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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS - PULSE-ECHO SCANNERS -

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

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization~\comp
a|l national electrotechnical committees (IEC National Committees). The object of IEC is to promote’internaf
cp-operation on all questions concerning standardization in the electrical and electronic fields) To this eng
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rej
blicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC\Publication(s)").

pfeparation is entrusted to technical committees; any IEC National Committee interested_in the subject deal
chn participate in this preparatory work. International, governmental and non-governmental organizations lig
ith the IEC also participate in this preparation. IEC collaborates closely with thénternational Organizatid
andardization (ISO) in accordance with conditions determined by agreement/between the two organizatio

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internaf
cpnsensus of opinion on the relevant subjects since each technical ,committee has representation fro
interested IEC National Committees.

C Publications have the form of recommendations for internatiofal use and are accepted by IEC Na
ommittees in that sense. While all reasonable efforts are made*to ensure that the technical content o
blications is accurate, IEC cannot be held responsible for\the way in which they are used or foi
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
nsparently to the maximum extent possible in their national and regional publications. Any divergence bet
ahy IEC Publication and the corresponding national er regional publication shall be clearly indicated in the |

C itself does not provide any attestation of cenformity. Independent certification bodies provide confo
apsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
services carried out by independent certification bodies.

| users should ensure that they have the-latest edition of this publication.

liability shall attach to IEC or its difectors, employees, servants or agents including individual expertg
embers of its technical committeesand IEC National Committees for any personal injury, property dama
ofher damage of any nature .whatsoever, whether direct or indirect, or for costs (including legal fees
ekpenses arising out of the'\plblication, use of, or reliance upon, this IEC Publication or any othern
blications.

tention is drawn to the.Normative references cited in this publication. Use of the referenced publicatio
indispensable for the-correct application of this publication.

tention is drawh, to the possibility that some of the elements of this IEC Publication might be the subjd
phtent rights. MfE€-shall not be held responsible for identifying any or all such patent rights.
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IEC TS 62736 has been prepared by IEC technical committee 87: Ultrasonics. It is a Technical
Specification.

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

editi

on:

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

The

Full
the

The
This
acc(

at w
defi

Terr
Sym

The
stab
spe

inclusion of luminance tests for system-image display consistency at scannér,and rern

onitors;
e) gddition of special considerations for 3D-imaging transducers (Annex-D) and workl

evision of phantom designs and their acoustic properties, consistent with the\ seg
dition of IEC TS 62791;

xamples (Annex E).

text of this Technical Specification is based on the following decuments:

Draft Report on yoting
87/777/DTS 87/791({RVDTS

information on the voting for its approval can be‘\found in the report on voting indicatq
bbove table.

language used for the development of this, Technical Specification is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develope
rdance with ISO/IEC Directives, Rart 1 and ISO/IEC Directives, IEC Supplement, avail
ww.iec.ch/members_experts/refdocs. The main document types developed by IEC
ned in greater detail at www.iec.ch/standardsdev/publications.

hs in bold in the text are/defined in Clause 3.
bols and formuldeare in Times New Roman italic.

committee-has decided that the contents of this document will remain unchanged unti
ility date~indicated on the IEC website under webstore.iec.ch in the data related to
ific document. At this date, the document will be

[es;

ond

note

ook

din

d in
able
are

the
the

o I

eéonfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside"” 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
contents. Users should therefore print this document using a colour printer.



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=37a3a847df1c2463ad4ef1c90a7e0f41

IEC TS 62736:2023 RLV © IEC 2023 -7-

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 crltlcal to patlents wellbeing, it |s |mportant that the systems perform consistently at the

IEC|61391-1, 61391-2, and IEC 62563-2. This document provides methods to verify the stability
of ap imaging system's elementary performance.

Thig document is deemed necessary because substandard ultrasound-system performange is
oftep accepted or remains undetected in the absence of unequivocal and décumented tests.
The|lmost common of the failures, in all but the oldest systems nearing rétirement, are gub-
perfprmance of a transducer-array element or lens or of a cable or electrgnic channel. Thefe is
appfoximately a 14 % transducer-failure rate and a 10 % system-failure,rate per year onf{first
testing [11,[21,[31,[41.[51,15],[71,[81,[9],[10],[111,[12]". Sensitive image_uniformity tests for these
tranaducer- and channel-failures are presented here for use dally to monthly (Level 1),
mannHaHy annually (Level 2) and biennially (Level 3). cer-

faildre rate and 10-% svystem-failure rate
e 70 Ao €

oyote
111
LT

T

Thig common occurrence of suboptimal diagnostic examinations has created an urgent neqd to
standardize—quality-control—(QC) quality-assurance (QA) and performance-evalugtion
prodedures to promote improved efficacy of diagnostic examinations through widespreadjuse
of gffective-QC QA procedures and to dispel myths as to their utility. Proposers belipve,
however, that existing national and international standards and guides [1],[3],[12],[13]][14]
spe¢ify or recommend too many tests_and inappropriate tests for detecting and discrimindting
the common flaws in diagnostic ultrasound systems during routine-QC QA. These pracflices
inclyde tests, such as spatial resolution, which are low-yield and belong in performance-
evalluation procedures, rather than-QC QA.

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

—

Detg¢ction of failurés by these recommended pulse-echo tests will probably also detect most
failures affeetiRg the operation of other modes, such as colour-flow, harmonic-, elasticity-|and
compound=inaging. The failures might be more pronounced in these other modes and| the
fraction ©fyfailures 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
frequency range, as the requirements for phantoms are not stringent for this test. The 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

T Numbers in square brackets refer to the Bibliography.
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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
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.

Unlformlty tests of transducers not readlly amenable to transducer-element testing by the simple
rray
eful
perfprmance of the high-contrast sphere tests. System manufacturers are enco j to
proide pulsing patterns of the transducer elements to allow testing of individual eéﬁgnts or
smalll-enough groups of elements to enable users to detect significant eleme ‘?ailure qr to
proide access to another implemented and explained element-test program
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ULTRASONICS — PULSE-ECHO SCANNERS -

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

1 Scope

two-dimensional-arrays using reflection-mode (pulse-echo) imaging. Image measurement

NOTE Usually, "periodic testing" is referred to as "quality control (QC)" or quality assurance (QA).

document, which is a Technical Specification, specifies requirements and methodg

pretation workstations are included.

This
ultrg
fronf
rang

40 NIHz, although available phantoms meet the specifications only from 1 MHz to 23 MHz.

The

frequently:

Leve¢l 1 cemprises five quick tests/observations to be performed daily to monthly by th
normally.operating the systems.

document includes minimumisets of such tests intended for frequent users of medlical

sound systems, for qualityassurance professionals in their organizations, or those H
other quality-control apd/of service-provider organizations. The procedures are for a
e of more common diagnostic ultrasound systems, currently operating from 1 MH

tests are defined in three levels, with the simplest and most cost-effective performed 1

ired
vide
z to

nost

ose

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

Level 3 extends the two special situations tests to all systems, adds one optional test and
includes a periodic review of the QA programme.

Frequent distance-measurement accuracy tests are recommended in this document only for
certain classes of position encoding that are not now known to be highly stable and without
bias. QA in all dimensions is recommended in this document as the first test for such systems.
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HtRe——ViAZto04a4uv v ZHequeRcy-ahgeasStheregiireme s o pRiatomSalre ROt SHHRge At

All tpsts on scanners considergd-here evaluate basic pulse-echo techniques and might dgtect

NOT
NI+

mosft failures in other modes\Bedicated Doppler systems

For undated references, the latest edition of the referenced document (including any

amendments) applies.

blogd motion, are excluded\rom this scope as specialized equipment is required to test tHem.

Such test equipment caf\be specific to the intended application of the Doppler system.
Thig document includes definition of terms and specifies methods for measuring the maximum

relafive depth<of penetration of real-time ultrasound B-MODE scanners, though |this

pengtration measure is listed as less frequently applied.
constitutes requirements of this document. For dated references, only the edition cited applies.

The following documents are referred to in the text in such a way that some or all of their content

IEC 60050-802, International Electrotechnical Vocabulary — Part 802: Ultrasonics

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

2 [Normative references
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3 Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1
quality assurance
QA
regylarly performed procedures to ensure consistent performance

Note|1 to entry: Quality control is a part of quality assurance. Another term used is qualitg)tnaintenance.

3.2
performance evaluation
set ¢f tests performed to assess specific absolute performance of the object tested

Note|1 to entry: Typical times for ultrasound system performance evaluation are at pre-purchase evaluation| new
and | repaired system acceptance testing, aecording to IEC 61391-1 and |IEC 61391-2 | and
[11,[171.[18]1,[19], [20] [21] [22] and at t|mes of performance d|ff|cu|t|es and end of-useful-life evaluations.-TFhefare
recod - Level 3 QA tests include mahy of
thosq recommended for such performance evaluatlon

3.3
phaptom
device designed to mimic some-aspects of the human body for the purposes of testing or traiphing

3.4
addressable patch
smallest addressable.group of transducer elements

3.5
pixdl value
integer vatue of a processed signal level or integer values of processed colour levels, prov|ded
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.

[SOURCE: IEC TS 62791:2022, 3.6]

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.
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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 from the material around it. For example, if the object is a sphere with a diameter close to the
thickness of the slice, then you cannot define a good measurement region in the image of the sphere in which the
signal does not include components from material lying outside the sphere.

3.7

maximum range in a phantom, with properties meeting the specifications of IEC61391-2, at
whigh the mean pixel value corresponding to signals from the weakly reflecting) packgrqund
scafferers are 1,4 times the mean pixel value corresponding to images~displaying pnly
electronic noise at that same depth

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

3.8
maximum relative depth of penetration

madimum—range-atwhich-the ratioo ha ..-_.33 ed; mode-imaae-data orre 33.3

maximum range in a phantom, at which the“mean pixel value corresponding to images
displaying echoes from weakly reflecting agd”background scatterers are 1,4 times the mean
pixgl value corresponding to images displaying only electronic noise at that same depth

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

Note|2 to entry: The adjective "relative" is used because the phantom specifications defined in this documerjt are
so Ipose that measurements of the "maximum range" with different phantoms cannot be compared.| The
meagurements are only for tests of stability, i.e. comparisons between measurements on the same phantom|over
time.

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

Note|4 to entry: <Fhé maximum relative depth of penetration is, by international standards, expressed in metres
(m) gnd conveftionally in centimetres (cm).

39

3.9

median 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].
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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.]

3.11
equjvalent sensitivity
sengitivity that is statistically the same or has smaller variance and bias

3.12
backscatter coefficient

intrinsic backscatter coefficient
n
intripsic property of a material at some frequency, equal to the differential scattering crpss-
secffon per unit volume for a scattering angle of 180°

[SOURCE: IEC TS 62791:2022, 3.2, modified — the note has'been deleted.]

3.13
lowiecho sphere

hyppechoic sphere
spherical inclusion in a phantom with a backscatter coefficient lower than the backsca3tter
coefficient of the surrounding tissue-mimickifig material

[SOPRCE: IEC TS 62791:2022, 3.3]

3.1
very-low-echo sphere

high-contrast, low-echo sphere

sphe¢re with —40 dB, or greateér, contrast with its background material

3.15
lowiecho sphere diameter
D
diameter of thé.low-echo spherical inclusions in a phantom

Note|1 te enfry: Itis generally assumed that all low-echo spheres in a particular phantom have the same diatheter
D. THe\diameter tolerance is 1 %.

3.16

lesion signal-to-noise ratio

LSNR

ratio of the mean pixel value over a region of a detected target in an image, minus the mean
pixel value over a specified region of the background echo signals, to the standard deviation
of the mean pixel values contributing to the background

Note 1 to entry: This term might also be referred to as the lesion contrast-to-noise ratio.

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

volu

me 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

LSN|
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3.19
LSN.
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Note
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refe

sett
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3.21
use
HU

rang

Note
specffi

. q
n lesion signal-to-noise ratio

eptual version of this common term (mean signal-to-noise ratio) for detected@f
pres, whose centres lie within an unspecified volume segment (.1/

P
URCE: IEC TS 62791:2022, 3.13] (b
,\‘b
SV
de %
n lesion signal-to-noise ratio for depth interval d &

n lesion signal-to-noise ratio for detected low-echo s res whose centres lie w
olume segment corresponding to depth interval label

1 to entry: Low-echo spheres with centres located less thQacaistance D/2 from a lateral image bou

xcluded. Q

JRCE: IEC TS 62791:2022, 3.14, modified — th erm “mean LSNR” has been removed
2 has been deleted.] $\
%7

)
rence value of mean lesion sign@ﬁ-noise ratio

R K\
md,ref
fence values of LSNR provi@d by the manufacturer for a given transducer model

ngs, or values acquired in @teptance testing or the first or first-N periodic tests on a g
sducer and settings C)\\

hble range C)O®

e or rang@ér which the negative of LSNR,, is = 1,41

It is usually expressed in centimetres [cm].

¥

1 to@ Useable range is more fully defined as the useable range for imaging low-echo sphereg of a

3.21-
Ay
mini

3.21
%P
first

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

.2

maximum depth at which the negative of LSNRm is>1,41

3.22
mean useable contrast over the useable range
|LSNR,|

mean |LSNR,| over the useable range or combined useable ranges of a transducer under

give

n settings

cho

thin

dary

and

and
ven
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[SOURCE: IEC TS 62791, 3.9 and 3.14 modified]

3.23

clarity index

G

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 A ,, where these symbols are defined in 3.21 and 3.22.

3.24 3

depth interval @/
intefval between boundaries of contiguous, or overlapping, depth segments into wh@ ninage
areq is subdivided for computation of LSNR,; values as a function of depth Qq/

v

Note|1 to entry: A rectangular scan area will be subdivided into discrete or overlapping w:?;’ntal bands; a sfector
scan|area will be subdivided into annular ring segments, the angular limits being determineéd by the sector angle.
Rectllinear projection of these discrete or overlapping area segments in the elevatio irection will create vdlume
segn]ents analogous to slabs and partial cylindrical shells respectively.

