter is best in most cases unless the phantom is not deep enough to
providg a measurement. 1T _clutter from multiple scattering in the phantom appears 1o Jextend
the mepsurement to unrealistic depths, consider choosing a different standard set of-dontrols
or congider the possibility that scattering in the phantom is too strong.

10.2.3 | Image acquisition

noise ratio vs. depth. A cine loop of images is acquired while sweepihg normal to the image
plane across the relative-depth-of-penetration phantom. For this~acquisition, the scapner is
optimizZed for maximum performance (Figure 2A). This optimization usually results|in the
backgrpund echo-signals from the phantom fading into the displayed electronic noise.

The m’Eximum relative depth of penetration is determined from the image-pixel signal-to-

IEC

Figure 2 — A) Image of a uniform section in a tissue-mimicking phantom,
bright rectangle; B) Image displaying electronic noise only, obtained with
the operating controls set the same as for A but with the transducer decoupled
from the phantom [SOURCE: University of Wisconsin]

A cine loop of images also should be acquired with the transducer not coupled to the
phantom, while using the same output, gain and processing settings. The latter image set will
be used to compute the depth-dependent electronic noise level for the chosen transducer,
receiver, and scanner signal-processing settings. This will result in an “electronic noise only”
image, as shown in Figure 2B. It has been conjectured that transducer mechanical loading,
when the probe is coupled to the phantom, can result in different noise levels than when the
probe is in air. Be aware that this might occur. With wobbler transducers having a fluid path to
the window of the transducer housing where reverberations in the fluid path might be bad, and
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with new systems and styles of transducers, compare noise levels with the transducer in air
and with the transducer coupled to a dummy load, such as a block of attenuating rubber that
has similar acoustical impedance to the phantom but is not echogenic at depths
encompassing the maximum relative depth of penetration in the phantom. If the noise level
is lower with the anechoic block, use those measurements with that and similar transducers.

10.2.4 Analysis

The digitized image data for a rectangular region-of-interest (ROI) extending from the near
field to the bottom of the image form a matrix, a(i,j), where i refers to the column (horizontal
position) and ;j refers to the row (vertical position) in this matrix. Acquire a full cine loop of
independent images, while slowly scanning the transducer normal to the image plane across
the length—efthe—phanteom—with—each—image-tabeled—Then—each—voxelir—a—3D-matrix is
labelled a(i,j,k). A mean value of 4(i,j) should be obtained by averaging data fromall the
imaged. The mean pixel value (grey level) vs. depth, A(j) is then computed by averaging pixel
values [corresponding to a constant depth from the transducer. With sector transducefs such
as phaged arrays and curved-linear arrays, it may be necessary to apply a mofe compfx ROI
when domputing the A(j) values, unless the width of the ROI is narrow, such, as less than one-
tenth ¢f the sector width at the maximum depth. Similarly, A'(;), thel/mean pixe| value
(numetfical grey level) vs. depth should be determined for the image containing noise only.

Typical plots of 4(j) and A'(j) vs. depth are illustrated in Figure, '3/ The A(j) values arne seen
gradually merging towards the A'(j) as depth increases. Let s(j)\b€ the depth-dependenit echo-
signal |evel, that is, the average echo-signal vs. depth in the image in the absence|of any
electrohic noise. Assuming the signal and noise are not correlated, and that the B-mode
image |s a display of echo-signal level, it may be shown that the average signal vs. dgpth for

the imgdge of the phantom is
. 2 Ry,
Aj) = sl 4G)° (1)
Thus, the signal-to-noise ratio for depth,-j(ZSNR(j) is:

SNR(j) = %—1 (2)

180

160

140

— A(])
120 —-— A7)
100 —1,447)

Key

X depth into phantom (cm)

Y mean image pixel (data) value

The solid line is 1,4 A'(j), and it intersects A4(j) at a depth of 19 cm, defining the maximum relative depth of
penetration.

Figure 3 — Mean digitized image-data value vs. depth for the phantom image data (A4(j))
and for the noise-image data (A4'(j))
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The depth at which the signal-to-noise ratio decreases to 1 should be taken as the maximum
relative depth of penetration, or the maximum depth of penetration if using a calibrated
phantom. This corresponds to the ratio A(j)/A'(j) = 1,4. Also for cases in which s(j) is not
proportional to the echo-signal level, the value A(j)/A'(j) = 1,4 should be used as a practical
definition of the maximum relative depth of penetration.

Results of this immediate analysis of maximum relative depth of penetration should be
recorded in a database as referenced at the end of 9.2.4 [36].

