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EOREWORD

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization,co
tional electrotechnical committees (IEC National Committees). The object of IEC is to proniote’inte
eration on all questions concerning standardization in the electrical and electronic fields.,To this
Hition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical
cly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)
ration is entrusted to technical committees; any IEC National Committee interested in the subject d
articipate in this preparatory work. International, governmental and non-governmental organization

he IEC also participate in this preparation. IEC collaborates closely with the*Ihternational Organiz
lardization (ISO) in accordance with conditions determined by agreement between the two organiz

ormal decisions or agreements of IEC on technical matters express, as.hearly as possible, an inte
bnsus of opinion on the relevant subjects since each technical ,committee has representation
sted IEC National Committees.

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

der to promote international uniformity, IEC National” Committees undertake to apply IEC Puj
parently to the maximum extent possible in their national and regional publications. Any divergence
FC Publication and the corresponding national arwrégional publication shall be clearly indicated in t

tself does not provide any attestation of conformity. Independent certification bodies provide cq
Esment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification bodies.

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

bbility shall attach to IEC or its, directors, employees, servants or agents including individual exg
bers of its technical committées~and IEC National Committees for any personal injury, property da
damage of any nature whatSoever, whether direct or indirect, or for costs (including legal fg
hses arising out of the\publication, use of, or reliance upon, this IEC Publication or any o
cations.

tion is drawn to thejNormative references cited in this publication. Use of the referenced public]
bensable for thelcorrect application of this publication.

tion is drawn’to the possibility that some of the elements of this IEC Publication might be the s
t rights. IEC shall not be held responsible for identifying any or all such patent rights.

62736 has been prepared by IEC technical committee 87: Ultrasonics. Itis a Te
Cation.
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rnational
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This second edition cancels and replaces the first edition published in 2016. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) expansion of the applicable types of transducers and the frequency range of application;

b)
c)

d)

extension of test protocols and image assessments, including for very-low-echo spheres;

revision of phantom designs and their acoustic properties, consistent with the second
edition of IEC TS 62791;

inclusion of luminance tests for system-image display consistency at scanner and remote
monitors;
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e) addition of special considerations for 3D-imaging transducers (Annex D) and workbook

exa

mples (Annex E).

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

Draft Report on voting

87/777/DTS 87/791/RVDTS

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

The larn

guage used for the development of this Technical Specification is English.

This dgcument was drafted in accordance with ISO/IEC Directives, Part 2, and develgped in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, ayailable
at wwy.iec.ch/members_experts/refdocs. The main document types developed by IEC are
defined in greater detail at www.iec.ch/standardsdev/publications.
Terms fn bold in the text are defined in Clause 3.
Symbols and formulae are in Times New Roman italic.
The committee has decided that the contents of this document will remain unchanged yntil the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specifi¢ document. At this date, the document will be
e recopnfirmed,
e withdrawn,
e replaced by a revised edition, or
e amended.
IMPORTANT - The "colouriinside” logo on the cover page of this document indicates |that it
contains colours which)are considered to be useful for the correct understanding|of its

conte

nts. Users should therefore print this document using a colour printer.
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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 that are
often critical to patients' wellbeing, it is important that the systems perform consistently at the
level initially provided and accepted in initial tests, for example, those of IEC TS 62791,
IEC 61391-1,61391-2, and IEC 62563-2. This document provides methods to verify the stability
of an imaging system's elementary performance.

This dgcument is deemed necessary because substandard ultrasound-system performance is
often accepted or remains undetected in the absence of unequivocal and de€éumented tests.
The m:{vst common of the failures, in all but the oldest systems nearing rétirement, ate sub-
performance of a transducer-array element or lens or of a cable or electronic channel. There is
approx|mately a 14 % transducer-failure rate and a 10 % system-failgre rate per year jon first
testing|[11,[2],[31,[41.[51,[5],[71,[81,[9],[10],[111,[12]". Sensitive image uniformity tests fof these
transdycer- and channel-failures are presented here for use daily.to monthly (Level 1), ahnually
(Level P) and biennially (Level 3).

This cdmmon occurrence of suboptimal diagnostic examinations has created an urgent peed to
standardize quality-assurance (QA) and performance-evaluation procedures to pfromote
improved efficacy of diagnostic examinations through widespread use of effective QA
procedpures and to dispel myths as to their utility. Proposers believe, however, that gxisting
nationdl and international standards and guides{1],[31,[12],[13],[14] specify or recommgnd too
many {ests and inappropriate tests for dete¢iing and discriminating the common flaws in
diagnostic ultrasound systems during routine'QA. These practices include tests, such as|spatial
resolutlon, which are low-yield and belong@Jin performance-evaluation procedures, rathger than
QA.

Modern flat-panel display technology is more stable than, and generally far superior to,| earlier
cathodg ray tube (CRT) displdys: However, these displays can still exhibit luminance drift, as
well as|problems such as defective pixels. They still need to be evaluated periodically.

Detectipn of failures by ,these recommended pulse-echo tests will probably also dete¢t most
failureq affecting the.operation of other modes, such as colour-flow, harmonic-, elasticity- and
compoyind-imaging:The failures might be more pronounced in these other modes gnd the
fraction of failufés'in other modes detected by these tests has not been reported.

Image-uniformity QA is applicable to transducers operating in the wide 1 MHz to 40 MHz
frequer i i i other

tests could be made applicable up to 40 MHz [15],[16] when the depth of penetration
measurement is allowed to be relative, rather than absolute, and phantom stability is verified.

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
23 MHz.

System-manufacturing and repair companies, as well as those performing more complete
performance evaluation for acceptance, replacement, or research might well employ other or
additional tests that are not within the scope of this document. More complete tests than those
included in the three levels for periodic testing and for assessment at times of particular
importance or concern are specified in IEC 61391-1, IEC 61391-2 and IEC TS 62791. These
more complete tests are categorized as performance evaluation, rather than quality

T Numbers in square brackets refer to the Bibliography.
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assurance or frequent periodic testing. It is possible that good, automated analysis of the high-
contrast sphere tests will reduce both the need for optional tests listed here, and for most, more
complete performance evaluation. Full assessment of distance-measurement accuracy might
still be required if automated, 3D distance measurement calibration is not added to the high-
contrast sphere tests.

Uniformity tests of transducers not readily amenable to transducer-element testing by the simple
image-uniformity procedures specified here (for example, phased-array and 2D-array
transducers) are not included in the scope. They are usually evaluated well by careful
performance of the high-contrast sphere tests. 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
providg access to another implemented and explained element-test programme.
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ULTRASONICS - PULSE-ECHO SCANNERS -

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

ope

C testing of the quality of diagnosti ultrasound systems using reflectio
Usually, "periodic testing" is referred to as "quality control (QC)" or quality assurance)(QA).

nd systems, for quality assurance professionals in their organizations, or thos
er quality-control and/or service-provider organizations. The procedures are for|
bf more common diagnostic ultrasound systems, currently) operating from 1

r, although available phantoms meet the specifications only from 1 MHz to 23 M}

ts are defined in three levels, with the simplest and/most cost-effective performe
tly:

comprises five quick tests/observations ‘teobe performed daily to monthly by
y operating the systems.

includes one necessary test for all-systems in addition to those of Level 1, two
prformed more rigorously, two tests-that are for special situations or equipment, 4
just optional, included because it is highly developed. Level 2 tests are pen
y by those with meaningful.quality assurance training.

extends the two special situations tests to all systems, adds one optional te
s a periodic review of the QA programme.

nt distance-measurement accuracy tests are recommended in this document ¢
classes of position encoding that are not now known to be highly stable and
A in all dindensions is recommended in this document as the first test for such sy

t méthodology is applicable for transducers operating in the 1 MHz to 23 MHz fre
The types of transducers used with these scanners include

echo) imaging. Image measurement and interpretation workstations are included.

nedical
e hired
a wide
VIHz to
z.

d most

those

| evel 1
nd one
formed

bst and

nly for
without
stems.

quency

a) electronic phased arrays,

b) line
c) con

ar arrays,

vex arrays,

d) mechanical transducers,

e) two-dimensional arrays operated in a 2D imaging mode,
f) transducers operating in 3D imaging mode for a limited number of sets of reconstructed 2D
images, and

g) three-dimensional scanning transducers based on a combination of the above types.

All tests on scanners considered here evaluate basic pulse-echo techniques and might detect
most failures in other modes. Dedicated Doppler systems, or other systems for detection of
blood motion, are excluded from this scope as specialized equipment is required to test them.
Such test equipment can be specific to the intended application of the Doppler system.
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This document includes definition of terms and specifies methods for measuring the maximum
relative depth of penetration of real-time ultrasound B-MODE scanners, though this
penetration measure is listed as less frequently applied.

2 Normative references

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

IEC 60p50-802, International Electrotechnical Vocabulary — Part 802: Ultrasonics

(available at <http://www.electropedia.org>)

3 Terms and definitions

For thg purposes of this document, the terms and definitions given in-|E€ 60050-802 and the
following apply.

ISO and IEC maintain terminology databases for use in stafidardization at the following
addrespes:

e |EQ Electropedia: available at https://www.electropediarorg/

e 1S Online browsing platform: available at https:/www.iso.org/obp

31

quality] assurance

QA

regularly performed procedures to ensure{consistent performance

Note 1 t¢ entry: Quality control is a part of quality assurance. Another term used is quality maintenance.

3.2

performance evaluation

set of tpsts performed to assess specific absolute performance of the object tested

Note 1 tg entry: Typical times for ultrasound system performance evaluation are at pre-purchase evaluafion, new
and rgpaired system\°® acceptance testing, according to IEC 61391-1 and |IEC61391§2 and
[11,[171,[118],[19],[20)[211,[22], and at times of performance difficulties and end-of-useful-life evaluations] Level 3
QA testd include nfany of those recommended for such performance evaluation.

3.3

phantgm

device 'cbiyllcd tomimic-some aapcuta ofthretoman Iuuu'y forthe PUTpPoOSTS of tcatillg Of .aining
3.4

addressable patch
smallest addressable group of transducer elements

3.5

pixel value
integer value of a processed signal level or integer values of processed colour levels, provided
to the display for a given pixel

Note 1 to entry:

In a grey-scale display the pixel value is converted to a luminance by some, usually monotonic,

function. The set of integer values representing the grey scale runs from 0 (black) to (2 - 1) (white), where M is a

positive integer, commonly called the bit depth. Thus, if M = 8, the largest pixel value in the set is 255.

[SOUR

CE: IEC TS 62791:2022, 3.6]
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3.6

mean pixel value

MPV

mean of pixel values detected over a designated area or volume in an image or 3D stack of
images

Note 1 to entry: For low-echo spheres here, MPV is defined for an area 4 or volume in a phantom image or stack
of images, where 4 is somewhat smaller than the area of a circle of diameter D. The phrase "somewhat smaller than"
is introduced as partial compensation for the partial volume effect, primarily in the elevational dimension.

Note 2 to entry: The partial volume effect is a term common in computed tomographic, magnetic resonance and
ultrasound imaging. This process refers to the effect of the finite imaging resolution, particularly the slice
thickness. The signal (ie, pixel values) at points near the object boundaries will include contribution from that object
and contributions—frem—the—material-arounrd—i—kerexample—i-the—ebjeet-is—a—sphere—with-a—ediameteretege to the
thicknes$ of the slice, then you cannot define a good measurement region in the image of the sphere in-which the
signal dges not include components from material lying outside the sphere.

3.7
maximum depth of penetration
maximFm range in a phantom, with properties meeting the specifications)of IEC 61391-2, at
which fhe mean pixel value corresponding to signals from the weakly réflecting, backiground
scatterprs are 1,4 times the mean pixel value corresponding te “ithages displaying only
electropic noise at that same depth

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

3.8
maximum relative depth of penetration
maximyim range in a phantom, at which the mean pixel value corresponding to |mages
displayjng echoes from weakly reflecting and background scatterers are 1,4 times thg mean
pixel vialue corresponding to images displaying only electronic noise at that same dept

=]

Note 1 tg entry: The specified properties of the phantom are somewhat relaxed from those specified in IEC 61391-
2, as mogdified in IEC/TS 62791:2022, 3.2.

Note 2 t¢ entry: The adjective "relative" isiused because the phantom specifications defined in this docunent are
so loos¢ that measurements of the.'"maximum range" with different phantoms cannot be comparned. The
measurements are only for tests of stability, i.e. comparisons between measurements on the same phanfom over
time.