[SOURCE: IEC TS 62791:2022, 3.9, modified — in the definitj ﬁ%“or overlapping” has Heen
added, and in the note the reference to the figure and “with thj ss equal to the depth intgrval

extgnt A” have been deleted.] \\
& @)

3.2§

depth interval label QQ

d N

integer for identifying depth intervals in an im&@

Q

Note|1 to entry: d=1,2,...,d_ . where1is at th§ st depth and 4, is at the greatest depth.

[SOURCE: IEC TS 62791:2022, 3.9.@6

xO
3.2 N
O

detdctability N
nun1erical value quantifyir)&t)ne probability that a human observer will detect an object in an
image having backgro@ speckle

[SOPRCE: IEC TS@QM 12022, 3.10]

3.27 Q’
sign aI-to@e ratio
SNR

ratid @ignal plus noise at a given depth in the image to noise obtained with a clean transdficer
in airatthesame u'cpiil

Note 1 to entry: The signal-to-noise ratio here is defined specifically in this document for the application of the
maximum depth of penetration measurement. The noise here refers to electronic noise only.

Note 2 to entry: SNR is defined in 61391-2:2010, 7.1.3, in Formula (2).

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

3.28

time gain 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
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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.

Table 1 — Overview to the symbols and definitions of

the QA terms, other than those for the display

———— s ————
Term
A square area in an image plane selected for calculation of MPV 306
D low-echo sphere diameter 3.15
d integer for identifying depth intervals 3.25
d i integral number of the depth interval chosen as the minimum depth 3.25
for applying the data analysis
da greatest integral number of the depth intervals allowed by th¢ 3.25
chosen maximum possible depth for data analysis
LSMR lesion signal-to-noise ratio 3.16
LSNR, lesion signal-to-noise ratio for the nth low-echo&phére 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 4 ref reference value of mean lesion signal-to-noise ratio 3.20
[LSVRm,l mean useable contrast overthe“useable range 3.22
MPY mean pixel value 3.6
u useable range 3.21
1 minimum depth_of the useable range 3.21.1
5 first maximuni\depth of the useable range 3.21.2
SNH signal-té-noise ratio 3.27
n backscCatter coefficient 3.12
The| QA parafeters related to displays explained in this document are listed in Table 2|and
soulced frommAEC 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

Lomb 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.

Loa Meximamtaminence-generated-by-antmeage-disptay-deviceat-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' Lein * Lamb Luminance _that is _pgrceived by the human eye at thie eentre of|the
screen at digital driving level (DDL) = 0.

Ll Liax t Lamb Luminance that is perceived by the human eyg~at"the centre of|the
screen at digital driving level (DDL) = max.

Ry Diffuse reflection coefficient (provided by. manufacturer with a spegific
measurement method, ideally following the methods defined in [21]).

r' L' ax ! L'min Luminance ratio of an image display, device.

4. L. —1I Maximum luminance deviatiof, @measure of display uniformity, yith

A, =2x high ow Lyign @nd L,y being the highest and lowest luminance, respectiyely
Liigh + Liow | [22].

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

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

Aul, v') Colour distariCe between two sets of measured chromaticity

coordinatésin the u’ - v’ space corresponding to CIE15:2018 [23

4.2 Abbreviated terms

The|meanings of abbreviated tegqms used in this document are given in Table 3:



https://iecnorm.com/api/?name=37a3a847df1c2463ad4ef1c90a7e0f41

5

The
test

For
recg
sinc
recg

- 18 — IEC TS 62736:2023 RLV © IEC 2023

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

General recommendation

manufacturer's specifications should allow comparison with the results obtained from
5 defined in this document.

compliance with this document, manufacturers should provide a description of ho
ver pre-sets (nearlytcomplete set of settings controllable for image acquisition and disp
e such settings are\affected by software updates. They should provide a capability to rapidly
ver such settings-or most equivalent settings available.

Othe¢r expectations of system manufacturers are explained in 8.3.

6

Environmental conditions

the

v to
ay),

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-45 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
penetration.

A wide temperature range is specified for uniformity tests because these tests are not
significantly dependent on speed of sound.

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

Thrd
betw
Soc

proyv

judgement should be employed in the scheduling.

Table 4 — Outline of tests by level

e levels of ultrasound QA are based on the time required for perforinance and the intq
een tests. These levels are similar to those recommended by thécEGropean Federatia
eties in Ultrasound in Medicine and Biology [1]. Recommend€d)schedules for perforn
thede three levels of tests are provided in Table 4, along with_some examples of flexibili
ide a reasonable cost-to-benefit ratio for performing ‘the tests. Some professi

rval
n of
hing
y to
onal

hou

sing and cable

of conductive fluid.and for
other damage, particularly to
the lens

Test Evaluation Action, if deviation found Intervals
Level 1 - Store results & confirm -
with:
Inspection for Visual inspection of the Level 2 tests or Daily
danpage to transducer assembly, fof maintenance?
trarjsducer face or cracks that allow the\lngress

Ima

ge uniformity for

Visual with\clean transducer

Level 2 tests or

At least weekly

power cord, especially stable
wheel mounts and clean air

wel| used face held+h air or system's maintenance

trarjsducers transducer self-check

Motpitor function Visgual Level 3 tests, adjustments Monthly

or maintenance

Har[d copy (if Visual Adjustments or Monthly
avajlable) maintenance

Meghanical Visual, inspection for all Level 2 tests or Monthly
Inspectign mechanical components and maintenance

filters
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Test Evaluation Action, if deviation found Intervals
Level 2
Repeat Level 1 tests | On all transducers, include Adjustment or maintenance Annually®
image uniformity with
phantom?. See Clause 9
High-contrast, low- Evaluate ranges of Adjustment or maintenance Annuallyb

echo sphere
visualization

visualization of randomly
placed spheres. See 10.3

Distance and other
spatial size

See 10.5 and IEC 61391-
1:2006, 7.4

Adjustment or maintenance

Annually except
as noted

megsurements

Maximum relative See 11.2 Adjustment or maintenance When sensitivity, loss|is
degth of suspected®
perjetration

(opfional)

Sp4tial resolution IEC TS 62791 or, in lateral, Adjustment or maintenance Optignal

(opfional; redundant
wit high contrast,
low-echo sphere
visyalization)

axial and elevational
directions, IEC TR
61390:2022, 3.16, 6.3.3.

Level 34

Regeat Level 2 tests

Every 2 years

Image displays,
sysfem and
intefrpretation

Measure the grey scale
transfer curve. See 11.1

Adjustment ot, ntaintenance

Once

Maximum relative

See 11.2; preferably

Adjgstment or maintenance

Every 2 years

degth of absolute as in IEC 61391-

perjetration 2:2010, 7.1

(opfional)

Sygtem-image See 11.3 Adjustment or maintenance Every 2 years
disglay

Disfance/other
spagial
megsurements

All systems in all
measurement directiens, See
11.4 and IEC 61391-1:2006,
7.4.

Adjustment or maintenance

Every 2 years

Performance in
clin|cal use and
evajuation of QA
programme

Survey chi€fidser and
interpreter/and assess the QA
programme. See 11.5

Repeat needed Level 3
tests, adjustments or
maintenance

Every 2 years

Corjtrast-detail
detpctability
(opfional)

IEC TR 61390:2022, 6.3.4

Not described further in this
document

Adjustment or maintenance

When extensive
assessment is desire

2 |t is reasonable to limit these Level 2 tests to frequently used transducers, if internal transducer self-chdg
pre implemented [43].

Fy- o] H ot

cks

psts

Fy=5t

..........

¢ Currently required as annually (up to 14 months) by ACR [20] and conditionally by EU ONORM S$5240-22 [22].

In large medical systems with many inexpensive ultrasound units, Level 3 and even Level 2 tests on all

scanners might be hard to justify. In these situations, rapid replacement followed by repair or recycling in
response to concerns from Level 1 tests might be appropriate, with Level 3 tests of perhaps 10 or 20 of the
units every other year. In small, possibly isolated, practices, Level 1 tests should be performed and every
effort made to obtain Level 2 and Level 3 quality assurance and correction of malfunctions.
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7.2 Level 1 tests

Level 1 tests are short-duration (approximately 5 min) checks, to be performed daily to monthly

by the uItrasound system users%ehrequ#&nespee@equment—erﬂmeerd—keemng Ihey

See—'FabLe—L They are performed vrsually, requmng no phantoms or other specral equrpment
only record keeping. Only limited training and practice are required. Alternative methods of
proven and at least equivalent sensitivity, as well as interpretability to end users, may be
employed. See Table 4. The image uniformity tests will detect substantial transducer-element
and cable- and electronic-channel degradation. Monitor function tests will detect noticeable
chapge T disptay fumimance, uniformity and Tesotution.

Test Eraluatien Fecciblesuboconopoodiont
B Sl B
Darmpage to transducer face or by-the-manufacturer)
B B
Darmpage to-cable
Staple wheel mounts
s B
Imalge-uniformity Visualwith-clean-transducerface Level 2 tests-or maintenance
o
Motitorfunction Visual Level 3-tests,adjustments-or
maintenance
Harfd copy and image storage Visual Adjustments or maintenance
e
Performance-in-clinical-use Ask users whether any changes-in Level 2 or 3 tests, adjustments g¢r
. ffioi e
performance -have beenobserved.
} )
Leeelda_ d west_gate any
b

While both Level 1 and, Level 2 tests are simple, it-may might be helpful to have a quality
ziﬁ assurance professional, such as a medical physicist or hospital engineer involved, to

ensure initiatien of the tests and adequate record maintenance-everan-extended-pgriod
of time.

7.3 Level 2)tests

Level 2 tests are performed-every-six-months annually by users or-QC QA professionals. They
are Teimply 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 sensitivity and interpretability to end-users may be employed.

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.
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7.4 Level 3 tests

Level 3 tests are performed by-QC 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
system-—and-interpretation-image-displays quantitative tests of displays used during scanning
and during remote interpretation. Distance-measurement variance and bias tests are required
initially on some systems and regularly on others. See-Table-2 Table 4 and Clause 11. The
maximum relative depth of penetration and optional measures are recommended to be
absolute, as in performance evaluations, to allow comparison with results from other sites;
but- s, = O EQUITE] WINE DW-C O PDNEre (& are perio eq. ESE gasyures
sholild be self-consistent to detect changes in the ultrasound systems tested over many-ygars.
Acceptance tests and other full-performance evaluations are part of complete qualitycofiro!
assyirance but are treated separately because they are covered by other standards already

des¢ribed referenced Several LeveI 3 procedures are specified by reference.-lalarge-medical
ems-with-many inexpensive ultrasound systems. Level 3 and even LeVe a om—all
apne might be -hard-to{u n-these yations,—rapid-replacement follewed byrepajro
racelina in reaenonca tn concarnce fram | aval 1 tacte miaht ha annranriatd with | aval 2 tacte of
recyieinginresponse-to-concernstromrevetitestismight be-appropratewith-ever3-tesisof
narHane 10 ar 20 of tha 1nite avary nthar vaar In emall nnccihly icalhtad nracticace | aal 1
perfaps—10—-or20-ottheuniiseveryotheryrear—th-smat—possibiyiseatea,practicesteveld
tactd chnuld ho narfarmed and avary affart made to oahtain | avale 2 and 2 Aanality cantralland
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8 Equipment and data required

8.1 Phantoms and software
8.1.1 General

The test procedures described in this document should be carried out using tissue-mimicking
phantoms and electronic test equipment, together with digital-image data acquired from the
ultrasound scanner and appropriate software for image evaluation.
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With appropriate attention, a phantom is likely to maintain its manufacturer-specified properties
and tolerances thereof for at least four years provided the user follows the recommended
maintenance and is scanning the phantom modestly, less than 250 h per year. Tolerances on
some specifications are given in 8.1.2 and 8.1.3. The phantom's manufacturer should provide
at least a four-year warranty. For water-based tissue-mimicking materials this durability can be
attained by the warranty requiring periodic monitoring of the phantom's weight as specified by
the manufacturer. When the weight has decreased by a specified amount, the phantom can be
returned to the manufacturer for transfusion with sufficient aqueous solution to return the
phantom to its weight (and presumably ultrasonic properties) at the time of manufacture. When
a phantom is starting to desiccate — as water-based phantoms do — or otherwise decay,
transition of existing QA data to that with a new phantom is possible, if the two phantoms have
conrstent acoustic properties. IT such a transition is undertaken, note clearly the time of the
chanpge.

8.1.2 Phantoms for Level 2 and/er Level 3 quality-contrel assurance

See| 8.1.3 and 8.1.4 for additional specifications and Annex A for example geometries pf a
phaphtom for both image-uniformity and maximum relative depth of rpenetration tegting
(Figure A.1) and a more compact and less expensive phantom for image-uniformity testing pnly
(Figphre A.2). Figure A.3 shows a phantom for assessing all three parameéters, namely

— Uiniformity,
- aximum relative depth of penetration, and

- istance-measurement variance and bias.

Suitpble phantoms for these tests can be constructed‘using, for example, water-based gels,
open-pore sponges or urethane rubbers, having mictosCopic inhomogeneities that are uniformly
distfibuted 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[um-
diameter glass beads to provide backscatiéred signals at a controlled amplitude [28],]31].
Sevpral-manufacturers?—can—producetissbe-mimicking—materials—andphantoms—that cofaply
withlthe following specifications in 7.2.2 and 7.2.3.