10.2.5 Commentary

Unlike the performance evaluation standard |IEC 61391-2:2010, 7.1.3, this measurement of
relativg depth of penetration into an attenuating phantom may not be used toccompare
imaging performance of similar systems, unless the tests are performed on the same.phantom
or witl a phantom meeting the specifications in that standard. If the same)‘phantom is
employed, the maximum relative depth of penetration may be used to evaluate effects of
system| upgrades, and in some cases help identify faulty transducers whenithe fault repults in
subtle [loss of sensitivity. Measuring the maximum relative depth of.‘penetration fan be
useful during acceptance tests only when comparing with pre-purchase‘tests performed with
the same phantom. However, sometimes, added performance in{ depth of penetrgtion is
accompanied by decrease in lateral resolution because of preferential attenuation of| higher
frequemcy components of pulsed-ultrasound beams in tissue and/or’if low-pass filters afe used
in the| receiver of the ultrasound instrument. Thus, thei maximum relative depth of
penetrption reveals only one aspect of image performance because it proviges no
informgtion on spatial- and contrast-resolution at the depths considered. Thus, relativg depth
of pengtration should be considered as a simple but valuable tool for estimating a “begt case”
of imaging, where only loss of signal or electronic noise limits the ability to visualize a target.

Some |maging systems, particularly those operating at lower frequencies, provide dgpth of
imaging performance that exceeds the available path lengths in most phantoms. When this is
the cage, one can only determine that the;maximum relative depth of penetration exceeds
the maximum path length available in the phantom and record and track the signal-tp-noise
ratio (§NR) at some specific region of(interest (ROI) in the image field over time.

10.3 $Pystem-image display
10.3.1| General

All tesf patterns referred to below are specified in detail in [35] and their equivalents in
IEC 62p63-1 [34] are.available as digital images. All of the assessments described below
should| be performed more frequently than specified here if so recommended py the
ultrasopnd (US) system and interpretation-station manufacturers. Full tests for display-system
perforc|xsance evaluation, including grey-scale calibration, might be appropriate, particularly for

displayps without luminance-stabilization circuitry.

10.3.2 Level 1 tests of the US-system and interpretation-station display

The display should be cleaned prior to testing.

The mechanical integrity of the display should be assessed via careful inspection for problems
such as scratches, cracks, pen marks, mechanical stability of the display support.

10.3.3 Level 2 and 3 tests

The tests for contrast transfer characteristics associated with the display device should be
performed as part of Level 3 QC-tests and a quick visual check with same is recommended
for Level 2 tests. See Annex C. Visual assessments by low-contrast detectability, employing
the low-contrast pattern of TG18-CT [35] (Figure C.1) should be performed in good lighting
conditions and in the usual or worst conditions in which the ultrasound system is used
typically. The latter will demonstrate the bad effects of poor viewing conditions and perhaps
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motivate the use of improved ambient light. The row/column numbers of the lowest contrast
blocks in which both curved edges of the circular hemispheres in the centre can be resolved
visually should be recorded.

It is recommended to test the display for pixel defects (dead/stuck pixels) and overall display
uniformity by first disconnecting the power, to drain static electricity, restarting, and viewing
the TG18-UN10 and TG18-UN8O test images [35] (Figure C.1). Detected non-uniformities
should be recorded precisely in words, such as “lost pixels or larger non-uniformity at
Row (1-4), Column (1-4)” and photographic recording of display defects with a digital camera
is recommended. IEC 62563-1:2009, 7.2 and [35] give specifics for more complete
evaluations. The number of dysfunctional pixels that is acceptable for medical diagnosis
depends on the distraction caused by the dysfunction and is a function of the pixel size
compafed with the size of the imaging point spread function.

Resultg of these immediate analyses should be recorded in a database as at the)end of 9.2.4
[36]. These test patterns are for monitors calibrated to the DICOM standard.. Wost ultrasound
system| displays use the gamma 2.2 curve, which typically will not allow discrimination of the
full range of grey levels possible with 8 bit image values. These test patterns will nprmally
reveal fhose limitations.

AvailaRility of these or equivalent test patterns in the ultrasound ‘system should be redquested
for exigting systems and specified for systems selected more than two years after rel¢ase of
this dogument.

As with other QC-tests herein, these and more complete tests should be performefl upon
acceptance of new or refurbished ultrasound systems“and when significant changes (greater
than 2| standard deviations from mean of previous measurements) are detected il these
measufements. ldeally, quantitative display performance evaluation should be performed
accord|ng to IEC 62563-1. For example, the grey-scale calibration should be assured through
luminapce measurements at multiple, digital=driving levels, using a calibrated photometer and
a selegtion of the TG18-LN test patterns:{35].