Note 3 t¢ entry: For available.phantoms and specifications, see [16],[17], and for a potential alternative measure
of depth |of penetration, see-[15].

Note 4 t¢ entry: The maximum relative depth of penetration is, by international standards, expressed ih metres
(m) and fonventionally-in centimetres (cm).

3.9
mediaT absolute deviation

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

Note 1 to entry: The MAD is similar to the standard deviation but, as the median of linear deviations rather than
squared deviations, it is more resilient to outliers [18].

3.10
specific attenuation coefficient
attenuation coefficient at a specified frequency divided by the frequency

Note 1 to entry: The specific attenuation coefficient is usually expressed in decibels per centimetre per
megahertz (dB cm~'MHz™"); extrapolation to other frequencies makes the explicit assumption of linear dependence
of the attenuation coefficient on frequency.

[SOURCE: IEC 61391-2:2010, 3.33, modified by rephrasing "at a specified frequency, the slope
of attenuation coefficient plotted against frequency”, which assumes a broadband
measurement.]
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3.1
equivalent sensitivity
sensitivity that is statistically the same or has smaller variance and bias

3.12

backscatter coefficient

intrinsic backscatter coefficient

n

intrinsic property of a material at some frequency, equal to the differential scattering cross-
section per unit volume for a scattering angle of 180°

[SOUR(‘F' IEC TS 62791:2022 3 2 madified — the note has been deleted 1

3.13

low-echo sphere
hypoec¢hoic sphere
spheridal inclusion in a phantom with a backscatter coefficient lower than the backscatter
coeffigient of the surrounding tissue-mimicking material

[SOURCE: IEC TS 62791:2022, 3.3]

3.14
very-lgw-echo sphere

high-cpntrast, low-echo sphere

sphere|with -40 dB, or greater, contrast with its background material

3.15
low-echo sphere diameter
D
diameter of the low-echo spherical inclusions in a phantom

Note 1 tq entry: It is generally assumed thatal/low-echo spheres in a particular phantom have the same diameter
D. The djameter tolerance is +1 %.

3.16
lesion signal-to-noise ratio
LSNR
ratio off the mean pixel value over a region of a detected target in an image, minus the¢ mean
pixel vlr:Iue over a specified region of the background echo signals, to the standard dgviation
of the mean pixelvalues contributing to the background

Note 1 tg entry:<~Fhis term might also be referred to as the lesion contrast-to-noise ratio.

[SOURCEAEC TS 62791:2022, 3.11, modified — the note has been replaced with a new note.]

3.17
lesion signal-to-noise ratio for the nth low-echo sphere
LSNR,

numerical value quantifying the detectability of the nth macroscopically uniform, low-echo
sphere surrounded by a macroscopically uniform, background material and existing in the
volume of a phantom for which image data has been obtained

[SOURCE: IEC TS 62791:2022, 3.12, modified — the notes have been deleted.]

3.18
LSNR,

mean lesion signal-to-noise ratio
conceptual version of this common term (mean signal-to-noise ratio) for detected low-echo
spheres, whose centres lie within an unspecified volume segment
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[SOURCE: IEC TS 62791:2022, 3.13]

3.19

LSNR 4

mean lesion signal-to-noise ratio for depth interval 4

mean lesion signal-to-noise ratio for detected low-echo spheres whose centres lie within
the volume segment corresponding to depth interval label 4

Note 1 to entry:

are excluded.

Low-echo spheres with centres located less than a distance D/2 from a lateral image boundary

[SOURCE: IEC TS 62791:2022, 3.14, modified — the term “mean LSNR” has been removed and

note 2

3.20

referenjce value of mean lesion signal-to-noise ratio

LSNR,,
referen
setting

transddcer and settings

3.21

useable range

Ay

range g¢r ranges over which the negative of LSNR,, is 21,41

Note 1 t

specified size. It is usually expressed in centimetres [cm]¢

3.21.1
A4

minimuym depth at which the negative ©f LSNR, is 2 1,41

3.21.2
%P

first mgximum depth at which the negative of LSNR, is 2 1,41

3.22

mean useable contrast over the useable range

|LSNR,,
given
[SOUR

3.23
clarity
G

mean =1|LSNRm| over the useable range or combined useable ranges of a transduce

as been deleted.]

,ref

5, or values acquired in acceptance testing or the first or first-N(periodic tests on

entry: Useable range is more fully defined as the*useable range for imaging low-echo sphg

|

ce values of LSNR,; provided by the manufacturer for a given transducer model and

B given

res of a

under

ettings

CE: IEC TS 62791, 3.9 and 3.14 modified]

index

figure-of-merit for overall performance of a transducer in imaging specified low-echo spheres
in the employed mode and system, equal to the log absolute value of the mean lesion signal-
to-noise ratio averaged over the useable range times the useable range

Note 1 to entry:

Symbolically C, represents log|LSNR,_ | x 4 ,, where these symbols are defined in 3.21 and 3.22.
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3.24

depth interval

interval between boundaries of contiguous, or overlapping, depth segments into which an image
area is subdivided for computation of LSNR,; values as a function of depth

Note 1 to entry: A rectangular scan area will be subdivided into discrete or overlapping horizontal bands; a sector
scan area will be subdivided into annular ring segments, the angular limits being determined by the sector angle.
Rectilinear projection of these discrete or overlapping area segments in the elevational direction will create volume
segments analogous to slabs and partial cylindrical shells respectively.

[SOURCE: IEC TS 62791:2022, 3.9, modified — in the definition, “or overlapping” has been
added, and in the note the reference to the figure and “with thickness equal to the depth interval
extent A” have been deleted.]

3.25
depth |nterval label
d
integer{for identifying depth intervals in an image

Note 1 tg entry: d=1,2, ..., d, . where1is at the least depth and 4 is at the greatest depth.

[SOURCE: IEC TS 62791:2022, 3.9.1]

3.26
detectability
numerital value quantifying the probability that a humian’observer will detect an objedt in an
image having background speckle

[SOURECE: IEC TS 62791:2022, 3.10]

3.27
signalqto-noise ratio
SNR
ratio offsignal plus noise at a given:depth in the image to noise obtained with a clean transducer
in air af the same depth

Note 1 t¢ entry: The signal-te-noise ratio here is defined specifically in this document for the applicatipn of the
maximum depth of penetrationsmeasurement. The noise here refers to electronic noise only.

Note 2 t¢ entry: SNR isydefined in 61391-2:2010, 7.1.3, in Formula (2).

Note 3 tg entry: A.more general definition of SNR is given in IEV 702-08-61.

3.28
time grin compensation
TGC

amplification of the signal with time after the transmit pulse to approximately correct for
attenuation by the tissues transited and reduce overly strong signals from tissue boundaries
close to the transducer

4 Symbols and abbreviated terms

4.1 Symbols

The non-display QA parameters defined in this document are listed in Table 1 and sourced from
IEC TS 62791 with some modifications.
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Table 1 — Overview to the symbols and definitions of

the QA terms, other than those for the display

Symbol Term or definition Corresponding
Term
A square area in an image plane selected for calculation of MPV 3.6
D low-echo sphere diameter 3.15
d integer for identifying depth intervals 3.25
din integral number of the depth interval chosen as the minimum depth 3.25
for applying the data analysis
diax greatest integral number of the depth intervals allowed by the 3.25
chosen maximum possible depth for data analysis
LSNR lesion signal-to-noise ratio 316
LSNR, lesion signal-to-noise ratio for the nth low-echo sphere 3.17]
LSNR_, conceptual mean lesion signal-to-noise ratio 3.18]
LSNR_, mean lesion signal-to-noise ratio for depth interval 4 3.19
LSNR | (ot reference value of mean lesion signal-to-noise ratio 3.20)
[LSNR | mean useable contrast over the useable range 3.22
MPV mean pixel value 3.6
" useable range 3.21
1 minimum depth of the useable range 3.21.1
2 first maximum depth of the useahle'tange 3.21.p
SNR signal-to-noise ratio 3.27
n backscatter coefficient 3.12

The QA parameters related to-displays explained in this document are listed in Table 2 and
sourced from IEC 62563-1 and-62563-2.
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Table 2 — Overview of the symbols and definitions of the display QA terms

Symbol Mathematical Definition and explanation
definition
All'in 11.3.3

Lamb Luminance generated by the ambient light on the surface of an image
display device when the image display device is off.

L i Minimum luminance generated by an image display device at digital
driving level (DDL) = 0 measured at the centre of the screen. It
includes veiling glare specific to the test pattern used for
measurement. It is measured with no ambient light.

Lax Maximum luminance generated by an image display device at digital
driving level (DDL) = max measured at the centre of the screen. It
includes veiling glare specific to the test pattern .used for
measurement. It is measured with no ambient light.

L' i Leint Lamo Luminance .th.at is .pg-rceived by the human eye at the‘eentrg of the
screen at digital driving level (DDL) = 0.

L' ax Loax T Lamb Luminance .th.at is .pg-rceived by the human eye at' the centrg of the
screen at digital driving level (DDL) = max.

Ry Diffuse reflection coefficient (provided by’manufacturer with a $pecific
measurement method, ideally following,the methods defined ih [21]).

r' L' o ! L'in Luminance ratio of an image display device.

a4, L. L Maximum luminance deviation, a*measure of display uniformity, with

A, = ZXM Lyign and L, being the highest and lowest luminance, respgctively
Liigh + Low | [22].

a Lomp ! L'min Safety factor (IEC 62563-1)

(u', v") CIE chromaticity,coordinates for white point [23].

Au', v’ Colour distante between two sets of measured chrofnaticity
coordinates+in the u’ — v' space corresponding to CIE15:2018][23]

4.2 Abbreviated terms

The meanings of abbreviated terms used in this document are given in Table 3:
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Table 3 — Abbreviated terms

Abbreviation Meaning
CCD charge-coupled device
CD-ROM compact disc-read-only memory
CRT cathode ray tube
DDL digital drive level
DICOM Digital Imaging and Communications in Medicine (DICOM®)
Standard
ftp file-transfer-protocol
JND just-noticeable difference (Annex E)
GSDF greyscale standard display function (Annex E)
1Q imaginary quadrant
LCD liquid crystal display
LUT look-up table
PACS picture archiving and communications system
QA quality assurance
RF radio frequency
ROC radius-of-curvature
ROI region of interest
SOS speed of sound
TIFF or tiff tagged-image file format

5 General recommendation

The manufacturer's specificationssshould allow comparison with the results obtained from the

tests d

For co
recove
since s
recove

Other ¢

6 En

pfined in this document,

mpliance with this_document, manufacturers should provide a description of
pre-sets (nearly(Complete set of settings controllable for image acquisition and d
Lch settings are affected by software updates. They should provide a capability to
such settings.or most equivalent settings available.

xpectations of system manufacturers are explained in 8.3.

\ tal liti

how to

splay),
rapidly

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 %, except 40 % to 75 % for relative depth of penetration;
— atmospheric pressure: 86 kPa to 106 kPa, except 66 kPa to 106 kPa for relative depth of

pen

etration.

A wide temperature range is specified for uniformity tests because these tests are not

signific

antly dependent on speed of sound.

These conditions may be relaxed to the extent phantom manufacturer's specifications
specifically so allow for standard use.


https://iecnorm.com/api/?name=64a5710774d9761f991fd4f3afc96d1e

- 18 —

IEC TS 62736:2023 © IEC 2023

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 and ultrasound-system manufacturer should be consulted to determine whether the
expected acoustic properties are maintained under the above environmental conditions. If not,
the environmental conditions over which expected and reproducible results can be obtained
from the phantom or test object should be adopted for tests.

7 Quality assurance levels

7.1 General

Three IWWWWWMWMI
between tests. These levels are similar to those recommended by the European Fedepation of

Societips in Ultrasound in Medicine and Biology [1]. Recommended schedules for pérforming
these three levels of tests are provided in Table 4, along with some examples -of/flexibility to

provide

judgenent should be employed in the scheduling.

Table 4 — Outline of tests by level

a reasonable cost-to-benefit ratio for performing the tests. Some professional

Test

Evaluation

Action, if deviation found

Intervals

Level 1

Store results & confirm
with:

Inspection for
damagé to
transdycer face or
housing and cable

Visual inspection of the
transducer assembly for
cracks that allow the ingress
of conductive fluid and for
other damage, particularly to
the lens

Level 2 tests or
maintenance?