8.1.8 Additional phantom specifications for Level 2 quality-contrel assurance-onhy

8.1.8.1 General

Thege specifications should be met in the 1 MHz to—4# 23 MHz frequency range, except as
notdd.—-More-stringentrequirements—are listed-in7-2.2 for Level 3-tests other than-injage
unifprmity: These gpecifications include the components of high-contrast, (very-low-e¢ho)
sphpre phantoms.;” Several manufacturers3 can produce tissue-mimicking materials [and
phaptoms thathcomply with the following specifications. More stringent requirements are listed
in 81.4 for Ilcéyel 3 tests, other than image uniformity for which lax specifications are adeqyate.

8.1.8.2 Phantoms specifically for image uniformity and spatial tests, and optional
Level 2 tests

Image uniformity, spatial size, resolution, and maximum relative depth of penetration tests
also may be performed with phantoms, or sections thereof, having background material

3 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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meeting the tighter specifications in 8.1.3.3. See the discussion in 8.1.4 for cautions about using
phantoms with the loose specifications of 8.1.3.2 for spatial size and optional Level 2 tests.

Spe

ed of sound:

Mass density:

Spe

Bac

Sca

Dim

8.1.

8.1.
Spe

cific attenuation coefficient:

(1 500 + 100) m s~! at 3 MHz for image uniformity testing
only.

Speed of sound for distance measurement shall meet
specifications for Level 3 tests in 8.1.4.

00+ 0.3y gem2 (0,95 to 1,15) g mL~1
(0,3 to 0,9) dB cm~'MHz"-or{1,4-+ 0,4)dB-em~tMHz,

choosina the hiagher end for a compact imaage-unifor |ty
~J ~J Ll ~J

kscatter coefficient:

nning surface:

ENsions:

8.3.1 General

ed of sound of both materials:

Masfs density:

Spe)

Bac

cific attenuation coefficient:

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

phantom. The high value minimizes reverberation artifacts.

B 104+ emtsr 1)+ 10 dB relative to-that rumbetat’3 MHz
"I“Ft depeHIdlelnee ; ;”Illequeney tel t_lne i 6.) roe e.FI <

(33,77 x 10~% cm~'sr-1) at 3 MHZ\ and frequency| (f)
dependence of (f7), where 3 < ¢,< 4from 1 MHz to 23 MHz.

The scanning surface should allow acoustic contact of the
entire, active area of the fransducer with the phantom.

For image uniformity tésts, the phantom should provigle a
uniformly scattering-and attenuating field that extends [to a
depth of at least 6e¢m.

(1 540,#10) m s~'. For phantoms designed for spegific
apptications to body parts with speed of sound clearly
different than 1 540 m s~', materials with that speef of
sound may be used. In that case, the phantoms shall be
labelled clearly as intended for that application with a Ipbel
stating "nonstandard speed of sound of (insert the interjded
speed) £ 10 m s~1".

(0,95 to 1,15) g mL~". For the high-contrast (very-low-
echo) spheres themselves, —40 dB sphere mass defsity
should be within 0,02 g mL~"! of that of the backgrqund
material.

(0,50 + 0,04) dB cm~'MHz~1 at 3 MHz and the value fof the
high-contrast sphere material should be within 0,04 dB|cm~
TMHz=1 of the background value. Deviations from these

kscatter coefficient

Long-term stability:

valiige in tha 41 MEIo t~ 22 MLlS fraoniianoy ran~a ehnlllj be
valdes—th-the—-MHz-to23-MHztrequency+ange-shou
specified by the manufacturer.

o 519 4 app—Tar—1
For the background material: o0 *x10=% cm~'sr=! at
3 MHz and frequency dependence of /4, where 3 < ¢ < 4,

and for the high-contrast sphere material, no higher (less
negative) than —40 dB relative to the background material.

With appropriate attention, a phantom is likely to maintain
its original values of backscatter coefficient within 5 dB,
attenuation coefficient/frequency within 8 %, propagation
speed 1 % and mass density 2 % for at least four years
unless under heavy use, i.e. more than 250 h per year.
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8.1.3.3.2 Phantoms for use with adequate sensitivity in the 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 +8%. The mean number of spheres per unit volume should be at
least one per millilitre, but the volume fraction consisting of spheres should not exceed 15 %.
Scanning windows should provide for contact of the entire emitting surface of the transducer
(active area of a 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 focatdistance(syis 75 or more (M a 5 i deptit intervat: A
Sphgre diameter: A diameter of 4 mm + 0,2 mm is recommended fo@\}eq Late
QA in the 1 MHz to 23 MHz range. 0y

Wit some of the highest resolution ultrasound scanners, a very-low- echo re diampgter
between 3 mm and 4 mm might be found to be appropriate. For more com performgnce
evaluation above 7 MHz, smaller spheres are recommended in 8.1.3.3. 3\

[*]

8.1.8.3.3 Phantoms for use with higher sensitivity in the fr%‘%cy range 7 MHz t
23 MHz

For higher sensitivity to resolution changes with transducer: @ he frequency range 7 MHz to
23 NIHz, specialized phantoms with smaller, (2,2 + ) mm sphere diameters |are
reccmmended with imaging to a depth of at Ieast High-contrast spheres shoulq be
available for detectability assessment over the enti&age frame and the diameter of these
sphe¢res should be specified by the manufacturer withifY£8 %. The mean number of sphered per
unit|volume should be at least eight per millilitrés\but the volume fraction consisting of guch
sph¢res should not exceed 15 %. Scanning wiidows should provide for contact of the eftire
emifting surface of the transducer while all g elevational translation of the transducer pver
a syfficient distance that the most likely n er of spheres traversed by the scan plane at or
neaf the focal distance(s) is 110 or mp@ a 2 mm depth interval.
4\
8.1.3.3.4 Total internal-refle&(DJn surfaces

Totgl internal reflection sur s may be used to conserve the size of phantoms and| the
numbers of low-echo sth} needed for fabrication. It has been shown that for phantpms
with|high-contrast spheres having diameters of 3 mm to 4 mm, two parallel, plate-glass surfgces
cauging total inte@§ reflection are acceptable in the phantom, as shown| in
IEC|TS 62791:202§)2 gure 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 fotal
intefnal refi&@are acceptable, as shown in IEC TS 62791:2022, Figure D.1; a surface

roughness e alumina of 6 uym or less is sufficient.

8.1. 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)

—V_u

P(u)=2- (1)

u!

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

For example, 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 (¢) is 0 = v"2 = 1.
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8.1.4 Additional phantom specifications for-boeth-Level 2-and Level 3 quality-control
assurance and optional Level 2 tests

Maximum relative depth of penetration is used here, rather than maximum depth of
penetration, as defined in the referenced standard, IEC 61391-2, because the more expensive
and perhaps less robust test objects that are required for the absolute measurements-defined
specified in IEC 61391-2 are not absolutely required for quality-centrel assurance. However,
absolute measures are recommended, using phantoms-defined specified in IEC 61391-2 to
allow comparison of a 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 following properties. These are similar to those specified in IEC 61391-2 except
that@ phamtom s acoustic-property TequiTements,; though ot its—Stabitity Tequirements;) are
relaxed here for facilities using the same phantom for a long period of quality-contro| tesfing,
or a|series of phantoms having consistent properties.

For ll but the uniformity and very-low-echo sphere phantom tests, magféjyrigorous phanjtom
mategrial specifications for Level 3 QA over the 1 MHz to 23 MHz frequenty‘range are as follpws:

Spegd of sound (SOS): (1 540 +20 10) m s~1, to avoid substantial complications.

Whgn filaments are included with appropriate spacing to simiflate 1 540 m s=' SOS for eadh of
the pcan geometries available on an ultrasound system, then (1 500 £ 80) m s~' at 3 MHz is
tolefable. This extreme flexibility is allowed for quality(assurance only, assuming appropfiate
notifications of the expected or possible errors in&focusing and on- and off-axis distgnce
megsurements 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-centrol assurance. However, spepd of
sounfl is of great concern in checking for distance=measurement error, unless that has been tested carefully in Level
3 pelfformance tests and consistency has beetitracked carefully in quality-eentrel assurance tests.-When-filarfents
MWWW%W%4%MMW%WM%
ul#&euﬂdsﬁte#%n%é@@#&@)m‘ﬂa%%%@mbl& This-latter-extreme flexibility is-aHowed-with-great
warathgs provided because of the coqvenience and longevity of urethane rubber phantoms-at with SOS equa| to 1
450 m s, typically. However, forsthe*majority of ultrasound systems, i.e. those that assume SOS equal to 1 540 m
S’H&W—Sﬁe&d different greups of filaments are required, carefully spaced for their depth in the phant¢m to
give pnbiased distance measurements for phased arrays and linear arrays. Filament placement on an anguldr arc
specffically matched to the.curvature and placement of curved, linear arrays or to the placement of phased arrgys is
necepsary. With any deyiation of machine-assumed SOS from the phantom SOS, deviation of the assumed angle or
locat|on of view of the\filaments or in assumed curvature of the linear array will cause errors in lateral disfance
meaqurements®. In_other words, it is impossible for a single set of filaments to provide correct lateral disfance
meagqurements fof) different—eurved linear-array curvatures or for both curved arrays and linear arrays. These
lateral/azimuthalhand axial distance measurement problems are not encountered for the increasing numbpr of
ultragound systems that have an adjustment for speed of sound that can be set to that of the phantom, whep the
filaments or other targets are placed at their expected distances. It is best to have the lateral distance filamenfts on
arcs with,radii of curvature that match those of the arrays for which-they the filament patterns are designed.-Ysers

should*bednstructed to use afilament group with-curvature close-to-that /\nnfhnn a-certain fnlnranr-n\ of the transdiucer
0

SAoY oS
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Mass density: (500—+ 0141 g cm—stable towithin+ 002 g em—
(0,95 to 1,15) g mL~1 stable to within + 0,02 g mL~".

Specific attenuation coefficient: (0,7 +0,2/—0.05)dB-em *MHz *in-the - MHz to 17 MHz

frequency range

(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: Bx10"*ecmtsr—H—+ 10 dB relative tothis number—at
S—MHZ—Wlféh—dependeﬂee—en—#eQHeney—te—the—n—eﬁ )—whe#e

# 4 'Fr'nm 1 Mz to 1Z MH=z 'Fr\v' a r\nmhlnahr\n A

foremi Lot : . \

For phantoms not including the randomly-distribdted, viery-

A

low-echo spheres: (3f§77x 104 cm ~1sr =1). (340 dB) pt 3

MHz.
Background material for phantoms inclgding the randoimly-
distributed, very-low-echo spheres:

5+1% x 1074 cm~1sr -1 at 3 MHZ" In both cases|the

frequency dependence from”%\ MHz to 23 should bdg f49,
where 1 <¢g <4,

The value of the backscatter coefficient of the phantom
should be reported as @function of frequency, together with
the results obtained<with the phantom.

Scapning surface: The scanning surface should allow acoustic contact of the
entire, active.area of the transducer with the phantom. A
well to contain a thin layer of degassed water or saline to
ease acoustic coupling is convenient.

Dimensions: The useable phantom depth should be at least 22 cnm for
testing maximum relative depth of penetration at|low
frequencies (2,5 MHz to 5 MHz) and deeper for Iqwer
frequencies. The lateral and elevational dimensions shpuld
be such that there is at least a 6 cm wide by 6 cm thick
region of uniform tissue-mimicking material at distances
corresponding to the maximum relative depth| of
penetration for the scanner and transducer under study.
Larger cross-sections-may might be required to provige a
uniform region when testing 3D scanning systems.

Target position,error: Filament or other spatial measurement targets should be
located and stable in each test object to within 0,1 mm of
the specified location. See IEC 61391-1:20086.

8.2 | Umage 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
300300 640 x 480 pixels and at 8 bits (2565 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.
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Scanners for which this document applies-may 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:

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/].4

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

his method is used by most scanner manufacturers for in-house quality-control testing|and
age-processing development. Many file types are acceptable for-QC QA work as.long as
dequate resolution is maintained. Capabilities often exist to extend the method for usg by
linical personnel using, for example, file-transfer-protocol (ftp) resources.cAlternatiyely,
any scanners provide image files on removable media, such as USB-thumb drives,

agneto-optical disks, zip disks, or CD-ROM, and these are appropriate-sources of didital-
image data as well. Full-screen capture is available on many systems,,sometimes by stdring
single image rather than a cine loop.

The|second group of scanners includes those simpler devices thaty do not provide digitjzed
imag@e data directly but provide standard video signals, i.e. image data that can be captyred
into[a computer and then analysed. For these, increasingly\rare, scanners, a video-frame
grahiber may be used to acquire digital-image data. The videesignal grabbing-has-te shoulfl be
proJided under stable conditions to minimize signal distortions.-Specific-care-and-attentionthas
to-bp-takenfor-the followingaspescts: The following provisions apply:

— The input dynamic range of the video-frame grabber should be adjusted to accommogate
the maximum signal amplitude of the video output.

— The digitizing amplitude resolution (given by the pixel-byte size) shall be better than that of
he grey-scale resolution of the video-qutput signal. A minimum of eight bits or 256 grey
llevels is necessary.

— Conversion-function linearity-hasfg-should be assured.

— The display spatial resolution {given by the pixel size) of the digital picture shall be at lpast
@s good as the original videotline density of the image.

— The video-capture frame rate of the video-frame grabber shall be high enough to gllow
cquisition of data to keep up with input data rates, if the imaged field is moved. Kedp in
ind the differencesbetween scanning frame rate and output-video frame rate.

- cable matched,for input/output impedance-has-te should be used to avoid reflections in
he line.

— Image test<patterns are required for scanner display testing [33]. In worst-case situatjons
he ultraseund system's display screen can be photographed with a digitizing CCD camlera,
nder low light conditions and with repeatable photographic settings and field of view] but
his(is more difficult to control quantitatively.