A mor¢g pressing problem in large imaging services, those with reading stations other than the
display| on the ultrasound system; is that the digital image output is not designed to provide
the same image on a standard,"DICOM reader station as that presented on the ultrasound
system|. It is critical that the interpreting physician see the same features as the |person
acquiring the study. Further'standardization is needed.

10.4 Distance measurements for mechanically scanned distances

10.4.1| General

of a sygtem, testing of distance measurements in all dimensions is recommended.

To be ;Ferformed for Level 3 tests and, if need is suspected, Level 2 tests. In initial QC|testing

Performance of distance measurements in Level 2 QC is of particular importance:

¢ when distance measurement instability or inaccuracy is suspected;

e when measuring elevational displacement in mechanically swept linear, curved-linear and
phased arrays;

e in many interventional guidance systems;
¢ when measuring lateral displacement beyond the real time field of view;

e in mechanically swept single-element, annular-element, 2D-array- and similar scanheads.
Those systems are more subject to subtle errors than systems with displayed distances
relying only on modern digital clocks and spacing of elements in a rigid array. Particularly
when distance measurements are critical, as in obstetrics, distance measurement
accuracy in mechanically scanned directions should be measured at least annually. The
accuracy of measurements on these less stable systems should be tested as well as the
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uniformity of the distance scale. The first QC-tests on a system should include a full set of
distance measurements, if acceptance or other performance evaluations have not been
performed, and documentation of all distance measurements verified.

10.4.2

Apparatus and scanning system settings

Employ a phantom specified for lateral/elevational-distance measurement accuracy, described
in IEC 61391-1. Settings can be those used for clinical imaging where absolute measurements
are critical, for example, obstetrical, or at settings particularly to minimize the variance and
bias in these tests. The latter employ a relatively high contrast setting, for example, 60 dB
dynamic range, TGC at reproducible settings showing distance targets at approximately
uniform brightness, and gain or output to show the targets at moderately low brightness.

10.4.3

In a teq
window

Image acquisition

large for testing the accuracy over nearly the full range used with the transdtcer. If a

imaged
directid

n for a 3D- or 4D-scanhead, or even a linear array with some form of 3D trackin

the trapsducer assembly so that each image scan plane is parallel to.a filament or a d

markin
or the

can be
targets
the dis
all targ
distand
alignm
is perp

10.4.4

Measu
increm
most d
the m
transdy
whiche

Results
[36].

t object designed for distance measurements, scan filaments or other targets flom the
designed for that group of targets. The largest target separation should’be suffliciently

ruler is

, scan it as described in 10.4.2. To test distance measuremént/in the elevational

y, align
stance

j on the ruler. Refine the alignment by ensuring that the distance markings on the ruler

ilaments can be visualized clearly, producing the maximam signal from the target that

e measurement in the lateral and axial ,ditections, perform the scans with
bnt and precautions as for elevational measurements, but align so that the imag
endicular to the filaments or markings on-the ruler.

Analysis

bnt providing at least 4 measurements. Spacings and the distance between
stant positions should npot-differ from the expected values by greater than thos
bnufacturer’s specifications. For distance measurements along the axis
cer, the measurement should not deviate from the expected value by 1 mm
ver is greater.

achieved by adjusting the tilt of the transducer assembly. Set the gain so thaf these
are all visible as the 3D-sweep is performed, but_not made larger than necegsary in
play by use of a gain setting that is too high. Perform and record a scan and verify that
ets in the 3D field-of-view are seen clearly,_afd fully without coupling artifadts. For

similar
e plane

e the filament positions or the 'distance marker positions at every 1 cm marker dr some

he two

set in
of the
br 2 %,

of this immediate analysis should be recorded in a database as at the end gf 9.2.4
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Annex A
(informative)

Example phantoms for image uniformity
and/or maximum relative depth of penetration

A phantom for linear arrays and curved-linear arrays for image-uniformity tests and allowing
for the optional relative-depth-of-penetration measures is illustrated in Figure A.1. This
phantom is a solid block of urethane with a homogeneous distribution of scatterers. The 9 cm-
wide well in the top aids coupling of curved-linear arrays. A less expensive and more compact
phantom, probably of similar materials, except high attenuation to avoid reverberations, is
shown [in Figure A.2. Two circular wells are shown for scanning by rotation of the trar]jsducer
rather than a linear sweep. The large and small wells are for slightly and tightly curved linear
arrays,| respectively. A versatile phantom is shown in Figure A.3 and a temporally |stable,
inexpensive one in Figure A.4.