Daily

Image yiniformity for
well usgd

Visual with clean transducer
face held in air or system's

Level 2 tests or
maintenance

At least weekly

echo sphere
visualization

visualization of randomly
placed spheres. See 10.3

transdycers transducer self-check
Monitoff function Visual Level 3 tests, adjustments Monthly
or maintenance
Hard copy (if Visual Adjustments or Monthly
availabje) maintenance
Mechanical Visualisinspection for all Level 2 tests or Monthly
Inspection mec¢hanical components and maintenance
power cord, especially stable
wheel mounts and clean air
filters
Level 2
Repeat|Leyél 1 tests | On all transducers, include Adjustment or maintenance Annuallyb
image uniformity with
pkan"\ma- Soco-Clauca Q
High-contrast, low- | Evaluate ranges of Adjustment or maintenance | Annually®

Distance and other
spatial size
measurements

See 10.5 and IEC 61391-
1:2006, 7.4

Adjustment or maintenance

Annually except
as noted

Maximum relative
depth of
penetration
(optional)

See 11.2

Adjustment or maintenance

When sensitivity loss is
suspected®

Spatial resolution
(optional; redundant
with high contrast,
low-echo sphere
visualization)

IEC TS 62791 or, in lateral,
axial and elevational
directions, IEC TR
61390:2022, 3.16, 6.3.3.

Adjustment or maintenance

Optional
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Test

Evaluation

Action, if deviation found

Intervals

Level 39

Repeat Level 2 tests

Every 2 years

Image displays,
system and
interpretation

Measure the grey scale
transfer curve. See 11.1

Adjustment or maintenance

Once

Maximum relative

depth of
penetration
(optional)

See 11.2; preferably
absolute as in IEC 61391-
2:2010, 7.1

Adjustment or maintenance

Every 2 years

System-image

See 11.3

Adjustment or maintenance

Every 2 years

display|

effg

Distande/other All systems in all Adjustment or maintenance Every 2 years
spatial measurement directions, See
measuilements 11.4 and IEC 61391-1:2006,
7.4
Performpance in Survey chief user and Repeat needed Level 3 Every 2 years
clinicalfuse and interpreter and assess the QA | tests, adjustments or
evaluafjon of QA programme. See 11.5 maintenance
prograrnme
Contragt-detail IEC TR 61390:2022, 6.3.4 Adjustment or maintenance | When extensive
detectability ) ) ) assessment is depired
; Not described further in this
(optiongl)
document
a8 |t i reasonable to limit these Level 2 tests to frequently used transducers, if internal transducer self{checks
arel|implemented [43].
b Sysftems used in breast cancer screening and other critical,"high-use applications should receive Level|2 tests
every six months.
¢ Curfently required as annually (up to 14 months) by*A€R [20] and conditionally by EU ONORM S$5240-P2 [22].
4 In large medical systems with many inexpensive ultrasound units, Level 3 and even Level 2 testd on all
scahners might be hard to justify. In these 'situations, rapid replacement followed by repair or recygling in
response to concerns from Level 1 tests might be appropriate, with Level 3 tests of perhaps 10 or 2( of the
unifs every other year. In small, possibly isolated, practices, Level 1 tests should be performed angl every

rt made to obtain Level 2 and Level 3"quality assurance and correction of malfunctions.

7.2 |

Level 1
by the
special

Alternative methads of proven and at least equivalent sensitivity, as well as interpreta

end us
transdu
detect

Level 1 tests

ultrasound system users. They are performed visually, requiring no phantoms d
equipment,~only record keeping. Only limited training and practice are re

brs, may be employed. See Table 4. The image uniformity tests will detect sub
cer-element and cable- and electronic-channel degradation. Monitor function te

noticeable change in display luminance, uniformity and resolution.

tests are short=duration (approximately 5 min) checks, to be performed daily to monthly

r other
quired.
bility to
stantial
sts will

While both Level 1 and Level 2 tests are simple, it might be helpful to have a quality assurance
professional, such as a medical physicist or hospital engineer involved, to ensure initiation of
the tests and adequate record maintenance.

7.3

Level 2 tests

Level 2 tests are performed annually by users or QA professionals. They are simply Level 1
tests plus the high-contrast sphere test, a more sensitive version of the image-uniformity test,
and any other tests indicated for special conditions, such as mechanically scanned transducers.
The more sensitive, image-uniformity test is performed with a phantom and digital or visual
averaging of a cine loop. See Clause 10. Alternative methods of proven and at least equivalent

sensiti

vity and interpretability to end-users may be employed.
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The very-low-echo sphere visualization will reveal the cumulative effects of main and other
lobes and clutter of the beam, showing over what distances from the transducer and with what
clarity, a high-contrast, very-low-echo sphere of the tested diameter can be visualized. This
test relates to sensitivity as well as overall resolution. Maximum relative depth of penetration
is a measure of overall system sensitivity.

7.4 Level 3 tests

Level 3 tests are performed by QA professionals every two years. They are designed to detect
or verify defects that are less frequent than those detected by the image-uniformity test and
they require more specialized, stable phantoms. These tests include as a minimum: Level 1
and Level 2 tests, plus measurement of maximum relative depth of penetration, and
quantitpTive Tests of displays used during scanning and during remote interpretation. Distance-
measufement variance and bias tests are required initially on some systems and regularly on
others.|See Table 4 and Clause 11. The maximum relative depth of penetration‘'and dptional
measufes are recommended to be absolute, as in performance evaluations, tqg allow
compafison with results from other sites. This test is not required when low-€c¢ho sphere tests
are pefformed. These measures should be self-consistent to detect changes in the ultrasound
systems tested over many years. Acceptance tests and other full-performance evalyations
are pait of complete quality assurance but are treated separately because they are dovered
by othgr standards already referenced. Several Level 3 procedures are specified by ref¢rence.

8 Equipment and data required

8.1 Phantoms and software
8.1.1 General

The tegt procedures described in this documeftshould be carried out using tissue-mimicking
phantgms and electronic test equipment, together with digital-image data acquired frpm the
ultrasolind scanner and appropriate software for image evaluation.

With appropriate attention, a phantomis likely to maintain its manufacturer-specified prgperties
and tolerances thereof for at least four years provided the user follows the recommended
maintepance and is scanning the'phantom modestly, less than 250 h per year. Tolerarjces on
some gpecifications are given in 8.1.2 and 8.1.3. The phantom's manufacturer should provide
at leas{ a four-year warranty: For water-based tissue-mimicking materials this durability[can be
attainefl by the warranty requiring periodic monitoring of the phantom's weight as spec|fied by
the mapufacturer. When' the weight has decreased by a specified amount, the phantomjcan be
returneld to the manufacturer for transfusion with sufficient aqueous solution to retlirn the
phantgm to its weight (and presumably ultrasonic properties) at the time of manufacturel, When
a phantom is.starting to desiccate — as water-based phantoms do — or otherwise [decay,
transitipn of ‘existing QA data to that with a new phantom is possible, if the two phantoms have
consisjent acoustic properties. If such a transition is undertaken, note clearly the timg of the
change-

8.1.2 Phantoms for Level 2 and Level 3 quality assurance

See 8.1.3 and 8.1.4 for additional specifications and Annex A for example geometries of a
phantom for both image-uniformity and maximum relative depth of penetration testing
(Figure A.1) and a more compact and less expensive phantom for image-uniformity testing only
(Figure A.2). Figure A.3 shows a phantom for assessing all three parameters, namely

— uniformity,

— maximum relative depth of penetration, and

— distance-measurement variance and bias.

Suitable phantoms for these tests can be constructed using, for example, water-based gels,
open-pore sponges or urethane rubbers, having microscopic inhomogeneities that are uniformly
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distributed throughout, to produce the desired attenuation level [15],[17],[24],[25],[26],[27],
[28],[29],[30]. Phantoms without other backscatter generators require particles, such as 40 ym-
diameter glass beads to provide backscattered signals at a controlled amplitude [28],[31].

8.1.3 Additional phantom specifications for Level 2 quality assurance
8.1.3.1 General

These specifications should be met in the 1 MHz to 23 MHz frequency range, except as noted.
These specifications include the components of high-contrast, (very-low-echo) sphere
phantoms. Several manufacturers2 can produce tissue-mimicking materials and phantoms
that comply with the following specifications. More stringent requirements are listed in 8.1.4 for
Level Jtests, other than image uniformity Tor which fax specifications are adequate.

8.1.3.2 Phantoms specifically for image uniformity and spatial tests, andoptiohal
Level 2 tests

Image pniformity, spatial size, resolution, and maximum relative depth_ of penetration tests
also may be performed with phantoms, or sections thereof, having‘background material
meeting the tighter specifications in 8.1.3.3. See the discussion in 8.14for cautions aboyt using
phantgms with the loose specifications of 8.1.3.2 for spatial size and optional Level 2 tests.

Speed jof sound: (1 500 + 100) m s~1 at 3 MHZ for image uniformity |testing
only.

Speed of sound fardistance measurement shall meet
specifications for Llevel 3 tests in 8.1.4.

Mass density: (0,95 to 1,15) gumL"

Specif|c attenuation coefficient: (0,3 to 0,9)-dB cm~'MHz~', choosing the higher erld for a
compact, image-uniformity phantom. The high| value
minimizes reverberation artifacts.

(33,77 x 104 cm~1sr-1) at 3 MHz and frequency (f)

dependence of (f?), where 3 < ¢ < 4 from 1 MHz to 23 MHz.

Backsc¢atter coefficient:

Scannihg surface: The scanning surface should allow acoustic contacf of the
entire, active area of the transducer with the phantgm.

Dimengions: For image uniformity tests, the phantom should prpvide a
uniformly scattering and attenuating field that exten(ds to a
depth of at least 6 cm.

8.1.3.3 Phantoms with high-contrast, very-low-echo spheres

8.1.3.3|1 General

T . specific
applications to body parts with speed of sound clearly
different than 1 540 m s~'!, materials with that speed of
sound may be used. In that case, the phantoms shall be
labelled clearly as intended for that application with a label
stating "nonstandard speed of sound of (insert the intended
speed) + 10 m s=1".

Speed

2 These include, for example, CIRS/Mirion Technologies, Norfolk, VA, USA (www.cirsinc.com);
Gammex/RM/SunNuclearl//Mirion Technologies, Middleton, WI, USA (www.gammex.com), True Phantom
Solutions, Windsor, ON, CA (www.truephantom.com) and Kyoto Kagaku Co., Ltd, Kyoto, Japan
www.kyotokagaku.com(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. These and lower-contrast,
sphere phantoms are defined in IEC TS 62791.
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Mass density: (0,95 to 1,15) g mL="1. For the high-contrast (very-low-
echo) spheres themselves, —40 dB sphere mass density
should be within 0,02 g mL-1 of that of the background
material.

Specific attenuation coefficient: (0,50 + 0,04) dB cm~"MHz~1 at 3 MHz and the value for the
high-contrast sphere material should be within 0,04 dB cm~—
TMHz=! of the background value. Deviations from these
values in the 1 MHz to 23 MHz frequency range should be
specified by the manufacturer.

Backscatter coefficient For the background material: 5*18 x 10~4 cm~'sr-1 at
3 MHz and frequency dependence of /9, where 3 1(] < 4,

and for the high-contrast sphere material, no higher (less

negative) than —40 dB relative to the background material.

Long-te¢rm stability: With appropriate attention, a phantom is ikely to maintain
its original values of backscatter coefficient within[+5 dB,
attenuation coefficient/frequency within48 %, propggation
speed 1 % and mass density +2 % for at least fouf years
unless under heavy use, i.e. more.than 250 h per yqgar.

8.1.3.3]2 Phantoms for use with adequate sensitivity in.thie frequency range 1 MHz
to 23 MHz

The phantom should allow imaging to a depth of at least\18 cm and provide for display of the
entire B-scan image frame. High-contrast spheres{should be available for detectability
assessment over the entire image frame and the diameter of these spheres should be specified
by the [manufacturer within +t8%. The mean number of spheres per unit volume should be at
least ope per millilitre, but the volume fraction consisting of spheres should not exceedq 15 %.
Scannipg windows should provide for contact\of the entire emitting surface of the tranisducer
(active|area of a transducer), while allowing elevational translation of the transducer|over a
sufficigint distance that the most likely number of spheres traversed by the scan plane at pr near
the focal distance(s) is 75 or more in as5 mm depth interval.

Spherg diameter: A diameter of 4 mm £ 0,2 mm is recommended for adequate
QA in the 1 MHz to 23 MHz range.