8.2.2 Image-archiving systems

Many imaging centres use commercially available picture archiving and communication systems
(PACS) for viewing and storing ultrasound-image data. Manufacturers of PACS systems usually
provide means to acquire images in minimally compressed "tiff" (tagged image file format) or
an uncompressed format, such as a raw or a DICOM-format [32] to work stations that have
access rights to the image data.

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

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

Withl 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 (A =4++te=13"1 < N < 10) of
sequliential elements, as is necessary for sensitive, image-based detection’of reduced element
(chgnnel) performance. Thus, the loss of one or a few elements will never'show up in a uniform
phaphtom as a substantial loss of signal in N of the scan lines. Thas, beam formation |and
scamnning with small numbers of elements is usually done in near-field focal zones of linear|and
curved-linear arrays. Availability of this test sequence should *be described clearly [and
prorminently (for example, in the index and table of contentsy.in-the operator's manual or|in a
welltpublicized supplement thereto. The sequence should “allow testing of each transducer
element or the small numbers of elements selected for transmit and receive apertures. Ideglly,
if five adjacent elements are combined in the lateral difection for transmit and receive, the hext
aperture should drop one element on one end and add.another on the other end of the aper{ure,
and|so on. The number of elements in each transmit*aperture and each receive aperture of{this
seqlience and their sequencing should be specified in the documentation. For 2D-arrays|and
othgr arrays where beam formation and scanping with a small number of elements is not qone
clinigally, at least for short depths, a test sequence should be provided to allow the simple |QC-
QA tests of all addressable patches ortsmall groups of addressable patches of transdycer
elements and channels, as provided inthis document.

Sma3ll grouping of addressable patches may be reported to enable some disguise of propridtary
trangducer addressing methods:* A better alternative is a list of necessary statistics on pptch
resgonses that should be dgreed upon by user groups and the system supplier and repofted.
Thig should include locations of outliers, without necessarily giving a total number or size of
patghes.

Manufacturer-provided or third party-provided electrical tests (Annex C) for which there| are
stropg data showing a good correlation with these QC-QA measures and which provide a
mapping and summary of element performance may be employed by the user. However) the
QC-tests sphantom-based QA tests for uniformity described in this document should be
perfprmed at least twice a year to verify that the provided tests are adequately sensitive.

Manufacturers 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
accessible and-employed employable by the end user. The capability for calibrating the system
display to the DICOM grey-scale standard display function should also be provided [32]. Optimal
display calibration is appropriate and important for the ultrasound-scanner display since, in
practice, this display is used for diagnostic interpretation.
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9 Level 1 test methods

See 7.2 for additional information on those tests which should be performed and results
recorded-atteast daily, weekly, or monthly. Inspect all equipment, including scanner, monitor,
transducers and scan-table 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.

The[image-uniformity test is a visual assessment looking for vertical stripes or other abnofmal
bangling 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 ip the Level 2 tests, except increase the gain, if possible, such that electroni¢ hoise can be
bargly seen. Most element/channel defects of serious, immediate clinical significance will be
detgcted visually. If the gain cannot be increased enough to show electronic noise in usual
settings, it-may might be possible to do so in engineering/service settings. If a transducer self-
chegk is available in the ultrasound system that electronically checks'the performancg of
indiyidual elements or small clusters thereof, verify that the transducers have passed the tpst.

For Imonitor 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
refefring physicians show essentially the same.features as on the ultrasound system display
and] that the ultrasound system display shows, what is seen on the interpretation copy.

Thege results/observations should be rec¢orded in a QC-checklist in a QA record book in paper
or d|gital form and deviations should be“acted upon in a timely manner.

10 |Level 2 measurement methods

10.1 Mechanical inspection

As in Level 1, inspect all equipment, including scanner, monitor, transducers and scan tablg, to
makle sure all mechanical components are fully intact and all mechanical systems are functignal.
Pay| particular_sattention 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 g potential’'shock hazard and the cable insulation and grommets for wear.

10.2 “Jmage uniformity for transducer element and channel integrity

10.2.1 General

The image-uniformity test is primarily a test of ineffective transducer elements or their signal
channels, including cables and connections [34]. Measurement results of all Level 2 tests will
depend on the system transducer, frequency and the operating conditions and mode [31]. These
shall be specified and-repeated employed regularly for consistent QC-QA measurements that
can be repeated for detection of change over time, as well as detection of unacceptable image
uniformity.

10.2.2 Apparatus scanning procedures and system 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
that-meets—either-of meeting the appropriate set of specifications in 8.1 or Table 4. Place the
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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—prebe 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-imaging-tests penetration, are provided
in 11.2.2.

Scanning procedures and system settings are as follows:

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

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

bet image depth to the smallest value that still shows the entire transducer, face. This|can
esult in smaller transmit and receive apertures and smaller image pixel'\size.

Dverlapping of annotations on the image shall be avoided.

Bet output power at the maximum, if possible without saturating-image pixels and incrgase
gain to maximize signal level near zero depth, while avoiding“saturation near the maximum
pixel values.

|sable the speckle reductlon and any artifact-removal’” (particularly shadow-remqval)

— [Except as otherwise noted, settings, such as frequency, should be in typical positions|that

lhe most common application and body habitus for that system and the transducer under

The grey-scale characteristic curve-is-rot-very-impoitant
he settlng shall be reproducible.- It is possible—witheut-having but usfally
ot essential, to measure the chanacteristic curve as detailed in IEC 62563-1. The drey-
scale characteristic display curve "should be set to the one that has the most pyrely
logarithmic compression, a straight line in image-pixel value as a function of logarithmic,
eceived signal level;—witha-50-dBdisplayed-dynamic—range. If these settings are| not
available, the characteristie-Curve-choiceand-dynamicrange-settingsalways-should-bg-set

. me of the most important clinical application for that transducer should be chosep. In
¢ither case a 50 dB displayed dynamic range is preferred.

— Obtain help, if necessary, on finding these and other settings affecting QCS-QA results|and
ftecord them, so.that they can be reset if another operator has changed them.

pset
L the

— Time gain compensation (TGC) should be set to the most useful and then reprodugible

ettings—possible— "Most useful" is for uniform-brightness withdepth.— Qften "most
~J Ll ~J Ll

reproducible” is flat TGC at either extreme of maximum, minimum or middle gain.

— Phased- and 2D-array testsrequire are performed with a modified paper clip test in M-mode
[34] or with special imaging sequences from the system manufacturer as specified in 8.3.
With those arrays, employ the system test sequence provided by the system supplier,
following any special directions provided.

— All settings should be recorded and stored in QC-QA uniformity- and penetration-test, pre-
set files to make reproducible tests practical with the more complex settings. Many of the
settings are recorded when only a single image, as opposed to a cine loop, is stored.

— Signal processing settings, such as logarithmic compression, speckle reduction, and other
pre-processing functions, as well as image-display settings, such as post-processing,
should be in typical positions that are used clinically, as mentioned above, and recorded.
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10.2.3 Image acquisition

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 sIowa in a dlrectlon normal to the scan plane from one end of

hanrtomorwelto-the-other—Additioralrdependen Hting
d tilt
at a speed that allows, during the sweep, acquisition of almost a full cine loop of imaggs or
preferably 50 or more images individually or by frame grabber:Coupling
and scanning recommendations for electronically scanned 2D- and mechapically self-
gcanning (termed 3D- or 4D-) arrays are provided in Annex D.

ecord the images to a location where they can be processed or retrieved for processipg.
lean the scan path, repeat gel distribution and repeat this acquisition for a consistgncy

epeat until consistency is obtained (IEC 61391-2:2040).

hen cine loop capabilities are not available, record images’/as rapidly as possible aq the
ransducer is scanned slowly over the phantom.

10.2.4 Analysis

For high sensitivity and quantification, compute thédmedian-averaged image value a; ; over all

images, k£ = 1 to N, in the sweep-and/, or sweepyand tilt, for each pixel at coordinate i,j. |The
resylting, highly averaged image-should is likely to reveal drops in image brightness in| the
pixefs below compromised transducer elemeénts or channels. To quantify the image brightness
nontiuniformity, compute the median pixelivalue in depth over at least 10 % of the image dgpth,
for gxample, from 2 mm to 20 mm in eacgh-+ay column in the image, while avoiding noisy sectjons
of the image. For linear arrays that means simply averaging the image-pixel values in gach
column at depths over that range,*fram 3 mm to 10 mm. The hashed lines in Figure 1 (right] are
added to show this region of axial averaging, over a smaller range of 2 mm to 8 mm. [This
collgction of median values as“a-function of pixel number along the transducer surface formq the
latefal profile of Figure 1 (left). This processing is performed using any one of many availpble
softyare applications fornthis type of task. The task can be performed fairly easily in geng¢ral-
purgose software or hiformity-specific software5. Automated analysis could be performedl on
images from enough different clinical cases produced by a given transducer to assess non-
unifoprmity in images from the transducer [35].

Several narrew losses, or a multi-element loss greater than 6 dB, are considered defects. A
critgrion(other than 6 dB and based on statistics of the profile is given below. Three defegtive
ents weII separated from each other are the greatest number of defectlve eIements ustally

than or equal to 6 dB would be dlsplayed as a dlp greater than or equal to one- tenth of the full
grey-level range, or 26 on the 256-level scale shown in Figure 1. Some experience will be
required in learning to interpret these data. Performance of transducers with unacceptable
defects by this criterion should be compared with results of tests by the service provider or
other measurements, such as complete transducer-face imaging [36], or a complete electrical
test of the elements—{Anrnex-DB}. Other specifics of measurement with available specialized
software, including production of profiles with convex linear arrays, are given in Annex B.

5 Examples are Matlab, and NIH imageJ with special plug-ins. See examples from available shared or commercial
software in Annex B. This information is given for the convenience of users of this document and does not
constitute an endorsement by IEC of these products.
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Median Pixel Level in Image Column, over 3-10 mm Range
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Figure 1 — Median-averaged image (right) and its lateral profile (left)

On the right side of Figure 17is a median-averaged image derived from a large stack of images
of aluniform, stirred liquid-phantom; white vertical lines at the top (3 mm to 10 mm depth) show
the fange over which the signal of each scan line was median-averaged to make the profile on
the left. A 0,53 mm\diameter fish line filament was placed across a central element to simylate
two defective transducer elements. This filament casts the main shadow seen in the image|and
the |profile. This effect of a shadowing material is usually larger than that of the cové¢red
ents being disconnected. Two lesser shadows are seen that are due probably to |ess
sengitive or lost single elements. On the left side of Figure 1, the set of blue points overlaif on
the red-line constitutes the central three fourths (75 %) of the profile data. The dotted gfeen

nes-m one A d hso dg o.n bhove -and belo heprofile-median.

The grey "shadows" merely extend (simplistically) below sections of the data that reside in the
bottom eighth (12,5 %) of the profile set.

Results of this analysis should be recorded in a database including at minimum, the signal
change and half-width thereof and location on the array. Such recording should be done for all
areas of scan-line signal change in the image, where the change exceeds recommended limits
for the tested type of transducer and system. Also, conclusions from the tests should be
included. When such recommended limits are unavailable, are not fully satisfactory or when
practicable in other cases, the database should include the median-averaged image and
brightness profile, both as in, or similar to, Figure 1, and a means of plotting the results of
signal-change amplitude, dip width, ard/or the product of amplitude and dip width, as a function
of time in a control chart [37]. The control chart can help define deviations exceeding certain
confidence limits, or two or three standard deviations, from the mean or median of the previously
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recorded values. These limits are typical thresholds for declaring a clear degradation and
usually obtaining corrective action. See Clause B.2.

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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d) Simple transducer holder allowing manual, parallel b) Example(of '@ manual quantitative
btion, in the direction of the short white arrow, in equal, slider pfoviding displacement of
chosen increments 1 mm/tura®with transducer holder and {ilt

adjustment [38]
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Transducer
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&) /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.
Thepdecreasethe ydill by 6B (SG n/f)) Savethose Octtillyb asa QA pre-setforthattransdycer
model on that scanner model. Sweep the transducer in its elevational direction along the-lenpgth
of the phantom for a linear array that will fit in the narrow direction of the scan windew.|For
conyex and sectored arrays, it is best to scan across the narrow width of the window.

NOTE It might prove simpler to translate the phantom.

10.3.2.2 Automated analysis

Zone 1
0,8 cmto 2,7 cm

G -

Zone 2
0,8cmto4,1cm

o - ———
“ ————

i

IEC

[SOYRCE: IEC 62791: 2022, Figure 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 aytomated-analysis software is employed, the LSNR, for the nth sphere with its centre llying
in the vélume segment determined in each depth interval, d, spanning the entire depth rgnge
available, as in IEC TS 62791 [15] and [39], should be computed, preferably in overlapping
deptirimtervats—T e mearn of the LSNVR,, S for ait spheres wittrcentres i a giverr deptirimterval
should be computed to obtain its LSNR,, ;. Select a set of reference values, LSNR,; (¢, 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.,; e — 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
A1, and A,. If this useable range is in multiple segments, quote those ranges £, 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, 5, to A,, or the set of ranges: 4, to

Ay, A3 to Ay, ... A, to A, with total length 74 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

>
N

10.4.2.3  Visual analysis S

©
If ayjtomated-analysis software is not employed, visual interpretation }ﬂg@rformed on a fgine
loog of the imaged sweep, or other captured 3D image stacks. The im@ hould be displgyed
at arate at which the viewer is most comfortable making the followj stimates of Zone 1|and
Zong 2. Zone 1 and Zone 2 are, respectively, the depth ranges oﬁ which: 1) the sphereg are
cleafly visible, 2) are reasonably well delineated, but with very I@ted contrast. That rate shpuld
be repeated in the future. Examples are given in Figure 3 an@igure 4,

Figdre 4b) illustrates an error in the ultrasound syste cc)?tware. The large failure in focuping
in the 1,8 cm to 2,7 cm range in Figure 4b) occurr appropriately with a minor shift in the
focal zone pIacement from that in Figure 4a). % e quality assurance consists mainly of
revealing changes over time at fixed settings¢.t\is worth validating on phantoms any poor
system function, whenever image quality |s u &'pectedly poor in clinical use at any settings.