For mpre rigorous measurements, with less chance of acoustic-centact problems [3],
scatterpers in a constantly stirred liquid can be employed. No scanning-motion is requir¢d. The

transdycer is lowered into the liquid the minimum distance to establish”good acoustic fontact
and cine loops are acquired.

Radius of curvature, 11 cm

i ot oo okl vangfatfe g
# Y

15 cm

IEC

Figure A.1 — Example phantom for image-uniformity
and/or maximum-relative-depth-of-penetration tests
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Figure A.2 — Example compact phantom for image-uniformity tests
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Figure A.3 — Photograph and drawing of a three-in-one phantom which provides
for determination of distance measurement precision and bias, image uniformity
and depth of penetration [37]

Two cone-shaped scanning windows are on opposite sides; together the two windows allow
direct contact of convex (curved) arrays with any radius of curvature (ROC) from 3,5 cm
through 6 cm. The scanning window that accommodates ROCs from 2 cm through 6 cm is
directed upward in the photograph; the windows have a metallic appearance because they
consist of plastic-coated aluminium foil, which transmits the ultrasound beam but suppresses
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desiccation of the tissue-mimicking phantom material. The cork layers are for preventing
sliding of the phantom when on a smooth surface. A third flat scanning window is shown on
the side of the phantom for accommodating other transducer shapes such as linear arrays

and phased arrays.

Figure A.4 depicts a uniformity phantom of rubber material flexible enough to fit many
transducer shapes, but too flexible for built-in distance calibration points or filaments unless a
rigid plate with ridges were attached to the bottom and right end. This phantom would serve

better if a bit thicker.
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Figure A.4 — A compact uniformitﬁphantom of relatively durable rubber matern
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Annex B
(informative)

Available analysis software

B.1 Open source software for assessment for QC of ultrasound image
uniformity

Some examples of known software for QA purposes are listed below5 (from [1]):

| If\TM L lal AA ol 1 NLL )
o Ultnat& TCaoromiviearcar; INLC)

Thi$ company has developed a software application for automated evaluatign and
repprting of ultrasound systems dedicated to Levels 2 and 3 mappligations.
(http://www.ultraiqg.com); accessed 29.6.2015

o QAfUS
(Radboud University, Nijmegen, NL)

™

a modular software package that can be used for Levels 27and 3 test requirements
(www.qadus.eu); accessed 26.6.2012

e FirgtCheck "
raSound-Lab, ZMPBMT, Medical University Vienna, Austria) Java-based softwgre that

¢ Noftingham USQC

(Nattingham University Hospitals, Medical-Physics & Clinical Engineering, UK) spftware
devieloped by the ultrasound group to evaluate Levels 2 and 3 tests

One st of software is described here-as an example of the newer quantitative measurgments
of image uniformity and as a canvenience to users of this document. This multi-platform
softwafe will be available . Ghortly as a plug-in to NIH ImageJ5 (free at
http://r$bweb.nih.govl/ij/). TIFR images and stacks and uncompressed DICOM data containing
rectanqular and arc scan_regions are processed. A median image of the image sfack is
createq with one plug-in_and the data analysed with either the linear array or convex ¢urved-
linear array plug-in. The_operator positions and resizes the analysis window below thle main
transdycer ring-down ‘and for a distance of approximately one-eighth of the total depth of the
image.|Additionallys-one can reposition the window to catch any variations of concern.|Output
of the analysis is;§hown in Figure B.1.

Before|exporting the profile to a spreadsheet, the threshold for defect detection is conslidered.
The threshold should be at the institution’s standard value (recommended 3 times the median
absolute deviations from the data’s median, 3 MADs). The MAD is similar to the standard
deviation.

Before the profile is exported from the plug-in, the number of transducer elements in the
tested array should be set at the known value (set at 128, if unknown). This gives, as in
Table B.1, the normalized signal below 3 MAD integrated over all scan lines in each signal
valley, as well as the same integration over columns 1-element wide. Tentative recommended
action thresholds are as follows.