With sgme of the highest.resolution ultrasound scanners, a very-low-echo sphere diameter
betwegn 3 mm and 4 mm)might be found to be appropriate. For more complete performance
ion above 7 MHz, smaller spheres are recommended in 8.1.3.3.3.

8.1.3.3|3 Phantoms for use with higher sensitivity in the frequency range 7 MHz to
23-MHz

For highér sensitivity to resolution changes with transducers in the frequency range 7 MHz to

—3P et 2—+—0; Am—sphere—diameters are
recommended with imaging to a depth of at least 8 cm. High-contrast spheres should be
available for detectability assessment over the entire image frame and the diameter of these
spheres should be specified by the manufacturer within £8 %. The mean number of spheres per
unit volume should be at least eight per millilitre, but the volume fraction consisting of such
spheres should not exceed 15 %. Scanning windows should provide for contact of the entire
emitting surface of the transducer while allowing elevational translation of the transducer over
a sufficient distance that the most likely number of spheres traversed by the scan plane at or
near the focal distance(s) is 110 or more in a 2 mm depth interval.

8.1.3.3.4 Total internal-reflection surfaces

Total internal reflection surfaces may be used to conserve the size of phantoms and the
numbers of low-echo spheres needed for fabrication. It has been shown that for phantoms
with high-contrast spheres having diameters of 3 mm to 4 mm, two parallel, plate-glass surfaces
causing total internal reflection are acceptable in the phantom, as shown in
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IEC TS 62791:2022, Figure A.1 and Figure A.2. For phantoms with high-contrast spheres
having diameters of 2 mm, two parallel, planar, alumina or plate-glass surfaces causing total
internal reflection are acceptable, as shown in IEC TS 62791:2022, Figure D.1; a surface
roughness of the alumina of 6 ym or less is sufficient.

8.1.3.3.5 Spatially random distribution of very-low-echo spheres

To minimize manufacturing costs, the spheres are spatially randomly distributed. To verify
random distribution throughout a phantom, the measured distribution in various regions should
be approximated by the Poisson probability distribution function (IEC TS 62791:2022, 6.2.4)

Pu) =< (1)

where
v is the mean number of high-contrast sphere centres per millilitre.

For exgmple, if v =1 and P(u) is the probability of there being u high-contrast sphere centres in
an arbitrarily chosen 1 mL volume, the standard deviation (o) is ¢ = V42 1.

8.1.4 Additional phantom specifications for Level 3 quality‘assurance and optignal
Level 2 tests

Maximpm relative depth of penetration is used heres rather than maximum depth of
penetration, as defined in the referenced standard, IEC61391-2, because the more expensive
and perhaps less robust test objects that are required fér the absolute measurements specified
in [IEC $1391-2 are not absolutely required for qualityassurance. However, absolute mgasures
are regommended, using phantoms specified in.IEC 61391-2 to allow comparison of g user's
current/system performance with published values and those values obtained in that user's own
system| with other phantoms. The tissue-mimicking material should have the folllowing
properties. These are similar to those.specified in IEC 61391-2 except that a phaptom's
acoustic-property requirements, thoughinot its stability requirements, are relaxed hgre for
facilitiels using the same phantom fefJa long period of quality-control testing, or a segries of
phantgms having consistent propefties.

For all [pbut the uniformity and very-low-echo sphere phantom tests, more rigorous phantom
materigl specifications for.Level 3 QA over the 1 MHz to 23 MHz frequency range are as follows:

Speed jof sound (SOS): (1 540 + 10) m s~1, to avoid substantial complications.

When filaments$ are included with appropriate spacing to simulate 1 540 m s=' SOS for ¢ach of
the scgn geometries available on an ultrasound system, then (1 500 + 80) m s~' at 3 MHz is
tolerable./This extreme flexibility is allowed for quality assurance only, assuming appropriate
notificqdtions of the expected or possible errors in focusing and on- and off-axis djstance
measurements are on the phantom. Users should be instructed to use a filament group with
curvature close to that of the transducer, as can be seen easily on the image.

NOTE |If the speed of sound in the phantom is not as assumed by the ultrasound system, the focus will be displaced
and degraded. These are minor effects in the consistency checks of quality assurance. However, speed of sound is
of great concern in checking for distance-measurement error, unless that has been tested carefully in Level 3
performance tests and consistency has been tracked carefully in quality assurance tests. This flexibility is provided
because of the convenience and longevity of urethane rubber phantoms with SOS equal to 1 450 m s, typically.
However, for the majority of ultrasound systems, i.e. those that assume SOS equal to 1 540 m s~', different groups
of filaments are required, carefully spaced for their depth in the phantom to give unbiased distance measurements
for phased arrays and linear arrays. Filament placement on an angular arc specifically matched to the curvature and
placement of curved, linear arrays or to the placement of phased arrays is necessary. With any deviation of machine-
assumed SOS from the phantom SOS, deviation of the assumed angle or location of view of the filaments or in
assumed curvature of the linear array will cause errors in lateral distance measurements®. In other words, it is
impossible for a single set of filaments to provide correct lateral distance measurements for different linear-array
curvatures or for both curved arrays and linear arrays. These lateral/azimuthal and axial distance measurement
problems are not 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 filaments or other targets are placed at their expected
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distances. It is best to have the lateral distance filaments on arcs with radii of curvature that match those of the
arrays for which the filament patterns are designed.

Mass density: (0,95 to 1,15) g mL~" stable to within + 0,02 g mL~".

Specific attenuation coefficient: (0,50 + 0,04) dB cm~'"MHz=! dB cm~'"MHz=! at 3 MHz.
Deviations from this value in the 1 MHz to 23 MHz frequency
range should be specified by the manufacturer.

Backscatter coefficient: For phantoms not including the randomly-distributed, very-
low-echo spheres: (3f§;x 104 cm ~Tsr -1) (#10 dB) at 3

MH=z

Background material for phantoms including the ranflomly-
distributed, very-low-echo spheres:

5”% x 1074 cm~1sr =1 at 3 MHz. In both” cases the

frequency dependence from 1 MHz to\23 should|be f4,
where 1 < g <4,

The value of the backscatter coefficient of the phantom
should be reported as a function offrequency, together with
the results obtained with the phantom.

Scannihg surface: The scanning surface should allow acoustic contacf of the
entire, active area of the-tfransducer with the phanjtom. A
well to contain a thin~layer of degassed water or saline to
ease acoustic coupling is convenient.

Dimensgions: The useable phantom depth should be at least 22[cm for
testing maximum relative depth of penetration|at low
frequencies™\(2,5 MHz to 5 MHz) and deeper for lower
frequencies. The lateral and elevational dimensions|should
be such that there is at least a 6 cm wide by 6 cm thick
region” of uniform tissue-mimicking material at digtances
carresponding to the maximum relative depth of
penetration for the scanner and transducer under study.
Larger cross-sections might be required to proyvide a
uniform region when testing 3D scanning systems.

Target|position error: Filament or other spatial measurement targets shquld be
located and stable in each test object to within 0,1l mm of
the specified location. See IEC 61391-1.

8.2 Image data

8.2.1 Digital-image data

Level 3 test criteria described in_this document, particularly maximum relative depth of
penetration, are best applied to digital-image data derived from the ultrasound scanner being
evaluated. This requires knowledge of image-pixel brightness (grey) levels for all spatial
locations in the image. Digitized image data typically are in a matrix consisting of at least
640 x 480 pixels and at 8 bits (256 levels) of grey-scale resolution. Availability 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 1Q (real and imaginary) signal data are desired by many users. These
data are not required for procedures in this document. As described in Annex B, free software
is offered commercially, which is purported to simplify acquisition of these data, their recording,
storage and immediate and long-term analysis.

Scanners for which this document applies can 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:
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a) Direct DICOM® — images from the scanner [32].

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 preferred, 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 QA 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-
imalge data as well. Full-screen capture is available on many systems, sometimes by/|storing
a single image rather than a cine loop.

The second group of scanners includes those simpler devices that do not provide djgitized
image pata directly but provide standard video signals, i.e. image data that ‘¢an be captured
into a [computer and then analysed. For these, increasingly rare, scanners, a videg-frame
grabbef may be used to acquire digital-image data. The video-signal-grabbing shquld be
providgd under stable conditions to minimize signal distortions. The following provisiong apply:

— Thdg input dynamic range of the video-frame grabber should’be’adjusted to accomiodate
the|maximum signal amplitude of the video output.

— Thdq 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 eight bits or 2%6 grey
levels is necessary.

— Conversion-function linearity should be assured.

— Thq display spatial resolution (given by the pixel size) of the digital picture shall be at least
as good as the original video line density, 6f*the image.

— Thdg video-capture frame rate of the wvideo-frame grabber shall be high enough tp allow
acquisition of data to keep up with iaput data rates, if the imaged field is moved. Keep in
mind the difference between scanhing frame rate and output-video frame rate.

— A cpble matched for input/output impedance should be used to avoid reflections in the line.

— Imdge test patterns are required for scanner display testing [33]. In worst-case sitpations
the|ultrasound system's.display screen can be photographed with a digitizing CCD clamera,
under low light conditions and with repeatable photographic settings and field of vigw, but
this| is more difficuft to’control quantitatively.

8.2.2 Image-archiving systems

Many imaging-centres use commercially available picture archiving and communication slystems
(PACS) for(viewing and storing ultrasound-image data. Manufacturers of PACS systems usually
providg meéans to acquire images in minimally compressed "tiff" (tagged image file format) or
an uncompressed formmat, suchas a raw or g otCOM=-formmat {32 towork—stations—timat have
access rights to the image data.

Clips are sometimes only sent from the US scanner in compressed format. Those clips can be
sent with lossless compression, if possible. Or, as long as the compression ratio (compressed
size divided by original size) is kept constant over time for lossy compression, useful QA
measurements can be made from compressed clips. As usual, all system settings affecting the
measures such as gain, output, focal zones, are kept constant. All such settings should be
maintained consistently through all QA testing between the same and similar systems through
use of QA pre-sets.

3 DICOM® is the registered trademark of the National Electrical Manufacturers Association for its Standards
publications relating to digital communications of medical information. 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, with a digitizing
CCD camera, but this is more difficult to control quantitatively.

8.3 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 (1 < N £ 10) of sequential
elements, as is necessary for sensitive, image-based detection of reduced element (channel)
performance. 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. Thus, beam formation and scanning with
small numbers of elements is usually done in near-field focal zones of linear and curved-linear

arrays.[Availability o IS test sequence shou € described clearly and prominently (for
example, in 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

numbefs of elements selected for transmit and receive apertures. Ideally, (if five agjacent
elements are combined in the lateral direction for transmit and receive, the nextyaperture[should
drop one element on one end and add another on the other end of the aperture, and so ¢n. The
numbef of elements in each transmit aperture and each receive aperture(of this sequence and
their s¢quencing should be specified in the documentation. For 2D-afrays and other|arrays
where peam formation and scanning with a small number of elements*is not done clinidally, at
least fqQr short depths, a test sequence should be provided to allow' the simple QA tesfs of all
addresgsable patches or small groups of addressable patches”of transducer elements and
channgls, as provided in this document.

Small grouping of addressable patches may be reported to enable some disguise of promrietary
transdycer addressing methods. A better alternativenis a list of necessary statistics on patch
responges that should be agreed upon by user groups and the system supplier and reported.
This should include locations of outliers, withoutynecessarily giving a total number or [size of
patches.

Manufdcturer-provided or third party-provided electrical tests (Annex C) for which thé¢re are
strong pdata showing a good correlationywith these QA measures and which provide a nfapping
and summary of element performance may be employed by the user. However, the phjantom-
based QA tests for uniformity deseribed in this document should be performed at least fwice a
year to|verify that the provided.tésts are adequately 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 be easily
accessjble and employable by the end user. The capability for calibrating the system digplay to
the DIGOM grey<scale standard display function should also be provided [32]. Optimal display
calibrafion is appropriate and important for the ultrasound-scanner display since, in practice,
this displayis.Used for diagnostic interpretation.

9 Level 1 test methods

See 7.2 for additional information on those tests which should be performed and results
recorded daily, weekly, or monthly. Inspect all equipment, including scanner, monitor,
transducers and scan console, 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, the casing for cracks as a potential shock hazard and the cable insulation and
grommets for wear. Adjust settings to the most reproducible positions consistent with obtaining
the necessary images.
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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
transducer face of any gel or other materials and hold it in the air for the test. Adjust settings
as in the Level 2 tests, except increase the gain, if possible, such that electronic noise can be
barely seen. 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 might be possible to do so in engineering/service settings. If a transducer self-check
is available in the ultrasound system that electronically checks the performance of individual
elements or small clusters thereof, verify that the transducers have passed the test.