A
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! 0,5 cmto 1,8
0,5 cnito.2;6 cm - =3

T = =%
" Zone2
- 03cmto 4 cm
|
|

Breast preset
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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

MaxXimum relafive depth of penetration measurement is to be performed at Level 2Z\When
sengitivity loss is suspected. See 10.2. In general, the absolute, rather than the_relgtive
megdsurements, are preferred, as in IEC 61391-2:2010 7.1.

Spatial resolution measurements are optional as they are highly redundant with'vetry-low-elcho
sphpre visualization for detecting changes in system performance. The twg-dimensional, axial
and|ateral, spatial measurements have rarely detected system-performangé-defects or charges
not seen by the required tests. Automated, three-dimensional, axial,Aateral and elevatipnal
megsurements are becoming available. These beam profiles are likel\(16 have the precisign to
proVide, in three curves, only slightly different performance infogrhation on a transducer|and
system as a does a single, very-low-echo sphere curve. See IEC FS 62791 or, in lateral, gxial
and|elevational directions, IEC TR 61390:2022, 6.3.3.2 to 6.3.3.4, for good procedures.

10.§ Distance and other spatial measurements
Only under the following conditions are these measarements required in Level 2 tests:

— \hen distance measurement instability or inagturacy is suspected;

— \When measuring elevational displacement’in mechanically swept linear, curved-linear|and
phased arrays;

— ih many interventional guidance systems;
— \hen measuring lateral displacement beyond the real-time field of view;

— ip mechanically swept singletelement, annular-element, 2D-array- and similar scan-heads.

Thoge systems are more subject to subtle errors than systems with displayed distances relying
onlyl on modern digitalyclocks and spacing of elements in a rigid array. Particularly when
distance measuremenfs* are critical, as in obstetrics, distance measurement accuracl in
medhanically scanned’ directions should be measured at least annually. The accuracy of
megsurements on, thiese less-stable systems should be tested as well as the uniformity of the
distgnce scaley\The first QA tests on a system should include a full set of distgnce
megsurements; if acceptance or other performance evaluations have not been performed,
and|documentation of all distance measurements has not been verified.

Spetifi¢’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-devised-at-time-of
writing for simple tests of ultrasound system sensitivity. Similarly, after that, the maximum
relafive depth of penetration is currenily the next best imaging method-atiime-ofwriting for
ass ssing changes in system sensitivity-anrd-requires—only-a-stablephantom—without-narrpwly
. Because the measurement is relative, the properties can be definedfeflatively
looskly, as in 11.2.2. However, for comparisons with others, it might be helpful to fise the more
tigh{ly defined values specified in IEC 61391-2:2010, 6.2.2 and 7.1. Visual measuremenis of
depth of penetration might be too inconsistent to document modest changes in system
sengitivity; procedures have been developed to quantify this measure.(Since the infage
unifprmity and very-low-echo sphere measurements are also related to/system sensitivity|and
megsure more frequent and diverse problems with the transducer and;system, performande of
thege tests makes the maximum depth of penetration or relative penetration an optipnal
megsurement in Level 2.

11.4.2 Scanning system settings

Thelfollowing is adapted with minor changes from IEC 6€1391-2:2010, 6.2.2 and 7.1. Maxinhum
rela'tive depth of penetration should be measured at.the pre-set (default) frequency presepted
by the system for the most common application for.that system and transducer and for any gther
trangducer, whose sensitivity is suspect and.is;hot already slated for repair after image-
unifprmity tests. To determine the maximum ‘relative depth of penetration, the system-
sengitivity controls should be adjusted to pfovide echo signals from as deep as possible|into
the phantom. This adjustment generally requires the following.

a) The transmit energy (labelled, forlexample, "output", "power", etc.) should be at its highest
$etting.

b) The transmit focal distancesispositioned near its maximum, i.e. as close as possible tq the
apparent maximum relative depth of penetration.

c) The system overall gain and TGC are set at high enough levels that electronic noide is
isplayed on the jimage monitor or until some pixels approach maximum brightness in the
egion where relative depth of penetration is measured. In the latter case, displayed dynamic
ange shouldpe-set to its largest setting. In either case, care should be taken to verify|that

iimage pixels are not saturated or that a real signal is not displayed as zero, i.e. pegged high

Signal, processing settings, such as logarithmic compression and other pre-processmg

system for the most common appllcat|on 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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11.2.3 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.

IEC IEC
a) Image of a uniform section in a tissue- b)‘Image displaying electronic noise only, obtaifned
mimicking phantom; phantom is bright rectangle with the operating controls set the same as for|a)
but with the transducer decoupled from the
phantom

[SOYRCE: IEC 61391-2:2010, Figure 3.]

Figure 5 — Maximum relative depth of penetration — image acquisition

A cine loop of images also should be acquired with the transducer not coupled to the phantom,
whilp using the same.qutput, gain and processing settings. The latter image set will be usgd to
comlpute the depth~dependent electronic noise level for the chosen transducer, receiver,|and
scanmner signal-processing settings. This will result in an "electronic noise only" image, as shown
in Fligure 5b).Atthas been conjectured that transducer mechanical loading, when the-pfebe
tranpducer iscoupled to the phantom, can result in different noise levels than when the-pfebe
tranpducegis”in air. Be aware that this might occur. With wobbler transducers having a fluid
patH to the window of the transducer housing, where reverberations in the fluid path might be
bad| and with new systems and styles of transducers, compare noise levels with the transducer
in aif and with the rransducer coupled o 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 4. 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-may might be necessary to apply a more complex ROl when computing
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al level, that is, the average echo-signal versus depth in the image imthée absence of
tronic noise. Assuming the signal and noise are not correlated, and-that the B-mode inj
display of the echo-signal level, it-may can be shown that the average signal versus d
he image of the phantom is

VAR [ /N2 /[ \2
AU)=~sU) +40)

A() =5 (1) + 59N A7) =s () + 4'(J)

ctor
vel

een
Cho-
any
age
epth

(3)

solid line is 1,4 44}), and it intersects A(j) at a depth of 19 cm, defining the maximum
relative depth of penetration.
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YA
180

Key
X dppth into phantom (cm)

Y njean image pixel (data) value

Figure 6 — Mean digitized image-data value versus depth for the phantom image dalta
(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 maximum depth of penetration, if using a calibrated
phaptom. This corresponds to the ratio 4(j)/4/'(j)»= 1,4, i.e. where 1,4 A4'(j) crosses the|A())
curvle. Also, for cases in which s(j) is not proportional to the echo-signal level, the value A(j)/4'(j)
= 1,4 should be used as a practical definitiomof the maximum relative depth of penetration.

Resplts of this immediate analysis of¢dmaximum relative depth of penetration should be
recdrded in a database [37] as referenced at the end of 10.2.4.

11.4.5 Commentary

Unlike the performance evaluation standard IEC 61391-2:2010, 7.1.3, this measurement of
relative depth of penetration into an attenuating phantom-may-net 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 spme
phaptom is employed, the maximum relative depth of penetration-may can be usef to
evaluate effectsof system upgrades, and in some cases help identify faulty transducers when
the [fault results in subtle loss of sensitivity. Measuring the maximum relative depth of
pengtration can be useful during acceptance tests only when comparing with pre-purchase
tests performed with the same phantom.-Hewever; Sometimes, added performance in depth of
pen ;C";“G";;“G VARV A ‘;“‘ atet8a "G-;‘;“;-"G G““: a ‘tiOn
of higher frequency components of pulsed-ultrasound beams in tissue and/er, 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.


https://iecnorm.com/api/?name=37a3a847df1c2463ad4ef1c90a7e0f41

IEC

TS 62736:2023 RLV © |[EC 2023 - 43 -

11.3 System-image display

11.3.1 General

pict
nee

ima

moiﬁ medical imaging devices. As health systems grow larger and the num of remote

Con'flstent presentation of ultrasound images Is important as the images are transferrgg bver

re archiving and communications systems (PACS) and displayed at various locatigns® [This
i for consistency in presentation is not unique to ultrasound image displays but@p ligs to

ing centres increases, it is imperative to ensure that images viewed on net -connefted

monitors are consistent with the images displayed on the scanner monitor aﬁbviewed byl the

sonpgrapher when adjusting system controls. A standard called the greys standard display
fungtion (GSDF) has been widely adopted for grey-scale medical-im iewing, and it|has
addfessed the need for consistent image presentation [32]. The G is a mathematigally
defined mapping of an input "just-noticeable difference" (JND) o luminance value$ on

ima

ge displays based on the Barten model [32], which holds that e’&u | changes in digital vajues

resylt in equal changes in perceived brightness. The GSDF (Cpnphance can be achieved by

For

con
mig

a)

d)

trangforming digital image values into digital driving levels ) accepted by a display dejvice
to pfoduce luminance values that are related to input digi

nuclear medicine, the GSDF is followed for the i - . ,
diangewstic ultrasound imaging, there is a wide \ﬁﬁion in the current state of practice pertipent
d

to the performance evaluation of the ultr:g,@J

—_—

image values by the GSDF [32].

the majority of medical imaging modalities, i @mg digital radiography, CT, MRI, |Jand
?e review workstation display. However, in

display monitors, particularly in the arda of
isplay and the PACS display. This inconsist¢ncy

$istent presentation between the scan
t stem from the following issues. $

IEC 62563-2 categorizes medlcathsplay devices into three categories: |, Il, and Ill. One of
he main characteristics to de@mlne which category an image display belongs to igl the
5SDF compliance. Only ca ry Il is designated for those image display devices that have
luminance response functiohs other than GSDF. Ultrasound scanner displays should be
ategorized in accordanee with [IEC 62563-2 indicating Il or Ill. Category Ill scanner dispflays
an cause a great_uncertainty in ultrasound image presentation along the imaging chain
rom scanner disﬁto other displays, including multi-functional reading-room workstgtion
*lsplays that fo@9 he GSDF. If a scanner display is designed to be stand-alone or tp be
etworked only the displays of its own kind, the users should be made aware.

ispla k-up table (LUT) instead of to the images in the presentation-value (P-vdlue)
pag€.;in such situations, the image enhancement achieved by processing on the scanner
i y is not transferrable down the presentation stream to the PACS display.

50me@nund vendors employ a strategy of applying image processing to the scanfner-

There is a lack of guidance specific to the ultrasound image modality. While there 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 evolution of
preference in diagnostic ultrasound-imaging procedures. Ultrasound images typically do not
have 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 specify
the viewing conditions.

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
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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.

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

The display should be cleaned prior to testing.

The|mechanical integrity of the display should be assessed via careful inspection for pr@llams
suc:l\) as screen surface scratches, cracks, pen marks, and mechanical stability of ’w@display

support.
$e
1%

Visyal assessment of overall display performance should be done with the | 8-QA palftern
(seq Figure 7) [21]. The 5 % contrast patches starting at 0 % and aéaQ"y/o of maximum
luminance should be used to evaluate quickly the luminance contrast-re se in the minirnum
and|maximum-ends of the grey levels. The visibility of 5 % and 95 % s@d be clear. Alond the
16 drey levels of luminance patches from the darkest to the brighte%): ch patch contains [four
sma]ll corner patches that differ by +4 pixel values from the patch(Q kground, +4 in the upper
left and lower right corners, -4 in the lower left and upper rigr(sorners. Using these patches,
the [user is able to evaluate the visibility of a subtle ¢ st level at 16 grey levelp of
baclkground. Performed under the clinically used viewirg\c nditions, this provides a vigual
assg¢ssment of the luminance contrast-response over t tire luminance range of the display.
Altefnatively, a simplified visual assessment is to veri&e legibility of the characters "QUALITY
ASJURANCE" with progressively decreasing cont@ in the three patches of the minimum,
median, and maximum grey levels. According to‘QJN 6868-157 [40], all the characters shpuld
be [egible in the median and maximum -level patches, and at least "QUALITY
ASJURANCE" in the minimum grey-leve ch for displays in an examination room |with
immlediate establishment of a diagnosis. Alsb, the user should visually assess the line-paiil bar
patterns at the centre and the corners@vell as verify the continuity of the smooth grey-sgtale
ramps at the sides. In addition, makeé\ there are no artifacts, such as cross talk, video signal
artifpcts, burnt-in artifacts. \O

o
Q\\O
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.3.1  Ambient luminance Qq/

ient luminance (L,,,) refers to the luminance generated from the refle%‘éz off the sur
e display of sources of visible light, other than the display itself. Th ient luminang

fering with the visibility of the displayed image. Due to the rg% e nature of ultrasg

s effect on the perce
nance response of the display. The ambient luminance can measured directly. Howsg
not easy to do. Alternatively, the ambient illuminance e measured and multiplie
Hiffuse reflection coefficient (Ry) of the display screeni{o calculate the ambient luming

Fronment. It is important to understand the differe flection properties of various displ
cal values of Ry range from 0,002 cdm‘ﬂux*@ ,010 cdm~2lux~1, though higher va

bossible with glossy displays or protective 9\ Is [33].