A signal valley of area (in columns one element wide)/mean > 0,4 is worth counting as a
defect of possible concern. More than two such defects are worthy of recommending

5) This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of these products.
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repair/replacement or further testing. A finding of normalized area > 0,9 in a single valley is
worthy of an unacceptable rating and a request for repair/replacement or further testing with
strong justification of no further action. These recommendations are yet to be verified on a
large number of transducers and, in any case, may be subject to the individual institution’s
assessment of the importance of the defect to clinical practice. A classification guide is that a
dip > 3 dB (-3 dB relative to the mean) and more than two elements wide is worth counting as
a defect of possible concern. If the dynamic range of the display is not known and cannot be
estimated reasonably, "A signal valley of area (in columns 1 element wide)/mean > 0,4" can
be used as a guide. This is the area of the dip in pixel values integrated over the number of
columns of one transducer element width, taken from the -3 MAD level. This criterion
assumes correct entry of the number of transducer elements. If this number is unknown, a
reasonable guess for high-end systems in 2016 is (128 + 192)/2 = 160. Taking the area of this
dip in pixel values is Tike taking a cerfain number of decibels assuming a standard-dynamic
range petting and a purely logarithmic characteristic curve. This latter assumption-i
accurate in the middle of the image brightness range.

Profile

Pixel Value
v
o
v

25 50 75 100 125 150 175 200 22559250 275 300

Image Column

Median 1 MAD 2 MAD 3 MAD

IEC

Profile cplumns below 3 MADs (median‘absolute deviations) are shown in blue.

column in the analysis\box shown in the median image on the right for the transflucer

Fi?-fre B.1 — On the left the profile of median pixel value is plotted for each imEge
Figure 1, but'without the nylon filament obstructing some central element

After bping madé/aware of these defects by this procedure and having quantitative mgasures
to test,| the user.can follow minor acceptable defects until replacement, if further degradation
occurs| Alternatively, on a servicer contract allowing a certain transducer replacement rate,

the mopgtddefective transducers currently in the user’s possession can be replaced as fhe no-
cost op pnrhmify arises Below _see g anp_hy_efnp nynmpln of Ir\c-rfnrmir\g this nnnlyeic
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Table B.1 — Output of analysis

Filename: MVolumes/Englewood Users/pearsondb/locoHillsL ASmallFryles’ AAPM ACR ATUM IECIE
[nstimiion Uaf M Test Dt E/09 | Analaysis O 2/10:113
Scanner model GELopig9 &N
Transd. Model L 5N
Uncompounded (Y/N)7 Scanner Presct
Setings: Galn TGC Focal depth 5 mm
Cither Settings:
Dip Threshold (-MAD below mean); 5319
MAD ig defined as the median of the absolute deviations from the data's median. A
MAD 1.24 AN
Mean A (2)
MAD/Mean 0.0 ol
\
Drynamip Range (dB) 70.00 | <-- Enter local dynamic range setting b
7 clemefits: 128.00 <~ Enter number of clements in array ., ¢
Horizonjtal scale (image pix'cli) 2.54
NV Amain Dip Arca
Signalar  Areaat glements'm | Dip depth | {dB
Diips: Min half max  FWHM ~‘4rea'mean  can [dH] lemients)
1.00 47.84 5243 10478 1.54 0.3 2.51 11.48
2100 Al A2 R O3 RE A0 117 {1 4R 1 R4 f Rl

The botjom two rows provide a listing and measured characteristics of the signal dips. Min and Signal at half max
are in pjxel values. Area is integrated pixel value in the\dips and mean in Area/mean is the mean pixel value in
the analysed area of the image. Dip depth in dB is\maximum depth calculated assuming a purely logarithmic
compregsion and the entered dynamic range of 7Qin this case. Dip area (dB elements) is just the integrated Dip
area in fB. Another column should be added, giving the distance of each dip from the end of the transdycer that
has the|bump or ridge provided on it to aid~orientation in clinical use. MAD is defined as the mediap of the
absolut¢ deviations from the data's median:” These sheets can be worksheets in a workbook for the given
transduger, scanner or facility. A master-spreadsheet should keep the results for a given transducer in al column
for documentation and analysis of change:

B.2 |[Example of QC-¢control chart:

A control chart canh-plot results of a series of measurements over time. Confidence or|control
limits gr standard deviations of the data are plotted as horizontal lines showing the likglihood
that a|point Ns deviating from the mean due to other than the fluctuations in the data,
assuming.a fandom, Gaussian measurement error. In the example of Figure B.2, the sudden
increa i ip—i i indi ctronic
degradation that warrants repair, replacement or further diagnosis. The dip is shown as stable
for several months within 3 standard deviations from the mean before jumping to a more
serious defect. This apparent change is more cause for concern than a modest stable defect.
The dip area is labelled in depth of the dip in decibels integrated over the number of involved
transducer elements. [SOURCE: spreadsheet from [36], plotted with modifications]



https://iecnorm.com/api/?name=5bbf1eb7defa22283662907b2b1f92c6
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