For monitor function, display the test patterns described in 10.3. Ascertain that the uniformity
and resolution of the image appears consistent with previous tests. There should be no more
than two defective pixels. The ambient light should not make it difficult to see details|on the
screen

In the |hard copy and stored images, verify that the images presented to.interpreting and
referring physicians show essentially the same features as on the ultrasodnd’ system [display
and, thpt the ultrasound system display shows what is seen on the interpretation copy.

These fesults/observations should be recorded in a checklist in a QA.record book in paper or
digital form and deviations should be acted upon in a timely manner.

10 Lepel 2 measurement methods

10.1 Mechanical inspection

As in Lpvel 1, inspect all equipment, including scanner, monitor, transducers and scan table, to
make slure all mechanical components are fullysxintact and all mechanical systems are fungtional.
Pay particular attention to power cables,\wheels supporting the system, air filtefs and
transdycers. Check the transducer face forlens damage and delamination, the casing forfcracks
as a pqtential shock hazard and the cable‘insulation and grommets for wear.

10.2 Image uniformity for transducer element and channel integrity
10.2.1 | General

The impge-uniformity test)Ns primarily a test of ineffective transducer elements or theif signal
channdls, including cables and connections [34]. Measurement results of all Level 2 tgsts will
depend on the system transducer, frequency and the operating conditions and mode [31]{ These
shall be specified-and employed regularly for consistent QA measurements that ¢an be
repeated for detection of change over time, as well as detection of unacceptable|image
uniformity.

10.2.2 L Apparatus scanning procedures and systom settings

Level 2 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
meeting the appropriate set of specifications in 8.1 or Table 4. Place the transducer in a liquid-
filled well or employ a coupling gel or lotion. All arrays, including convex arrays should contact
the phantom over the entire emitting surface. When this is not possible for a large convex
array, the tests may be performed with more difficulty using multiple views that together cover
the entire emitting surface. For tests other than elevational-distance measurements, a 3D/4D-
mode capable transducer, comprising a 2D-array or a mechanically scanning, linear array can
be operated in 2D-mode with the convex array or linear array fixed in position. Thus, it can be
assessed as a linear or convex array. Specific settings for other tests, such as maximum
relative depth of penetration, are provided in 11.2.2.
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Scanning procedures and system settings are as follows:

10.2.3 | Image acquisition

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

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

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.

Overlapping of annotations on the image shall be avoided.

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
Dispble the speckle reduction and any artifact-removal (particularly shadow-rgmoval)
setlings, if possible.

Exdept as otherwise noted, settings, such as frequency, should be in typical positigns that
are|used clinically, preferably at the pre-set (default) settings presented, by the system for
the|most common application and body habitus for that system and.-the'transducef under
tes{. All of the values for these settings should be recorded.

Thg grey-scale characteristic curve setting shall be reproducibléNt is possible but usually
not|essential, to measure the characteristic curve as detailed_in IEC 62563-1. The grey-
scaje characteristic display curve should be set to the ‘ofe that has the most| purely
logarithmic compression, a straight line in image-pixel value as a function of logatithmic,
received signal level. If these settings are not available} the characteristic curve of the most
important clinical application for that transducer should be chosen. In either case 4 50 dB
displayed dynamic range is preferred.

Obfain help, if necessary, on finding these and @ther settings affecting QA results andrecord
them, so that they can be reset if another operator has changed them.

Time gain compensation (TGC) should, be set to the most useful and then reprofucible
setfings possible. "Most useful" is A#for uniform brightness with depth. Often| "most
repfoducible” is flat TGC at either exfreme of maximum, minimum or middle gain.

Phgsed- and 2D-array tests are performed with a modified paper clip test in M-mode|[34] or
with special imaging sequences-from the system manufacturer as specified in 8.8. With
those arrays, employ the system test sequence provided by the system supplier, following
any| special directions provided.

All pettings should befrecorded and stored in QA uniformity- and penetration-test, pre-set
fileg to make reproducible tests practical with the more complex settings. Many| of the
setfings are recarded when only a single image, as opposed to a cine loop, is storeq.

Sighal processing settings, such as logarithmic compression, speckle reduction, and other
pretprocessing functions, as well as image-display settings, such as post-procgssing,
sholuld be\in typical positions that are used clinically, as mentioned above, and recorded.

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

Spread coupling gel smoothly over the scan path.

Press the transducer lightly to create a thin layer of gel under the transducer with a supply
of gel in front of the transducer in the direction to be scanned. Slightly less pressure in the
direction of scanning will help the transducer ride over a consistent, thin layer of gel.

Then move the transducer slowly in a direction normal to the scan plane, from one end of
the phantom or well to the other. Additional independent images can be obtained by 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
preferably 50 or more images individually or by frame grabber. Coupling and scanning
recommendations for electronically scanned 2D- and mechanically self-scanning (termed
3D- or 4D-) arrays are provided in Annex D.
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— 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

che

ck.

— Repeat until consistency is obtained (IEC 61391-2).

— When cine loop capabilities are not available, record images as rapidly as possible as the

tran

10.2.4

sducer is scanned slowly over the phantom.

Analysis

For high sensitivity and quantification, compute the median-averaged image value a;; over all
images, k= 1to N, in the sweep, or sweep and tilt, for each pixel at coordinate i,j. The resulting,

highly
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the image. For linear arrays that means simply averaging the image-pixel-values i
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other measurements, such as complete transducer-face imaging [36], or a complete el

test of

includimg production of profiles with convex linear arrays, are given in Annex B.

mised transducer elements or channels. To quantify the image brighthes
e, from 2 mm to 20 mm in each column in the image, while avoiding noisy sec
at depths over that range, from 3 mm to 10 mm. The hashed lines_in Figure 1 (rig

n of median values as a function of pixel number along the transducer surface fo
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ity in images from the transducer [35].

| narrow losses, or a multi-element loss greater than 6 dB, are considered def
n other than 6 dB and based on statistics of'the profile is given below. Three dg
ts well separated from each other are the'greatest number of defective elements
. With a 50 dB dynamic range and reasonably logarithmic compression, a loss
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vel range, or 26 on the 256-levelNscale shown in Figure 1. Some experience
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4 Examples are Matlab, and NIH imagedJ 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.


https://iecnorm.com/api/?name=64a5710774d9761f991fd4f3afc96d1e

A
70

60

50

Greyscale intensity (0:225)

40

30

- 30 - IEC TS 62736:2023 © IE

Median pixel level in image column, over 3 mm to 10 mm range

On the
of aun
the ran
the left

\J

50 100 150 200 250 300
Image column

Figure 1 — Median-averaged image (right) and its lateral profile (left)
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10.3 Randomly distributed high-contrast sphere visualization

10.3.1

Methodology

The basic unit for data acquisition for transducer types a) through e) of Clause 1 is a digitized
grey-scale image including the entire selected field of view. Typically, at least eight bits (256
levels) of distinct grey levels are realized. For transducer types f) and g) of Clause 1, see

Annex

D.
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The measurement protocol involves acquiring images while the transducer under test is
translated in the elevational direction over a section of the specified phantom. For those
performing only visual or 2D analysis, free-hand scanning can be utilized. When 3D analysis is
to be performed, or reanalysis is anticipated in the future, then spatially correct 3D scanning is
required. For those systems in which the beam axes corresponding to the image frame lie in a
plane (defining the "scan plane"), the transducer should be held in contact with a section of the
scanning window (with adequate coupling gel) by an apparatus which also allows translation in
the elevational direction, thereby allowing acquisition of image frames with scan planes parallel
to one another (Figure 2 and IEC TS 62558:2011, Figure A.7). The apparatus shall either allow
movement at a constant rate or in steps at a defined increment per image frame. The scan rate
or step size should be known for automated analysis but can be deduced by adequate image
analysis. The maximum translational increment between acquired frames should be less than
or equg Hoomefourthrofthe DpiIUIG drameter:

NOTE [t is customary that software and hardware will be made available that simplify acquisition)recorfing and
long-term storage of these data.
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a) Pimple transducer holder allowing manual, parallel b) Example of a manual quantitative
motioh, in the direction of the short white arrow, in equal, slider providing displacement}
chosen increments 1 mm/turn'with transducer holder a

adjustment [38]

-

d tilt

Transducer

IEC

c

Use of a carpenter's square and ruler to enable parallel motion in equal, chosen increments

Figure 2 — Examples of portable apparatus for moving the transducer: a) and c) in
equal, chosen increments or b) at a known rate

Recording, analysis, storage of results, comparison with past results (similar to that illustrated
in Figure B.2), and long-term storage of these data sets and results should be performed by

semi-automated software, such as that explained in IEC TS 62791. Such software is likely to
make ultrasound QA much more reproducible, precise, rapid and efficient.
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10.3.2 Procedure
10.3.2.1 General

Employ standard pre-sets for a common application for the transducer under test. Ideally, the
application chosen for pre-sets will be one in which small, spherical lesions are to be detected.
It might then be modified for the phantom used and stored as the QA pre-set for this test.
These and other similar tests of resolution and contrast are very sensitive to system settings
such as gain, TGC, focal zones and dynamic range and some post-processing. Adjust the TGC
at the most reproducible position that allows uniform brightness of the echoes over the imaging
depth. Adjust the gain to where signal or noise can just barely be seen in the darkest spheres.
Then decrease the gain by 6 dB (50 %). Save those settings as a QA pre-set for that transducer
model en-that scanner model Q\Alnnp the transducer in its elevational direction alnng the |ength
of the phantom for a linear array that will fit in the narrow direction of the scan windgow. For
convex| and sectored arrays, it is best to scan across the narrow width of the windowi.

NOTE It might prove simpler to translate the phantom.

10.3.2.2 Automated analysis
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[SOURCE: IEC 62791: 2022, \Eigure C.8.]

Figure 3 — Example of visual estimation of the two defined depth zones in which
spheres can be detected with two degrees of fidelity and clarity

If automatedsanalysis software is employed, the LSNR,, for the nth sphere with its centre lying

in the yolume segment determined in each depth interval, d, spanning the entire depth range
available, as In [EC TS 62791 [15] and [39], should be computed, preferably in overlapping
depth intervals. The mean of the LSNR,'s for all spheres with centres in a given depth interval
should be computed to obtain its LSNR,, ;. Select a set of reference values, LSNR; o1, for each
depth interval. These values might be provided by the manufacturer, acquired in acceptance
testing or acquired in the first periodic tests. Means of the values for the first few periodic tests
might also be used as reference values when there is substantial variability in the individual
values of candidates for LSNR,; rer- I QA measurements over time, plot a control chart, as in
Figure B.2, for each depth range, creating a 3D chart with (LSNR,; .ot — LSNR,;) on the
ordinate, test date on the abscissa and depth interval, d, on the z-axis. Report anomalies when
these numbers exceed the statistically determined control limits at any point. Control charts

might alternatively be plotted separately on each of the four numbers, or the single aggregate
number, C|, described below.
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Automatically detect the range over which the negative of LSNR,,,; is 2 1,41, between the bounds
A, and A,. If this useable range is in multiple segments, quote those ranges 4, to A,, A5 to
Ay, ... A, to A,. Compute the mean absolute value of |[LSNR,,,|-values over the useable range

or combined set of useable ranges. This mean absolute value is the mean useable contrast
over the useable range, |LSNR, 4|, for the single range, 4, to 4,, or the set of ranges: 4, to

Ay, A3 to Ay, ... A, to A, with total length 774 to &7, Also compute log |LSNR,,|. The product log
|LSNR,,| * A, is the transducer/imaging-device/imaging-mode, small-lesion clarity index, C|,

which is a single number that can be used as a figure-of-merit to quote as an overall
performance metric of the transducer in imaging small objects with the imaging device in the
employed mode. This procedure usually results in just four meaningful numbers, 44, A5,

|LSNR,l.—and the clarity index, C,. Occasionally A, will be replaced by 7 . These four

numbefs, or more if the useable range is split into multiple ranges, should be repafted by
manufdcturers in transducer/imaging-device/imaging-mode specifications.