%
appropriateness of the ambient Iumin&%e level is determined by the safety factor «,
of the ambient luminance (L,,p) ve.@]s L'min» Which is the sum of the minimum luming

L) and the ambient luminance (%b). It is recommended that the safety factor a be
0,6 for category | displays a@pecified in [EC 62563-2. It is also noted that if the r

bidered in the luminanc ’\Q&ponse calibration, then the safety factor « is not manda
e ultrasound systemsﬁave display configurations for totally dark, semi-dark, and
ing conditions. To agcommodate the different ambient light levels, the minimum lumina
e display is incr d for higher ambient light levels and the luminance response fung
justed accordi . Itis important that the ultrasound system display is calibrated accor
e assumed ient light of the ultrasound imaging environment. In situations where
ient Iighg_ t controllable, for example performing a portable ultrasound exam in a b

h, the u should be aware of the potential for degraded contrast at the lower end of

grey

assgs
TG 1T8\ pattern.

lev nd can use the Level 1 visual assessment testing method described earlig
é& reduction in the visibility of the low-contrast subjects in the darker region of
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11.3.3.2 Luminance response function

IEC IEC (b IEC
a) TG18-LN8-01 b) TG18-LN8-09 c) TG)-&Q(B-W

Figure 8 — Examples of TG18-LN luminance patterns for Iuminar@}neasurements [R1]

The| quantitative evaluation tests involve measurements of the'ﬁ?inance values at varjous
image grey levels. A set of 18 test patterns (TG18-LN-01to T @-LN-18) was designed for|this
purgose. Each pattern consists of a central test region emb d in a uniform background with
cenfral pixel values of 0, 15, 30, ..., and 255 (see FEigure 8). The patterns cover efual
increments of pixel value over the entire range of pixel/values. The luminance (L) at the cgntre
of the pattern is measured. The combined Iuminar? for each step (L’) is the sum of| the
medsured luminance (L) and the ambient luminangc ). These combined luminance vajues

amb
at various image grey levels are used to gene he luminance response function. It coyers
the fange from the minimum luminance, L’miné he maximum luminance, L', ,, and the sfeps
in bptween. Based upon the measured | ance response function, the contrast-respgnse

fundtion is calculated and compared to ,&b one calculated from the GSDF to check for GEDF
comjpliance. 4\6

The|AAPM-TG270 Report exte s"ge luminance response measurement from the 18-point|test
in TG18 to a 256-point, full scale evaluation [33]. This method is only necessary dyring
equipment purchase evaluqi%s and when troubleshooting, if further investigation is neefled.
Autgmated testing softg’e or this kind of measurement is desirable.

11.3.3.3 Minimu@)Q'nd maximum luminance

The|minimum ir;ance, Lmin» is the luminance when the minimum pixel value is displajyed.
Basgd upo manufacturer's configuration, this value can vary widely from near zero to aove
1,0 £d/msS@iven the recommendation of the safety factor a = L,,,/L" iy < 0,6 in IEC 62563-2,
tota ess for L, is not desirable. When L is too low, the effects of ambient lumingnce

min min

N YN + ES ftaoal EYN ol 1 S H £ L H
Can UNVOULUTT UITT LUTIUNAdot PTTOTTIITU TTT N UdTATOoU TUYIUTTO UT LTITC 1T1ITTayv.

The maximum luminance, L., is the luminance when the maximum pixel value is displayed.
Typically, the ultrasound scanner display has lower L., than the reading room workstation

displays. This condition is important to verify during acceptance testing. The stability of the
maximum luminance should be verified during Level 2 and Level 3 tests.

The ratio of the maximum combined luminance (L' a1 = Limax ¥ Lamp) to the minimum combined
luminance (L'nin = Lmin * Lamp) 18 defined as the luminance ratio (#'). »' shall be greater than

100 for both category Il and category Il displays (IEC 62563-2). The stability of the luminance
ratio should be verified during Level 2 and Level 3 tests. The »’ can be monitored for a quick
check of the presentation consistency from one display to another.
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11.3.3.4 Contrast response

An observer's perception of image brightness and contrast is determined in part by the change
in luminance for each grey level change, i.e. the slope of the measured luminance response
function. The difference in luminance per grey level change is called the contrast response.
Based upon the luminance response function, the contrast response function is calculated,
which is then compared with the expected contrast response for a DICOM-GSDF display 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 deMrent
regipns of the display of a uniform image as shown in Figure 9. The global unifor off the
display can be evaluated qualitatively by visually inspecting a uniform display, or‘.ﬁgantitatively
by measuring the luminance using a photometer at the centre and at the fouG ners ofl the
display and calculating the maximum luminance deviation (A;) as the follo iz@( with Ly, fand

being the highest and lowest luminance, respectively. /\(b
SV

y Lpigh =L ow &%

L hight L jow O
&
@)

The|criterion for maximum luminance deviation is (IEC 62563-2). Global nonuniformjties
usuglly do not interfere with clinical interprﬁ'ons of the display [33], though guch
nonyiniformities might reduce the displayed dyd%@ ic range in parts of the image. Howgqver,
localized non-uniformities such as burnt-in artifacts or bad pixels are of greater concern as they
can |interfere with clinical interpretations. \‘(\

Llow

A, =2 (4)

IEC

Figure 9 — TG270-ULN uniformity and luminance test pattern (TG270-ULN8-127 with
background 8-bit grey level 127 is shown) [33]


https://iecnorm.com/api/?name=37a3a847df1c2463ad4ef1c90a7e0f41

IEC

TS 62736:2023 RLV © |[EC 2023 - 49 —

Table 5 — Ultrasound image display QA tests

QA tests Equipment Patterns Testing
frequency
Visual inspection of display mechanical integrity None None Monthly
Visual assessment of overall display quality None TG18-QA Monthly
Visual assessment of luminance uniformity None TG18-UN8O Monthly
Ambient luminance Photometer None Annual
Luminance response function and Photometer TG18-LN-01 to TG18- Annual
conjrast respanse function IN-18
Glopal luminance uniformity Photometer TG18-UN8O Annual \Q
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11.4.

11.] Distance and other spatial measurem
1

Q~v

o)
brksheet in the spreadsheet format is available as Table E.3 [41] for dispIQqQA of w|
irst sheet is a summary report of visual assessment and quantitative measurement res
the second sheet includes the 18-point luminance measurements and-%ﬁient illuming
surement to assess the GSDF compliance. Additionally, a more co hensive works
ailable [41] to include more advanced testing such as chromati uniformity evalug
using a colour meter, measures the colour coordinates (u’, v’ the centre and at the
ers of the display screen and verifies the chromaticity uniférmity by checking the cd
brmity index A(u’, v') in the (u’, v') space [25], see IEC 62 -2. A full analysis of the cd
brmance over the entire luminance range of a display asuring the colour coordin
V') for various grey levels and the grey-scale chromaticity can be evaluated [25],
62563-2. The colour difference between two displays or multiple displays in the same in
entation chain can be evaluated in this way. Q
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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,
described 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
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particularly chosen to minimize the variance and bias in these tests. The latter employ a
relatively high-contrast setting, for example, 60 dB or less dynamic range, TGC at reproducible
settings showing distance targets at approximately uniform brightness, and gain or output to
show the targets at moderately low brightness.

11.4.3 Image acquisition

In a test object designed for distance measurements, scan filaments or other targets from the
window designed for that group of targets. The largest target separation should be sufficiently
large for testing the accuracy over nearly the full range used with the transducer. If a ruler is
imaged, scan it as described in 11.4.2. To test distance measurement in the elevational

dire
the

mar
or th
can
targ
disp|
targ

meagsurement in the lateral and axial directions, perform the scans with“similar alignment

pred
to th

Rep
autd

obsfetrical assessment systems.

11.4.4 Analysis

ction for a 3D- or 4D-scanhead, or even a linear array with some form of 3D trackingy 3
ransducer assembly so that each image scan plane is parallel to a filament or a-dist3
ing on the ruler. Refine the alignment by ensuring that the distance markings on‘the |
e filaments can be visualized clearly, producing the maximum signal from thetarget
be achieved by adjusting the tilt of the transducer assembly. Set the gait\s0 that tk
bts are all visible as the 3D-sweep is performed, but not made larger than necessary in
lay by use of a gain setting that is too high. Perform and record a scan-and verify thg
bts in the 3D field-of-view are seen clearly and fully without coupling artifacts. For dist3

autions as for elevational measurements, but align so that the image plane is perpendid
e filaments or markings on the ruler.

eat those tests for area and volume measurements™\When those measurements
mated or precise and unbiased measurements  afe" particularly critical, as in n

increment providing at least four measurements. Spacings and the distance between the

mo
the
the
gree
devi

Res
end

11.5

Sur
syst

Me}sure the filament positions or the distanceéymarker positions at every 1 cm marker or s

distant positions should not differ ftom the expected values by greater than those s
manufacturer's specifications. Foridistance measurements along the axis of the transdy
measurement should not deviate from the expected value by 1 mm or 2 %, whichevsg
ter. For lateral and elevational distance measurements, the measurement should
ate from the expected valugyby 2 mm or 3 %, whichever is greater.

Lits of this immediate analysis should be recorded in a database (IEC 62563-2) as af
of 10.2.4.

Performange in clinical use and evaluation of QA programme

ey the Chief user and interpreter of the QA tests whether changes or insufficiencig
EM perfoermance have been observed. Record and investigate any problems noted.
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Ass

bssthe QA programme evaluate variance and any hias in the measiirements 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

andlormaximum-—relative-depth-of penetration tests

low-echo-spheres and a random distribution

thereof in a relatlvely low- cost phantom has been described [42] A phantom for Imear arrays

ande
of-p
uret

simi
circ
The

arra
ima

For
ina
tran
and

ar materials, except high attenuation to avoid reverberations, is shown in Eigure A.2.
lar wells are shown for scanning by rotation of the transducer rather thamya-linear sw

e uniformity tests are shown in Figure A.4.

more rigorous measurements, with less chance of acoustic{contact problems [3], scatte
constantly stirred, well mixed, liquid can be employed. No§canning motion is required.
sducer is lowered into the liquid at the minimum distance to establish good acoustic cor
then cine loops are acquired.

Dimensions in centim

R11 (radius
of curvature)

=netrat|on measures is |Ilustrated in F|gure A1 Th|s phantom is a SO|Id block of.ge
hane with a homogeneous distribution of scatterers. The 9 cm wide well in the)top

cou:[ling of curved-linear arrays. A-less—expensive—and more compact phantomprebably of

large and small wells are for slightly and tightly curved linear arrays,.respectively.
ver}atile phantom with a conical well to accommodate various radii-gf-Curvature (RO({) of

s is shown in Figure A.3-and—a. Two temporally stable, inexpenSive-ene phantomsg for

rers
The
tact

etres

IEC

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

12

—— 11 (concave radius
of curvature)

1 (radius of curvature)

12

\%C) IEC
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Dimensions in centimetres

Proximal and distal ends
of scanning window for
smaller ROCs

L 7,5%3
fIatL
scanhing
window
8 x 5 flat
scanning window
4

LASRETN

Proximal and distal ends
of scanning window for
larger ROCs

IEC

TFhree-in-one phantom end view with

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

Fligure A.3 — Photograph and drawing of a three-in-one phantom which provides fg
determination of distance measurement precision and bias, image-uniformity, very-lpw-
echo sphere vistialization, and depth of penetration [39]

-

Twol cone-shaped scanning-windows are on opposite sides; together the two windows dllow
dire¢t contact of convexcurved) arrays with any radius of curvature (ROC) from 3,5 cm thrqugh
6 cnp. The scanning window that accommodates ROCs from 2 cm through 6 cm is direfted
upwprd in the photograph; the windows have a metallic appearance because they consist of
plasftic-coated aliminium foil, which transmits the ultrasound beam but suppresses desiccgtion
of the tissue-mimicking phantom material. The cork layers are for preventing sliding of| the
phaptom when on a smooth surface. A third flat scanning window is shown on the side of the
phaptomfor accommodating other transducer shapes such as linear arrays and phased arrpys.
Morg speecific phantom designs for very-low-echo spheres are presented in IEC TS 62791.

—_

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

Uniformity

IEC

O

a) act uniformity phantom of durable rubber b) A uniform phantom with soft scanning
Q/ material for many transducer shapes® surface to conform to all diagnostic

transducer shapes’

Figure A.4 — Two temporally stable, inexpensive phantoms for image uniformity tests

6 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.

7 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-for-QC or tracking of ultrasound

image-uniformity QA data

Some examples of known software for QA purposes are listed below8[1]:

— UWitralQ™ (Cablon Medical, NL)

This company has developed a software application for automated evaluation and‘repofting
tl:f ultrasound systems dedicated to Level 2 and Level 3 applications, in€luding injage
niformity. (http://www.ultraiq.com); accessed-29-6-2045 2021-06-24.

- QA4US™

5. Weijers, J. M. Thijssen, and C. L. de Korte. Quality Assurancé€)4* medical UltraSqund
quipment. (Radboud University, Nijmegen, NL) MUSIC QA4US Website; accessed 2020-
6-24; a modular software package that can be used fox Level 2 and Level 3 |test

reqmrements—éwww—qa4—us—eu9—aeeessed—26—6—2@4—2

— CIRS QA Portal

Poftware included with the purchase of @y of four general-purpose phantom models (C|RS,
Inc. Norfolk, VA, USA. https://www.cirsinc.com/software/qa-portal/ , accessed 2020-06424).

— @A Track Module, Ultrasound

Tracking of QA data and bar coede-based tracking of transducers and systems, Attrix Medlical
Bystems, Minneapolis, MN, ‘USA.

ttps://www.atirix.com/Rfaducts/QC-Track/Modalities/Ultrasound.aspx
- ottingham-USQC€ USQA

ottingham University Hospitals, Medical Physics & Clinical Engineering, UK; software
developed by thejultrasound group to evaluate Level 2 and Level 3 tests.

Image Uniformity Quantification Software: One-set-of-software algorithm is described herg as
i i ience
NIH
nity.
2 ] 3 ) and
uncompressed DICOM data contarnmg rectangular and arc scan reglons are processed A
median image of the image stack is created with one plug-in and the data are analysed with
either the linear array or convex curved-linear array plug-in. The operator positions and resizes
the analysis window below the main transducer ring-down and for a distance of approximately
one-eighth of the total depth of the image. Additionally, one can reposition the window to catch
any variations of concern. Output of the analysis is shown in Figure B.1.

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

8 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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https://github.com/sclarsonmp/Ultrasound-uniformity
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median absolute deviations from the data's median, 3 MADs). The MAD is similar to the
standard deviation.

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

In Frgure B.1 data are analysed for the transducer in Frgure 1 but wrthout the nylon frlament
for
each image column in the white analysrs box in the medran |mage on the rrght Tentc tive
recdmmended 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 worthy of
recdmmending repair, replacement or further testing. A finding of normalized area greater
than 0,9 in a single valley is worthy of an "unacceptable" rating and”a-request for repair,
replacement or further testing-with. A strong justification should existfof/a recommendatign of
no further action. These recommendations are yet to be verified on a large number of
tranpducers and, in any case,-may might be subject to the individdalinstitution's assessmept of

the mportance of the defect to cI|n|caI practrce —A—etaserﬁeatren—gu@e—rs—tlwt—a—dw—»%—d%—(—%

pixgl values is like taking a certain number.of decibels assuming a standard dynamic r3
setting and a purely logarithmic characteristic curve. This latter assumption is most accura
the middle of the image brightness range:

A
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IEC

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

Example of data anaIyS|s 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
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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.

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 _mdgster
sprgadsheet 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

Volumes Englewood Users/pearsonto locoHills2 ASmallFryjed\ AAPM_ACR_AIUM ICTE(
UefM Test Dane R%00 Analwysis D 2100

SN L
T SN
Uncnmpounded (YN} Scanner Preses
Setongs: Gain TGC Fogal depth & mm
Othgr Setrings:
Dip [keeshald {-MAD below mean): §3.29 9)
MAD i defined a5 the medsan of the absolute deviations from the dats median,
MAD 1.24
Meap =1EH R
MAD Mean 0.02¢
Dvnjmiz Range (4B _ V00 | <« Enter local dynamic range sexing
£ rlﬁmﬁ; O 128,00 < Enter number of elements in amay
Harfrontal scale (image pix/clt) , 2.54
Aream Dip A
Sipralat  Arcax clemens'm Dipdepth (48
Dipd: Min half max |[FWHM  Arcaimeas cam {dH) elements))
X 1.00 4TB4 G243 104.76 1.84 073 251 1.4
2m K0 R} Ry RE 50 117 i1 4R 184 G

B.2L ~Example of QC QA control chart

A control chart can plot results of a series of measurements over time. Confidence limits 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. [SOURCE:spreadsheetfrom [36]plotted-with-modifications]
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A Control chart: TD C9-4 S/N 319234
40

35 -

Dip area (dB elemen

30 —

25

20 —

15 —

10 i t t } g
9/6/12 10/7112 11/5/112 12/5M2 1/9/113
Test date
IEC

iqure B.2 — Control chart for a dip in the middle of the profile for one transducer (TD)
model, C9-4 and the specified serial number (S/N)
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|A. Display Uniformity by Image Segment_ B. Display Luminance Response |

de. P = failed pixels

S = shading (more less bright)
Blank = 0K 5

| Column of minimum resolved split circe, each row

4 L

IEC

IEC
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Annex C
(informative)

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

Two methods are discussed in 8.3,—inecluding namely electronic test methods from an
mdependent supplrer and test methods prowded by the manufacturers —W#ters—are—unawareeei

detdiled results of transducer tests performed internally by the system A device for complete
elecfrical tests of the transducer cable and the elements—{(FirstCall-aPerio™9)} \vas pold
commercially as Sonora FirstCall10 but its availability has-since been subsequently festrigted.
A system for imaging the surface vibrations of a transducer array can fully~check| the
trangmission capabilities of even a 2D imaging array without requiring electrical connectjons
and|pin-to-element knowledge™" [36], see IEC 61390.12

The|test methods in this document for transducer element and channel malperformance| are
quite sensitive, but their connection to image quality at the depths ofiinterest in the image plane
are |not fully understood. Professional judgement is used to determine actual thresholdg for
varipus actions to improve the system performance after defects and, possibly, evolution thereof
have been documented by these tests. When questionable défects are detected, further tegting
shodild be carried out with existing IEC performance eyaluation documents (IEC 61391-1,
IEC|61391-2, and IEC TS 62791 or IEC TS 62558). More ‘specific image-quality performapce-
evalluation methods can help elucidate the importancé ‘of various transducer defects in relgtion
to the various costs of transducer replacement or_repair. 13-A-full-blown-clinical-trial-in-varfous
h

clinical-applications—with-defective-and-properlvfunetioning-transducers-is-not-worth-theco$t—A
cHApaiappHeatohs-WHhR-getective anRaproperytuRetHoHRgHanRsadcersis Aot worth-the-co$t—+~
useful-test- method—however—could-involve use~cfthe-simulated-ideal observerand-simulpted
image on—d bases—of borderline~pathologie h—adjustablelesion—contrasttand

10 This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of these products.

) Ay

12 This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of these products.

13 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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Annex D
(informative)

Special considerations for 3D imaging transducers

General

023

The 3D scan head is usually held stationary over the phantom in an orientation maximizing the
available field of view of the phantom. Special procedures are required when the acquired scan

planes at any depth are separated by greater than 1/4" of the diameter of the spheres\n
pha

D.2

a)

b)

D.3

The

htom. Q}/
@g in 2l

(’-'Rnown position
?lso that the scan p
/4 increments) of

2D transducers and 3D mechanically driven transducers oper
imaging mode

fFor 3D mechanically driven transducers, the scan plane should be
grientation, relative to the housing of the linear array or convex arr
an be made perpendicular to the direction of translation
ransducer or phantom.

n and orientation, relativ

o . . .
éggﬁendlcular to the directio

tom, while the transducer sur
scanning window.

or 2D arrays [2] the scan plane should be at a known
he transducer and be such that the scan plane can
ranslation (in D/4 increments) of the transducer

or
flemains entirely acoustically coupled to the phané

2D arrays operating in 3D imaging mede for determining LSNR,,,, valueg

for reconstructed images as a fu& on of depth or distance from the
central plane \sg\
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the
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n of
face

entire emitting surface of the tr
ow at all times during spatial
And a complete 3D data set

wing
D/4
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This

sets of reconstructed ima
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also possible to analyse the dataset as a function of image distance from the central
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englr

M@%cally driven 3D transducers operating in 3D imaging mode

F The large

Qrg‘éecial software to segment volumes of good imaging data, it is unlikely that LS

of data that needs to be stored might make this procedure impractical in some casegy.
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it is unlikely that the entire emitting surface of the transducer can be acoustically coupled to the

sca

nning window at all times during D/4 translations of the transducer or phantom.
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Annex E
(informative)

Example workbook database for tracking high-contrast, low-echo sphe
visibility and luminance of the display

re

Workbooks, like those illustrated in Table E.1 to Table E.5, provide a convenient way of

entering, maintaining, analysing and documenting test results. One would usually include
tests at all Levels 1 to 3 that require documentation. The workbook usually includes lin
spreadsheets

Table E.1 and Table E.2 are from an example workbook including only high- cong~
echp sphere evaluation. A spreadsheet, besides the more technical ones shownh§
list pll of the scanners and their transducers in the imaging facility or unit@ E.1i

docyimentation of a transducer, with one sheet for each transducer. Many

QA
ked

ow-

shpuld

for

ple prefer a

sepdrate additional sheet for recording data from a single measurement ion on a gjven

tranpducer. That sheet should include measurements of all tests perfor gﬂ at that time.
infofmation should be automatically transferred to a spreadsheet suc hat in Table E.
tracking of a given test result or set of results over time. Simple a ?@

as ip Table E.2 and can include control charts. Here only chang /from baseline is use
analysis. As more data are acquired over time, or system ier specmcatlons on this
becpme available, standard deviations or confidence interv &the running data can be
to detect outliers that represent a change in the transdu or ultrasound system. Final

separate spreadsheet is usually employed to mal@@ report of measurement resplts,

highlighting any recommended action.
QO
s\\‘»
\‘Q@
oY
4\
xO
O

hat
, for

is is usually perfor ed
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Table E.1 — Transducer record and baseline high-contrast, low-echo-sphere
visualization test data

Model of Initial Scorpio X Transducer Model C5-2

Svstem

. LM2-T39-
Manufacturer Enhanced Astrology, Inc. |Serial No. EJ4-4EH7
Location B1 H259 UBMS Inventory # 1H2349288
Serial No. 3 Description
Inyentory-#—HHI345672 Bate-TransducerAegtiredH26/43
Sqftware Version 11.2.2 Defects in Other QC? Y/N |N
Dgscription/notes TD notes
Dgte Installed 4/5/13
Phantom Jelly 608 Date Purchased 12/8/18

Date of Initia ! Phant
- 7-18 MHz Phantom a .e © .m antom 1717

D¢gscription Calibratjg

In|tial Baseline Tests Weight (kg) 0,51

Phantom Condition Air bubbles in corner Baseline Test Date ---> 2/5/17

Intial Baseline Tests |Clear Visualization, Zone 1 [AUEEUR G 0,5

Max Depth (cm) 26
Visible, Zone 2 Min Depth (cm) 26
Max Depth (cm) 4

2nd Set of Zones Clear Visualization, Zone 1 JLAWREIUR(E0))

Max Depth (cm)

Visible, Zone 2 Min Depth (cm)
Max Depth (cm)

3rd Set of zones Clear Visualization, Zone 1 QAR IUN (1))
Max Depth (cm)

Visible, Zone 2 Min Depth (cm)
Max Depth (cm)

Make a file from a blank form with system and transducer identifiers for each transducer.
Make a copy of that file and fill in the data for each new measurement.

X = An apparent noncompliance. Example in Table E.2

Some use red text for measured data or phantom defects, blue for transducer data.
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Table E.2 — Database of periodic sphere visualization results

QA Measurement Data for Spherical Void Visualization Note: if a box tums purple and there is no entry error, contact the QA Manager.

Status X =Warning of a deviation from expected values Enter sytem designation on test date if different from the original scanner
U Transducer
System Model Scorpio X |Mode| c5-2 |
Manufacturer Enhanced Astrology, Inc. Serial No. .
Location US Rm 3, B1-239, Univ Hosp |Inventory # 1H2349288
System Notes Date Installed 2016-05-05
Description TD Notes
Phantom - - -
Phantom Jelly 608 " 2017-01-07 |Test Date Evalu Test Date Evalu Test Date Evalu- - {War Repeat to verifydeyiajion
Calib. Date ation ation ation ning
Test Date Baseline 1,17 08.1027°™ 180212 2018-08-07 2018-08)7
values baseline
Weight (kg) 0.51 0.51
Phantofn - Air bubbles in
Conditfon corner
Clear Visualization, Zone 1 Min Depth (cm) 05 0.4 0.1 0.4 -01 05 Q 0.5 0
Max Depth (cm) 26 26 0 27 01 22 ‘%H X 22 0.4
Visible, Zone 2 Min Depth (cm) 26 27 01 27 01 2.2 04 22 04
Max Depth (cm) 4 4 0 4 0 4 0 4 1]
Clear Visualization, Zone 1 ADRELD (BT
Max Depth (cm)
Visible, Zone 2 Min Depth (cm)
Max Depth (cm)
Clear Visualization, Zone 1 ADRELD (BT
Max Depth (cm)
Visible, Zone 2 Min Depth (cm)
Max Depth (cm)
: AN

Table E.3 gives procedures for acquigition and example entry of data for QA of DICOM-GEDF
image displays; Table E.4 is a worksheet provided for users to copy.

Table E.5 gives procedures-for“acquisition and entry of data for QA of DICOM-GSDF inage
displays, as well as intermediate computational results used for comparison with an initial or
idegl DICOM-GSDF display. A table and figures are available in a workbook for data entry|and
analysis, which is gwailable for download [41]. They give a workable data entry fprm,
intefmediate computgtional results and spreadsheet equations for relevant plots, given|the
ambient luminanee, where the test is performed. The plots include the lumingnce
megsurementg§the slope of luminance response, and deviations from DICOM GSDF in AUND
per prey leyel)ds a function of grey level (IEC 62563-2).
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Table E.3 — Completed short QA data entry example form for
monitor luminance evaluation using test pattern — QA18

Location: - Test Date: -
Physicist: -
Manufactuer Model S/N Unit ID DOM
DISPLAY MONITOR PERFORMANCE
1) Display Cleanliness Pass
2) Visual Inspection of Display Performance With Test Patterns:
0%-5% contrast patches visible? Pass
95%-100% contrast patches visible? Pass
Line-pair patterns distinct (center & corners)? Pass
Grayscale ramps smooth? Pass
0’”"" DISPI2Y \Visual check of characters - "QUALITY CONTROL" o | aunde
" le,:r::nt' Criterion [2]: All characters visible in the white and grey controL | conTRoL
1G18.QC patches but only "QUALITY CONT" in the black patch.
Four low contrast comer patches in sixteen luminarte 1; 2 4
patches from darkest to brightest (TG18-QC): Giicle'the (E)
patch numbers for which the four corner patches are 10)
visible. (2 @o

Mo artifacts (cross talk, video signal arhfacts, etc.) ? Pass
Buminance  ing small- to medium-sized, low-gobitfast, and imegularly- o
Uni f"'"t)’_\"'s“al shaped patterns or region visible® ass
Inspection: - - — -
TG18-UNSD Lumlnance uniform over thel@ntire display area (i.e. global Pass
uniformity)?
3) Photometer Measurements of Display Performance
L' i (cd m3) 0,10
Basjc Luminance [ 3
ﬁvaluation: L max (cd M) 163,16
G18-LN (18 |Criterom[2]: L' max > 150 Pass
points) Lumihance Ratio ' = L'y / L' i 1673.4
Criterion [2]%: »" = 100 Pass
Ambient Safety Factora = L ;oL in 059
uminance |criterion [3F: a < 0.6 Pass
Cum[nantce
Response Criteria [2-4]* GSDF deviation from baseline within 20% Pass
Evaluation
hz:?;ﬁ?;e Criterion [2]* Maximum Luminance Deviation (MLD) < 30% Pass