10.3.2.3 Visual analysis

If automated-analysis software is not employed, visual interpretation is/p€rformed on|a cine
loop of|the imaged sweep, or other captured 3D image stacks. The images should be digplayed
at a rafe at which the viewer is most comfortable making the following-estimates of Zon¢ 1 and
Zone 2| Zone 1 and Zone 2 are, respectively, the depth ranges over which: 1) the sphefes are
clearly visible, 2) are reasonably well delineated, but with very linjited contrast. That rate|should
be repgated in the future. Examples are given in Figure 3 and\Figure 4.

Figure @b) illustrates an error in the ultrasound systenmsoftware. The large failure in facusing
in the 1,8 cm to 2,7 cm range in Figure 4b) occurred_inappropriately with a minor shiff in the
focal zpne placement from that in Figure 4a). While quality assurance consists mainly of
revealing changes over time at fixed settings, dt,is worth validating on phantoms any poor
system| function, whenever image quality is unexpectedly poor in clinical use at any set{ings.

+ 03 cmto4cm

]
I
I

v

t

Breast prese! :
IEC IEC

a) b)

Figure 4 — Additional examples of visual estimation of the depth Zone 1 and Zone 2,
each of which represents a certain degree of fidelity and clarity (IEC 62791)

Any clearly discernible and reproducible reduction in Zone 1 lengths, or in Zone 2 lengths that
are not due to increases in Zone 1 lengths, are considered an important change in the image
quality. These changes might be due to some other improvement in the image as perceived by
the service person or producers of software upgrades. However, if the measured change is not
due to deterioration of the phantom or measurement with incorrect coupling, the correction of
such changes should be pursued vigorously. These are considered the best overall measures
of ultrasound transducer and system performance.
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10.3.3 Data recording

Good record keeping is essential to performance of good quality assurance. A control chart
as described and illustrated in Annex B is a very effective way of tracking variation of a measure
within its own statistical variation to show what is significant. A database of some sort is required
to record and store these data for analysis. Annex E includes examples of simple workbook
databases for recording the data over time and performing simple analyses.

10.4 Image displays; system and interpretation; maximum relative depth of
penetration; spatial resolution

Maximum relative depth of penetration measurement is to be performed at Level 2 when
sensitiyity toss—is—suspected—See 02—t generat,the—absotute; Tather—thamtheTelative

measufements, are preferred, as in IEC 61391-2:2010 7.1.

Spatial|resolution measurements are optional as they are highly redundant with;very-low-echo
sphere visualization for detecting changes in system performance. The two:dimensiongl, axial
and latgral, spatial measurements have rarely detected system-performance defects or changes
not seeén by the required tests. Automated, three-dimensional, axial,. lateral and eleyational
measufements are becoming available. These beam profiles are likelyio have the prec|sion to
providg, in three curves, only slightly different performance information on a transduger and
system|as a does a single, very-low-echo sphere curve. See IECFS 62791 or, in latergl, axial
and elgvational directions, IEC TR 61390:2022, 6.3.3.2 to 6.3¢34] for good procedures.

10.5 Distance and other spatial measurements
Only under the following conditions are these measurements required in Level 2 tests:

— when distance measurement instability or inaccuracy is suspected;

— whegn measuring elevational displacement in mechanically swept linear, curved-lingar and
phgsed arrays;

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

— in mechanically swept single~element, annular-element, 2D-array- and similar scan-heads.

Those gystems are more s@bject to subtle errors than systems with displayed distances|relying
only om modern digitalsclecks and spacing of elements in a rigid array. Particularly when
distange measurements are critical, as in obstetrics, distance measurement accufacy in
mechafically scanned directions should be measured at least annually. The accufacy of
measufements onlthese less-stable systems should be tested as well as the uniformity of the
distange scale. )The first QA tests on a system should include a full set of djstance
measufements; if acceptance or other performance evaluations have not been performed,
and dofumentation of all distance measurements has not been verified.

Specific instructions are provided in 10.4 and in IEC 61391-1:2006, 7.4.

11 Level 3 measurement methods

11.1 General

These tests should be performed and results recorded at least every other year, using
phantoms defined in 8.1. They should also be performed upon acceptance testing and when
problems such as system sensitivity and display-system performance are suspected and clear
problems are not documented by the image-uniformity tests. As in 10.2.4, the results of tests
should be plotted in control charts to aid selection of significant deviations from the mean or
median of the measurements. See Clause B.2.
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Measurements of the grey scale characteristic curve or at least the local dynamic range,
according to IEC 61391-2, is recommended upon acceptance testing at least for one of the
scanners of a given model. Furthermore, the user is reminded to repeat all the Level 2 tests of
Clause 10.

11.2 Maximum relative depth of penetration
11.2.1 Assessment

The maximum depth of penetration is currently the best imaging method for simple tests of
ultrasound system sensitivity. Similarly, after that, the maximum relative depth of penetration
is currently the next best imaging method for assessing changes in system sensitivity. Because
the megsurement s Tetative,theproperties tam bedefimed Tetativety toosety,as—m11.2.2.
However, for comparisons with others, it might be helpful to use the more tightly defined|values
specifigd in IEC 61391-2:2010, 6.2.2 and 7.1. Visual measurements of depth of penetration
might Qe too inconsistent to document modest changes in system sensitivity; procedurgs have
been developed to quantify this measure. Since the image uniformity and very-low-echo
spherg measurements are also related to system sensitivity and measure, more frequent and
diversg problems with the transducer and system, performance of thesé tests maKes the
maximum depth of penetration or relative penetration an optional measurement in Leyel 2.

11.2.2 | Scanning system settings

The following is adapted with minor changes from IEC 613912:2010, 6.2.2 and 7.1. Maximum
relative depth of penetration should be measured at the.pre-set (default) frequency prgsented
by the gystem for the most common application for that.system and transducer and for any other
transdycer, whose sensitivity is suspect and is not already slated for repair after image-
uniformity tests. To determine the maximum relative depth of penetration, the qystem-
sensitiyity controls should be adjusted to provide, echo signals from as deep as possible into
the phantom. This adjustment generally requires the following.

a) Thd transmit energy (labelled, for example, "output”, "power", etc.) should be at its highest
setfing.

b) Thqg transmit focal distance is positioned near its maximum, i.e. as close as possibl¢ to the
apparent maximum relative-depth of penetration.

c) Thg system overall gain and TGC are set at high enough levels that electronic rfoise is
displayed on the imagexmonitor or until some pixels approach maximum brightnesg in the
reglon where relativedepth of penetration is measured. In the latter case, displayed dynamic
range should be sét to its largest setting. In either case, care should be taken to velify that
imalge pixels arg'not saturated or that a real signal is not displayed as zero, i.e. pegged high
or lpw.

Signal | processing settings, such as logarithmic compression and other pre-prog¢essing
functiops,, as’ well as image display settings, such as post-processing, should be in|typical
positions.that are used clinically, preferably at the pre-set (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 pre-set is used, the intended clinical application for the pre-set as well as the
above control setting values should be recorded.

These tests are performed in the most common mode employed, for example harmonic or
fundamental. The latter is best in most cases unless the phantom is not deep enough to provide
a measurement. If clutter from multiple scattering in the phantom appears to extend the
measurement to unrealistic depths, consider choosing a different standard set of controls or
consider the possibility that scattering in the phantom is too strong.
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Image acquisition

The maximum relative depth of penetration is determined from the image-pixel signal-to-
noise ratio versus depth. A cine loop of images is acquired while sweeping normal to the image
plane across the relative depth of penetration phantom. For this acquisition, the scanner is
optimized for maximum performance (Figure 5a). This optimization usually results in the
background echo-signals from the phantom fading into the displayed electronic noise.
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[SOURCE: IEC 61391-2:2010, Figure 3.]
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Figure 5 — Maximum relative depth of penetration — image acquisition
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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.
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11.2.4 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 of
the phantom with each image labelled k. Then each voxel in a 3D-matrix is labelled a(i,j, k). A
mean value of 4(i,j) should be obtained by averaging data from all the images. The mean pixel
value (grey level) versus depth, A(j) is then computed by averaging pixel values corresponding
to a constant depth from the transducer. With sector transducers such as phased arrays and
curved-linear arrays, it might be necessary to apply a more complex ROl when computing the
A(j) values, unless the width of the ROI is narrow, such as less than one-tenth of the sector
width a HFHHH —Simitary—t{-the-meanphcelvalue 2y level
in the ROI) versus depth should be determined for the image containing noise only.

e a-daonth = - 1] ann sl sl a o0 o on = oo

Typical plots of 4(j) and A4'(j) versus depth are illustrated in Figure 6. The A(j) yalues afe seen
gradually merging towards the 4'(j) as depth increases. Let s(j) be the depthtdependent echo-
signal level, that is, the average echo-signal versus depth in the image inthe absence| of any
electropic noise. Assuming the signal and noise are not correlated, and that the B-modqg image
is a digplay of the echo-signal level, it can be shown that the averageZsignal versus dgpth for
the imdge of the phantom is

A() =As ()2 + A4 ()2 A= () + 4 () (2)

Thus, the signal-to-noise ratio for depth, j, SNR(/)\is

(3)

The sofid line is 1,4 4'(j)w.and it intersects A(j) at a depth of 19 cm, defining the maximum
relative depth of penetration.
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Figure 6 — Mean digitized image-data value versus depth-for the phantom image|data
(A(j)) and for the noise-image data (4'(j))

The depth at which the signal-to-noise ratio decreases to 1 should be taken as the maximum
relative depth of penetration, or the maximumcdepth of penetration, if using a calibrated
phantgm. This corresponds to the ratio A(j)/4'(7) = 1,4, i.e. where 1,4 A'(j) crosses the A())
curve. Also, for cases in which s(j) is not proportional to the echo-signal level, the value A|(j)/4'(f)
= 1,4 should be used as a practical definition,of the maximum relative depth of penetration.

Resultg of this immediate analysis of, maximum relative depth of penetration shquld be
record¢d in a database [37] as referenced at the end of 10.2.4.

11.2.5| Commentary

Unlike the performance-evaluation standard IEC 61391-2:2010, 7.1.3, this measurement of
relativd depth of penetration into an attenuating phantom cannot be used to compare imaging
performance of similar-systems, unless the tests are performed on the same phantom|or with
a phantom meeting-the more rigorous specifications in IEC 61391-2. If the same phantom is
employed, the i/maximum relative depth of penetration can be used to evaluate effects of
system| upgrades, and in some cases help identify faulty transducers when the fault regults in
subtle loss (of)sensitivity. Measuring the maximum relative depth of penetration can bg useful
during cceptance tests onIy when comparlng wrth pre- purchase tests performed wrth the same
phantom. T ] f . fecrease
in lateral resolution because of preferentlal attenuation of hlgher frequency components of
pulsed-ultrasound beams in tissue and, if low-pass filters are used, in the receiver of the
ultrasound instrument. Thus, the maximum relative depth of penetration reveals only one
aspect of image performance because it provides no information on spatial- and contrast-
resolution at the depths considered. Thus, relative depth of penetration should be considered
as a simple but valuable tool for estimating a "best case" of imaging, where only loss of signal
or electronic noise limits the ability to visualize a large target.

Some imaging systems, particularly those operating at lower frequencies, provide depth of
imaging performance that exceeds the available path lengths in most phantoms. When this is
the case, 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-to-noise
ratio (SNR) at some specific region of interest (ROI) in the image field over time.
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11.3 System-image display
11.3.1 General

Consistent presentation of ultrasound images is important as the images are transferred over
picture archiving and communications systems (PACS) and displayed at various locations. This
need for consistency in presentation is not unique to ultrasound image displays but applies to
most medical imaging devices. As health systems grow larger and the number of remote
imaging centres increases, it is imperative to ensure that images viewed on network-connected
monitors are consistent with the images displayed on the scanner monitor and viewed by the
sonographer when adjusting system controls. A standard called the greyscale standard display
function (GSDF) has been W|dely adopted for grey- scale medlcal -image V|ewmg, and it has

ues on
displays based on the Barten model [32], which holds that equal changes in digitalfvalues
equal changes in perceived brightness. The GSDF compliance can bg|achigved by
transfofming digital image values into digital driving levels (DDLs) accepted by,'axdisplay|device
to produce luminance values that are related to input digital image values by, the GSDF|([32].

For thg majority of medical imaging modalities, including digital radiegraphy, CT, MRI, and
nucleaf medicine, the GSDF is followed for the image-review workstation display. Hovaer, in
diagnostic ultrasound imaging, there is a wide variation in the current state of practice pertinent
to the performance evaluation of the ultrasound display manitors, particularly in the prea of
consistent presentation between the scanner display and the(RACS display. This inconsjstency
might §tem from the following issues.

a) IEQ 62563-2 categorizes medical display devices_into three categories: I, Il, and Ill.[{One of
the|main characteristics to determine which category an image display belongs tq is the
GSPF compliance. Only category Ill is designated for those image display devices that have
lumiinance response functions other than>GSDF. Ultrasound scanner displays shquld be
categorized in accordance with IEC 62563-2 indicating Il or Ill. Category Ill scanner displays
can| cause a great uncertainty in ultrasound image presentation along the imaginj; chain

from scanner displays to other displays, including multi-functional reading-room workstation

displays that follow the GSDF. Ifxa_scanner display is designed to be stand-alone qgr to be
netyorked with only the displays-of its own kind, the users should be made aware.

b) Sorme ultrasound vendors employ a strategy of applying image processing to the s¢anner-
display look-up table (LUT) instead of to the images in the presentation-value (P-value)
sp%}e. In such situatiens, the image enhancement achieved by processing on the gcanner
display is not transferrable down the presentation stream to the PACS display.

c) Thdre is a lacktofguidance specific to the ultrasound image modality. While th¢re are
standards for-medical imaging displays, the guidance for various imaging modalities is
generally provided with blanket criteria not ideal for the unique visual tasks and evollition of
preference-in diagnostic ultrasound-imaging procedures. Ultrasound images typically do not
havle the dynamic range of radiography from which the blanket criteria evolved. Also, the
ambient’ light varies widely in ultrasound scanning rooms, leading to the necessity to gpecify
the viewing conditions.

d) Test patterns of standardized display testing are not universally available on ultrasound
scanners, limiting the visual evaluation of the ultrasound display performance to verify the
consistency in presentation. Many users are obliged to rely on the ultrasound vendors to set
up the display monitors with no quality assurance testing tools.

The evaluation methods described in IEC 62563-1 and [21] are for medical-image display
systems in general. All test patterns referred to are specified in detail in the American
Association of Physicists in Medicine's (AAPM's) TG-18 report [21] or its updated versions in
the TG-270 report [33] and their equivalents in IEC 62563-1 and [40], and these patterns are
available as digital images. Routine ultrasound system display assessments and recommended
frequency of tests are described throughout 11.3 and summarized in Table 5. The assessments
should be performed more frequently than specified here, if so recommended by the ultrasound
(US)-system and interpretation-station manufacturers.
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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 screen surface scratches, cracks, pen marks, and mechanical stability of the display
support.

Visual assessment of overall display performance should be done with the TG18-QA pattern
(see Figure 7) [21]. The 5 % contrast patches starting at 0 % and at 95 % of maximum
luminance should be used to evaluate quickly the luminance contrast-response in the minimum
and maximum-ends of the grey levels. The visibility of 5 % and 95 % should be clear. Along the
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small cprner patches that differ by +4 pixel values from the patch background, +4 .in|th
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IEC


https://iecnorm.com/api/?name=64a5710774d9761f991fd4f3afc96d1e

—-42 - IEC TS 62736:2023 © IEC 2023

11.3.3 Level 2 and Level 3 display tests
11.3.3.1 Ambient luminance

Ambient luminance (L) refers to the luminance generated from the reflection off the surface

of the display of sources of visible light, other than the display itself. The ambient luminance is
superimposed on the user's view of the clinical image, reducing the image contrast and
interfering with the visibility of the displayed image. Due to the mobile nature of ultrasound
imaging systems, it is crucial to monitor the ambient luminance and its effect on the perceived
luminance response of the display. The ambient luminance can be measured directly. However,
it is not easy to do. Alternatively, the ambient illuminance can be measured and multiplied by
the diffuse reflection coefficient (Ry) of the display screen to calculate the ambient luminance

value, With the assumption that no specular reflection occurs in_a well-controlled. yiewing
environment. It is important to understand the different reflection properties of various displays.
Typical values of Ry range from 0,002 cdm~2jux~" to 0,010 cdm~2lux~", thoughMhigher|values

are pogsible with glossy displays or protective panels [33].

The appropriateness of the ambient luminance level is determined by the |lsafety factof «, the
ratio of|the ambient luminance (L ) versus L'y, which is the sum of’the minimum luminance

(Lnin) @and the ambient luminance (L,,). It is recommended that the safety factor a be less

than 0,6 for category | displays as specified in IEC 62563-2. I/is-also noted that if the room
illumination conditions are stable and the ambient contribution”to the display luminance is
considgred in the luminance response calibration, then the(safety factor « is not mandatory.
Some pltrasound systems have display configurations fof totally dark, semi-dark, and light
viewing conditions. To accommodate the different ambient light levels, the minimum luminance
of the display is increased for higher ambient light levels and the luminance response flinction
is adjugted accordingly. It is important that the ultrasound system display is calibrated ac¢ording
to the assumed ambient light of the ultrasound gmaging environment. In situations where the
ambient light is not controllable, for example pérforming a portable ultrasound exam in @ bright
room, fhe user should be aware of the potential for degraded contrast at the lower end of the
grey levels and can use the Level 1 visual assessment testing method described edrlier to
assess| the reduction in the visibility of the low-contrast subjects in the darker region of the
TG18-QA pattern.

11.3.3.2 Luminance responsge function

IEC IEC IEC

a) TG18-LN8-01 b) TG18-LN8-09 c) TG18-LN8-18

Figure 8 — Examples of TG18-LN luminance patterns for luminance measurements [21]

The quantitative evaluation tests involve measurements of the luminance values at various
image grey levels. A set of 18 test patterns (TG18-LN-01 to TG18-LN-18) was designed for this
purpose. Each pattern consists of a central test region embedded in a uniform background with
central pixel values of 0, 15, 30, ..., and 255 (see Figure 8). The patterns cover equal
increments of pixel value over the entire range of pixel values. The luminance (L) at the centre
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of the pattern is measured. The combined luminance for each step (L’) is the sum of the
measured luminance (L) and the ambient luminance (L,,,). These combined luminance values

at various image grey levels are used to generate the luminance response function. It covers
the range from the minimum luminance, L'y, to the maximum luminance, L', ,,, and the steps

in between. Based upon the measured luminance response function, the contrast-response
function is calculated and compared to the one calculated from the GSDF to check for GSDF
compliance.

The AAPM-TG270 Report extends the luminance response measurement from the 18-point test
in TG18 to a 256-point, full grey-scale evaluation [33]. This method is only necessary during
equipment purchase evaluations and when troubleshooting, if further investigation is needed.

Automated h:thg software for this kind of measurement is desirable

11.3.3.8  Minimum and maximum luminance

The mipimum luminance, L,;,, is the luminance when the minimum pixel value is displayed.
Based Lipon the manufacturer's configuration, this value can vary widely from hear zero tq above
1,0 cd/m2. Given the recommendation of the safety factor a = L /L min ' ©0,6 in IEC 62563-2,
total dgrkness for L, is not desirable. When L, is too low, the effécts of ambient luminance
can obscure the contrast presented in the darkest regions of the image.

The mgximum luminance, L, is the luminance when the maximum pixel value is displayed.
TypicayF, the ultrasound scanner display has lower L (than the reading room worKstation

displayp. This condition is important to verify during<@ceeptance testing. The stability] of the
maximyim luminance should be verified during Leveh2 and Level 3 tests.

The ratjio of the maximum combined luminance&,ax = Lmax ¥ Lamp) t0 the minimum combined
luminance (L'in = Lmin * Lamp) is defined as the luminance ratio (r'). ' shall be greater than

100 forlboth category Il and category Il displays (IEC 62563-2). The stability of the lunjinance
ratio should be verified during Level 2 and Level 3 tests. The »’ can be monitored for & quick
check ¢f the presentation consistency.from one display to another.

11.3.3.4 Contrast responsé

An obsgrver's perceptionefiimage brightness and contrast is determined in part by the gchange
in lumipance for each_grey level change, i.e. the slope of the measured luminance regponse
functiop. The difference in luminance per grey level change is called the contrast regponse.
Based [upon the luminance response function, the contrast response function is calqulated,
which is then compared with the expected contrast response for a DICOM-GSDF displpy with
120 % |variation-limits for category Il displays (IEC 62563-2). It is an essential metric for
presentation consistency.

11.3.3.5~ Display luminance uniformity

Luminance uniformity can be inspected by checking the variation in luminance at different
regions of the display of a uniform image as shown in Figure 9. The global uniformity of the
display can be evaluated qualitatively by visually inspecting a uniform display, or quantitatively
by measuring the luminance using a photometer at the centre and at the four corners of the
display and calculating the maximum luminance deviation (A;) as the following, with Ly;,,, and

L, being the highest and lowest luminance, respectively.

Lyqnh —L
A, = 2 Lign ~Eiow @

L hight+ L jow
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The criterion for maximum luminance deviation is 30 % (IEC 62563-2). Global nonuniformities
usually do not interfere with clinical interpretations of the display [33], though such
nonuniformities might reduce the displayed dynamic range in parts of the image. However,
localized non-uniformities such as burnt-in artifacts or bad pixels are of greater concern as they
can interfere with clinical interpretations.

QQ IEC

Figyre 9 — TG270-ULN uniformity and Iumina§% test pattern (TG270-ULN8-127 with
1

background 8-bit grey |

N
Table 5 - UItrasou@ image display QA tests

27 is shown) [33]

QA tests ) Equipment Patterns Testing
) \O frequency

Visual Inspection of display mechanic\al\q\)ggrity None None Monthly
Visual assessment of overall disp[a@élity None TG18-QA Monthly
Visual assessment of Iuminan@qn’lfcrmity None TG18-UN8O Monthly
Ambiert luminance f'Q\ Photometer None Annual
Luminance response%%n and Photometer TG18-LN-01 to TG18- Annual
contragt response w_ n LN-18

Global uminan&@formity Photometer TG18-UN8O Annual

A work irthe-spreadsheetformatis—available—o ableE-3H or—eisplay-QA—ef which

the first sheet is a summary report of visual assessment and quantitative measurement results
and the second sheet includes the 18-point luminance measurements and ambient illuminance
measurement to assess the GSDF compliance. Additionally, a more comprehensive worksheet
is available [41] to include more advanced testing such as chromaticity uniformity evaluation
that, using a colour meter, measures the colour coordinates (u', v') at the centre and at the four
corners of the display screen and verifies the chromaticity uniformity by checking the colour
uniformity index A(u’, v') in the (u', v') space [25], see IEC 62563-2. A full analysis of the colour
performance over the entire luminance range of a display by measuring the colour coordinates
(u', v') for various grey levels and the grey-scale chromaticity can be evaluated [25], see
IEC 62563-2. The colour difference between two displays or multiple displays in the same image
presentation chain can be evaluated in this way.
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11.4 Distance and other spatial measurements
11.4.1 General

To be performed for all systems and transducers in Level 3 tests.

11.4.2 Apparatus and scanning system settings

Employ a phantom specified for lateral/axial/elevational-distance measurement accuracy, such
as those detailed in IEC 61391-1. Settings can be those used for clinical imaging where
absolute measurements are critical, for example, obstetrical, or at settings chosen to minimize
the variance and bias in these tests. The latter employ a reIat|ver hlgh contrast setting, for
example y erangeT6E6atreproducible—settings—she stafreeqtargets
at apprommately uniform brightness, and gain or output to show the targets at moderately low
brightness.

11.4.3 | Image acquisition

In a test object designed for distance measurements, scan filaments or ‘other targets frlom the
window designed for that group of targets. The largest target separatien should be sufficiently
large for testing the accuracy over nearly the full range used with.the transducer. If a fuler is
imaged, scan it as described in 11.4.2. To test distance measurement in the elevational
directign for a 3D- or 4D-scanhead, or even a linear array with 'some form of 3D tracking, align
the trapsducer assembly so that each image scan plane is parallel to a filament or a d|stance
marking on the ruler. Refine the alignment by ensuring that the distance markings on the ruler
or the filaments can be visualized clearly, producing the_maximum signal from the target that
can be|achieved by adjusting the tilt of the transducer assembly. Set the gain so thaf these
targets|are all visible as the 3D-sweep is performed,\but not made larger than necessary in the
display| by use of a gain setting that is too high.-.Perform and record a scan and verify that all
targets|in the 3D field-of-view are seen clearly:and fully without coupling artifacts. For djstance
measufrement in the lateral and axial directions, perform the scans with similar alignmgnt and
precautions as for elevational measurements, but align so that the image plane is perpendicular
to the fjlaments or markings on the ruler:

Repeai those tests for area and: volume measurements when those measurements are
automdgted or precise and unbiased measurements are particularly critical, as il many
obstetrjcal assessment systems.

11.4.4 | Analysis

Measufre the filamént positions or the distance marker positions at every 1 cm marker gr some
increment providifg at least four measurements. Spacings and the distance between the two
most d|stant.pesitions should not differ from the expected values by greater than thos¢ set in
the mapufacturer's specifications. For distance measurements along the axis of the trangducer,
the mepsdrement should not deV|ate from the expected value by 1 mm or 2 %, whichever is
greater: Id not
deviate from the expected value by 2 mm or 3 %, whichever is greater

Results of this immediate analysis should be recorded in a database (IEC 62563-2) as at the
end of 10.2.4.

11.5 Performance in clinical use and evaluation of QA programme

Survey the chief user and interpreter of the QA tests whether changes or insufficiencies in
system performance have been observed. Record and investigate any problems noted.

Assess the QA programme, evaluate variance and any bias in the measurements over time and
compare with available norms. Check that appropriate actions are taken to correct problems.
Identify areas where QA testing can be improved.
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Annex A
(informative)

Example phantoms for full coupling with curved
arrays, particularly for image uniformity tests

A simple method for creating high-contrast, low-echo-spheres and a random distribution
thereof in a relatively low-cost phantom has been described [42]. 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 gel or
urethane with a homogeneous distribution of scatterers. The 9 cm wide well in the top aids
coupling of curved-linear arrays. A more compact phantom of similar materials, exeept high
attenugtion to avoid reverberations, is shown in Figure A.2. Two circular wells ar€ sh
scannimng by rotation of the transducer rather than a linear sweep. The large and small wells are
for slightly and tightly curved linear arrays, respectively. A versatile phantom-with a
well tolaccommodate various radii-of-curvature (ROC) of arrays is shown_ in_Figure A[3. Two

temporplly stable, inexpensive phantoms for image uniformity tests are shown in Figur

bwn for

conical

e A.4.

For more rigorous measurements, with less chance of acoustic-contatt problems [3], scatterers

inaco

transdd

then ci

ne loops are acquired.

R11 (radius
of curvature)

stantly stirred, well mixed, liquid can be employed. No scafnning motion is requirg¢d. The
cer is lowered into the liquid at the minimum distance to €stablish good acoustic qontact;

Dimensions in centimetres

IEC

Figure A.1 — Example phantom for image-uniformity and
maximum relative depth of penetration tests


https://iecnorm.com/api/?name=64a5710774d9761f991fd4f3afc96d1e

IEC TS 62736:2023 © IEC 2023 - 47 -

Dimensions in centimetres
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of curvature)
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Figure A.2 —- Example compact phantom fé(mage uniformity tests
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Dimensions in centimetres

Proximal and distal ends
of scanning window for
smaller ROCs

- 75%3
flat
segnning
window
8 x 5 flat L
scanning window
y

Proximal and distal ends
of\scanning window for
larger ROCs

IEC

Three-in-one phantom end view with

Wwindow for 0,5 cm to 3 cm ROCs upward Ec

Figyre A.3 — Photograph and drawing of a three-in-one phantom which provides for
deternmpination of distance measurement precision and bias, image-uniformity, very-low-
echo sphere visualization, and depth of penetration [39]

Two cgne-shaped scanning.windows are on opposite sides; together the two windowp allow
direct dontact 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 photaograph; the windows have a metallic appearance because they consist of
plastic{coated altminium foil, which transmits the ultrasound beam but suppresses desigcation
of the fissue-mimicking phantom material. The cork layers are for preventing sliding| of the
phantgm when on a smooth surface. A third flat scanning window is shown on the sidg of the
phantgm{for'accommodating other transducer shapes such as linear arrays and phased [arrays.

More specific phantom designs for very-low-echo spheres are presented in IEC TS 692791.

Figure A.4a) 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 are attached to the bottom and right end. This phantom would serve
better if a bit thicker. Figure A.4b) depicts a fast, reliable uniformity phantom that is almost as
compact and robust as that in Figure A.4a)
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ACCREDITATION

Unitorinity

IEC

a) A compact uniformity phantom of durable rubber b) A unif hantom with soft scapning

material for many transducer shapes® surf o conform to all diagnogtic
O\ transducer shapes®

Figue A.4 — Two temporally stable, inexpensive p@oms for image uniformity tests

5 Gammex Sun Nuclear Model Sono TE (https://www.sunnuclear.com/products/sono-ultrasound-phantom
accessed 2021). This information is given for the convenience of users of this document and does not constitute

an endorsement by IEC of these products.

6 CIRS Model 551 Uniformity Phantom (https://www.cirsinc.com/product-category/ultrasound/ accessed 2021).
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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Annex B
(informative)

Available analysis software

B.1 Open source software for assessment or tracking of ultrasound image QA
data

Some examples of known software for QA purposes are listed below’[1]:

- Ultqal@ “TTablon Medical, NL)

Thig company has developed a software application for automated evaluation and rejporting
of filtrasound systems dedicated to Level 2 and Level 3 applications, in€luding| image
uniformity. (http://www.ultraiq.com); accessed 2021-06-24.

- QApUS™

G. Weijers, J. M. Thijssen, and C. L. de Korte. Quality Assurance_4-medical UltraSound
equipment. (Radboud University, Nijmegen, NL) MUSIC QA4US3\website; accessed 2020-
06-P4; a modular software package that can be used forLevel 2 and Level|3 test
requirements.

— CIRS QA Portal

Softfware included with the purchase of any of four gepefal-purpose phantom models|(CIRS,
Inc] Norfolk, VA, USA. https://www.cirsinc.com/software/qa-portal/ , accessed 2020-0D6-24).

— QA|Track Module, Ultrasound

Trapking of QA data and bar code-based tracking of transducers and systems, Attrix Medical
Sydtems, Minneapolis, MN, USA.

Nottingham University Hospitals, “Medical Physics & Clinical Engineering, UK; software

Image Uniformity Quantification Software: One algorithm is described here as an example of
quantitative measurements.of image uniformity and as a convenience to users of this dodqument.
This ulti-platform _software is available as a plug-in to NIH Imaged. (Ffee at
https://pithub.com/sclarsonmp/Ultrasound-uniformity. Maintenance for latest operating systems
might be demanding.) TIFF images and stacks and uncompressed DICOM data containing

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

7 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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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 MA4Ds integrated over all scan lines in each signal valley, as well as
the same integration over columns one-element wide.

In Figure B.1 data are analysed for the transducer in Figure 1 but without the nylon filament
obstructing some central elements. On the left, the profile of median pixel value is plotted for
each image column in the white analysis box in the median image on the right. Tentative
recommended action thresholds are as follows:

A signal valley of area (in columns one-element wide) divided by a mean greater than 0,4 is
worth counting as a defect of possible concern. More than two such defects are warthy of
recommending repair, replacement or further testing. A finding of normalized area-greater
than 0,p in a single valley is worthy of an "unacceptable" rating and a request. for [repair,
replacgment or further testing. A strong justification should exist for a recomméndatioh of no
further[action. These recommendations are yet to be verified on a large numbgrof trandducers
and, infany case, might be subject to the individual institution's assessment, of the importance
of the defect to clinical practice. These quantitative criteria assume correget entry of the number
of transducer elements. If this number is unknown, a reasonable guess for high-end slystems
in 2021 is (128 + 192)/2 = 160. Taking the area of the dip in pixel values is like taking alcertain
numbef of decibels assuming a standard dynamic range setting,and a purely loggrithmic
characferistic curve. This latter assumption is most accuraté/in the middle of the|image
brightness range.

e
s

Profile

Pixel value
[02]e)]e)Te)]
OO~N00©

AN
3
/

0|25 50 75 100 125 150 175 200 225 250 275 300
Median 1.MAD 2 MAD 3 MAD Image column

IEC

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

Figurg B.1< Example of data analysis for the transducer evaluated to generate Figure 1

After being made aware of these defects by this procedure and having quantitative measures
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
most defective transducers currently in the user's possession can be replaced as the no-cost
opportunity arises. See below for a step-by-step example of performing this analysis.
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The bottom two rows of Table B.1 provide a listing and measured characteristics of the signal
dips. "Min" and "Signal at half max" are in pixel values. "Area" is integrated pixel value in the
dips and "mean" in "Area/mean" is the mean pixel value in the analyzed area of the image.
"Dip depth (dB)" is the maximum depth calculated assuming a purely logarithmic compression
and the entered dynamic range of 70 in this case. "Dip Area (dB elements)" is just the integrated
dip area in decibels. Another column should be added, giving the distance of each dip from the
end of the transducer that has the bump or ridge provided on it to aid orientation in clinical use.
MAD is defined as the median of the absolute deviations from the data's median. These sheets
can be worksheets in a workbook for the given transducer, scanner or facility. A master
spreadsheet should keep the results for a given transducer in a column for documentation and
analysis of change.

Table B.1 — Output of image uniformity analysis

Nolumes/Englewood Users pearsondh locoHills2 ASmallFryles AAPM_ATRCAIUM IECTEI
i oM Tess Date R900 Analsysis D 2101013
Scanner mode 5N

Transd Yloded i SN .0
Uncompsunded (Y/N)? Seannet Preset
Setungs:|Gain TGC Focal depth @ mm
Other Sefrings: N
Dip Threshold (-MAD below mean): 5129
MAD i efined a5 the medsan of the absoluse deviations from the data's media
MAD 1.24
Mean al 01 )
MAL M 0.02
Drvnamig Range (dB) T0.00 | <iaJerter local dynamic range sexing
£ rltrr.:lE. 128 D0y~ Enter number of elements in aray
Horzontal scale (image pi/clt) v
Aream [ip Anea
Sipralat  Arca st clemens'm Dipdepth (48
_Dips: Min half max  FWHM  Ama'meas s (dH) elemdnts)
1.0 4TB4 5243 10476 1.64 073 23 11,49
2m &0 K2 Rya k& A0 117 4R 184 ki R
B.2 |[Example of QA control chart

A Cont Ui b;ldlt odall piut IUbuitb Uf d bcliﬁb Uf IIIUdbuIUIIIUIItb UVCI t;lllc. CUIIf;u‘UIIbU il ”itS or
control limits or standard deviations of the data are plotted as horizontal lines showing the
likelihood that a point is deviating from the mean due to other than the fluctuations in the data,
assuming a random, Gaussian measurement error. In the example of Figure B.2, the sudden
increase in the area of the dip, if reproducible, indicates transducer, cable or electronic
degradation that warrants repair, replacement or further diagnosis. The dip is shown as stable
for several months within three 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.


https://iecnorm.com/api/?name=64a5710774d9761f991fd4f3afc96d1e

IEC TS 62736:2023 © IEC 2023 - 53 -

Figur

40

35 -

Dip area (dB elemen

30 —

25

Control chart: TD C9-4 S/N 319234

20 —

15 —

10

9/6/12 10/7/12 11/5/12 12(5/12 1/9/13

model, C9-4 and the specified'serial number (S/N)

g
L

Test date
IEC

e B.2 — Control chart for a dip in the middlé.of the profile for one transduce

r (TD)



https://iecnorm.com/api/?name=64a5710774d9761f991fd4f3afc96d1e

- 54 — IEC TS 62736:2023 © IEC 2023

Annex C
(informative)

Electronic test methods and test methods provided
by the manufacturers — Relation to clinical significance

Two methods are discussed in 8.3, namely electronic test methods from an independent
supplier and test methods provided by the manufacturers. Manufacturers are encouraged to
supply detailed results of transducer tests performed internally by the system. A device for
complete electrical tests of the transducer cable and the elements was sold commercially as

Sonora

FirstCall8 but its availability has been subsequently restricted. A system for ima

ing the
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be carried out with existing IEC performance evaluation documents (IEC 6
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8  This information is given for the convenience of users of this document and does not constitute an endorsement

by IE

C of these products.

9 This information is given for the convenience of users of this document and does not constitute an endorsement

by IE

C of these products.

10" A full-blown clinical trial in various clinical applications with defective and properly functioning transducers would
be useful but extremely expensive. A useful test method, however, could involve use of the simulated ideal
observer and simulated image artifacts on databases of borderline pathologies with adjustable lesion contrast
and simulated element/channel dropout.
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