*Criteria references: 1) IEC 62563-1 Medical electrical equipment - Medical imaging display systems - Part 1:
Evaluation methods; 2) IEC 62563-2, Medical electrical equipment — Medical image display systems - Part 2:
Acceptance and constancy tests for medical image; 3) AAPM TG18 Report "Assessment of Display Performance
For Medical Imaging Systems”; 4} AAPM TG270 Report "Display Quality Assurance”.
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Table E.4 — Blank, short QA data entry evaluation form
for monitor luminance using test pattern —- QA18

Location: - Test Date: -
Physicist: -
Manufactuer Model S/N Unit ID DOM

DISPLAY MONITOR PERFORMANCE

1) Display Cleanliness Pass / Fail
2) Visual Inspection of Display Performance With Test Patterns:
0%-5% contrast patches visible? Pass /(Fail
95%-100% contrast patches visible? Pass /Fail
Line-pair patterns distinct (center & corners)? Hdss / Falil
Grayscale ramps smooth? Pass / Fail
0’”"" DISPI2Y \Visual check of characters - "QUALITY CONTROL" o | aunde
" le,:r::nt' Criterion [2]: All characters visible in the white and grey controL | conTRoL
1G18.QC patches but only "QUALITY CONT" in the black patch.
Four low contrast comer patches in sixteen luminarte 1; 2: 3 4
patches from darkest to brightest (TG18-QC): Giicle'the g B; [ 8
patch numbers for which the four corner patches are 9 10; 11, 12
visible. 13; 14; 15 16
Mo artifacts (cross talk, video signal arhfacts, etc.) ? Pass / Fail
Buminance  ing small- to medium-sized, low-gobitfast, and imegularly- Pass / Fail
Uni f"'"t)’_\"'s“al shaped patterns or region visible® ass fral
Ipspection: Lumi if h ire displ i lobal
TG18-UNS0 uminance uniform over thentire display area (i.e. globa Pass / Fail
uniformity)?
3) Photometer Measurements of Display Performance
L' i (cd m%)
Basjc Luminance [ 3
ﬁvaluation: L max (cd m7)
518-LN (18 Criterom[2]*: L' max = 150 Pass / Fail
points) ; Tt '
Luminance Ratio #' = L' o/ L' min
Criterion [2]%: »" = 100 Pass / Fail
Ambient Safety Factora = L ;oL in
uminance |Criterion [3F: @ < 0.6 Pass / Fail
Cum[nantce
Response Criteria [2-4]* GSDF deviation from baseline within 20% Pass / Fail
Evaluation
h'r'lﬁ';m;e Criterion [2]*- Maximum Luminance Deviation (MLD) < 30% Pass / Fail

*Criteria references: 1) IEC 62563-1 Medical electrical equipment - Medical imaging display systems - Part 1:
Evaluation methods; 2) IEC 62563-2, Medical electrical equipment — Medical image display systems - Part 2:
Acceptance and constancy tests for medical image; 3) AAPM TG18 Report "Assessment of Display Performance
For Medical Imaging Systems”; 4} AAPM TG270 Report "Display Quality Assurance”.
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Table E.5 — Analysis of luminance measurements

Display Evaluation Overall: Pass

Procedure: Measure the 18-point luminance response of the display in gray level increments of 15 and the ambient
illunimance. Measure the MLD uniformity in the center and either the four corners or four edges. Measure the LUDM
uniformity at the center, edges, and corners. The uniformity measurement can be done at any luminance, but is

typically performed at gray level 30, 120, or 210. At 50% record the i i (u'v') for
D65 accuracy.
Evaluation Information
Display Make Luminance Meter Evaluation Std| AAPM TG270
Display Model Calibration Date Display Type
Display Serial llluminance Meter Date
Display DOM Calibration Date Evaluator
Measured Luminance (cd/m
[Qualitative Components Gray Level Current Baseline(9/26/2018)
Visible Inspection | Pass 0.04 .04
Display Cleanliness Pass 0.33 .33
Iniformity (Fill in luminance reading in appropriate cel 0.83 .83

0
75
30

22.06 22.02 2059 45 172 7

2‘.10 2160 EXE] 321 ¥

2h00 1575 75.60 75 502 o
Unit_Mpas. Level 21.04 50 7.58 5
MLD % 105] 11.20 1118
LUDM 0.64% 120 15.61 1557
Result Pass 135 21.05 21.01
150 2826 2804
165 37. 37.14
80| 48. 48.29
95] 63. 63.03
10 80.. 80.18
25 1024 10213
40 129. 129.1
255 163. 162.7
Lomy (cd/m?) | 0.06 0.10
Eamr:l:ilf_:'mm <06 Lamb/L'min 0.59 pass
ambient assumed diffuse reflection
illuminance (lux) 115 coefficient Rd 0.005
\
GSDF
I JND JNDgsdf Lgsdf dJND/GL |[relEmr (dL/LYIND _ [dL/L dcm relEmr dcm+10% 4 [decm-10% |dem+20%  |dem-20%  [Prevl’
0.10 9.73 9.73 0.10 0.0657 00723 0.0592 0.0789 0.0526 14
039 38.99 41.12 0.42 1.951 -0.068 0.0381 0.0344 0.106 070379 0.0310 0.0413 0.0276 .43
0.89 66.71 72.52 1.03 1.848 -0.117 0.0250 0.0241 0.038 0.0265 0.0217 0.0289 0.0193 .93
1.78 97.90 103.91 1.99 2.079 -0.006 0.0213 0.0188 0.181 0.0207|  0.0169 0.0226 0.0151 .82
3.27) 13253 135.31 341 2.309 0.103 0.0188 0.0156 0.203] 0.0172 0.0141 0.0188 0.0125 )
508 16242 166.70 5.38 1.993 -0.048 0.0138 0.0135 0.021 0.0149 0.0122 0.0162 0.0108 14
764 193.96 198.09 8.03 2103 0.005 0.0128 0.0120 0.065 0.0132 0.0108 0.0145 0.0096 [.67]
11.26] 22747 22949 11.51 2234 0.067 0.0122 0.0108 0.115 0.0120 0.0099 0.0131 0.0088 1].28
15.67| 258.75 260.88 16.01 2.085 -0.004 0.0104 0.0401 0.032 0.0111 0.0091 0.0121 0.0081 1p.67
2111 289.07 292.28 21.76 2.021 -0.034 0.0094 06,0095 -0.003 0.0104 0.0085 0.0113 0.0076 2011
2832 320.86 323.67 29.04] 2120 0.013 0.0093 0.0089 0.040 0.0098 0.0080 0.0107 0.0071 2514
37.34| 35243 355.06 38.18 2.104 0.005 0.0088 0.0085 0.028 0.0094 0.0077 0.0102 0.0068 3).24
4852 383.72 386.46 49.61 2.086 -0.003 0.0083 0.0082 0.015 0.0090 0.0074 0.0098 0.0065 48.39
6328] 416.74 417.85 63.82 2201 0.052 0.0034 0.0079 0.066 0.0087)  0.0071 0.0095 0.0063 6p.13
8046 44763 44925 8145 2.059 -0.016 0.0076 0.0077 -0.005 0.0084 0.0069 0.0092 0.0061 8.28
0266 479.88 480.64 103.23 2.150 0.027 00077 0.0075 0.036 0.0082 0.0067] 0.0089 0.0060 10p.40,
29.56) 511.46 512.03 130.10 2.106 0.006 0.0074 0.0073 0.013 0.0080 0.0066 0.0087 0.0058 128.20
63.16] 54343 543.43 163.17 2131 0.018) 0.0073 0.0071 0.023 0.0079 0.0064 0.0086 0.0057 16p.80,
GSDF Coefficients \ 110% 90% 120% 80%
a -1.30119|A 71.498068) N\ UND/GL ‘ 2,093‘ 2,302‘ 1.884 2.512 1,674|
b -2.58E-02|B 94 593083\
c 8.02E-02|C 41.912053] u' v
d -1.03E-01|D 9.8247004] [D65 [ 0.19783] 0.46833]
e 1.36E-01|E 0.23175407|
f 2 87E-02|F -1.1878455
g -2.55E-02|G 0-48014349]
h -3.20E-03|H 0.14710899
k 1.30E-04]1 -0.01704685
m 136E-03] o
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JND
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c) Plot of AJNDIgrey level for GSDF compliance check

s the just-noticeable diffgrence

Figure E:1*— Current and previous measurements and trendlines providing
luminance at various grey levels, fractional slope of luminance and deviation
from DICOM GSDF in AJND per grey level (IEC 62563-2)
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization‘\comp
| national electrotechnical committees (IEC National Committees). The object of IEC is to promote’internaf
p-operation on all questions concerning standardization in the electrical and electronic fields® To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rej
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC\Publication(s)").

eparation is entrusted to technical committees; any IEC National Committee interested.in the subject deal
hn participate in this preparatory work. International, governmental and non-governmental organizations lig
ith the IEC also participate in this preparation. IEC collaborates closely with thénternational Organizatid
tandardization (ISO) in accordance with conditions determined by agreement/between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internaf
bnsensus of opinion on the relevant subjects since each technical ,committee has representation fro
terested IEC National Committees.

EC Publications have the form of recommendations for internatiofal use and are accepted by IEC Na
ommittees in that sense. While all reasonable efforts are made*to ensure that the technical content o
ublications is accurate, IEC cannot be held responsible for\the way in which they are used or fof
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
ansparently to the maximum extent possible in their national and regional publications. Any divergence bet
hy IEC Publication and the corresponding national pr regional publication shall be clearly indicated in the |

EC itself does not provide any attestation of conformity. Independent certification bodies provide confog
Esessment services and, in some areas, acegss to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they have the-latest edition of this publication.

o liability shall attach to IEC or its directors, employees, servants or agents including individual expertd
embers of its technical committeesand IEC National Committees for any personal injury, property dama
her damage of any nature \whatsoever, whether direct or indirect, or for costs (including legal fees
kpenses arising out of the\publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the.Normative references cited in this publication. Use of the referenced publicatio
dispensable for the-correct application of this publication.

ttention is drawh, to the possibility that some of the elements of this IEC Publication might be the subje
htent rights. MEC-shall not be held responsible for identifying any or all such patent rights.
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TS 62736  has been prepared by IEC technical committee 87: Ultrasonics. It is a Technical

This second edition cancels and replaces the first edition published in 2016. This ed

constitutes a technical revision.

tion

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

editi

on:

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

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

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

d) 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
examples (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.

Thellanguage used for the development of this Technical Specification is English.
Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and developdd in
accgordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availpble
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC|are
defined in greater detail at www.iec.ch/standardsdev/publications.
Terms in 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 unti| the
stabjility date indicated on the IEC website under webStore.iec.ch in the data related to| the
speg¢ific document. At this date, the document will be
e feconfirmed,
e \ithdrawn,
e teplaced by a revised edition, or
e amended.
IMPORTANT - The "colour-inside" 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

co

tents. 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-initi i in—initi 91,
IEC|61391-1, 61391-2, and IEC 62563-2. This document provides methods to verify the stabili
of ap imaging system's elementary performance.

Thig document is deemed necessary because substandard ultrasound-system performange is
oftep accepted or remains undetected in the absence of unequivocal and décumented tests.
The|lmost common of the failures, in all but the oldest systems nearing rétirement, are gub-
perfpbrmance of a transducer-array element or lens or of a cable or electr@ni¢ channel. Thefe is
approximately a 14 % transducer-failure rate and a 10 % system-failure rate per year on|first
testing [11,[21,[31,[41.[51,15],[71,[81,[9],[10],[111,[12]". Sensitive image_uniformity tests for these
transducer- and channel-failures are presented here for use dailyte monthly (Level 1), annually
(Level 2) and biennially (Level 3).

Thig common occurrence of suboptimal diagnostic examinations has created an urgent neqd to
standardize quality-assurance (QA) and performanCe-evaluation procedures to promote
impoved efficacy of diagnostic examinations through widespread use of effective [QA
prodedures and to dispel myths as to their utility."Proposers believe, however, that exigting
natipnal and international standards and guides.[1,[3],[12],[13],[14] specify or recommend too
many tests and inappropriate tests for detecting and discriminating the common flawg in
diagnostic ultrasound systems during routing QA. These practices include tests, such as sphtial
resdlution, which are low-yield and belong in performance-evaluation procedures, rather than
QA.

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

failures affecting the‘operation of other modes, such as colour-flow, harmonic-, elasticity-|and
compound-imaging*~The failures might be more pronounced in these other modes and| the
fraction of failufes in other modes detected by these tests has not been reported.

DetLTction of failures by-these recommended pulse-echo tests will probably also detect most

Image-uniformity QA is applicable to transducers operating in the wide 1 MHz to 40 MHz
frequency’/range, as the requirements for phantoms are not stringent for this test. The gther
test$ “Could be made applicable up to 40 MHz [15],[16] when the depth of penetrgtion
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
smalll-enough groups of elements to enable users to detect significant element failure\qr to

proJide 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

Scope

5e-echo) imaging. Image measurement and interpretation workstations are included.

E Usually, "periodic testing" is referred to as "quality control (QC)" or quality assurance'(QA).

other quality-control and/or service-provider organizations. The procedures are for a
e of more common diagnostic ultrasound systems, currently~operating from 1 MH
IHz, although available phantoms meet the specifications gnhly from 1 MHz to 23 MHz.

Lently:

nally operating the systems.

5 performed more rigorously, two tests‘that are for special situations or equipment, and
is just optional, included becausé’it is highly developed. Level 2 tests are perfor
hally by those with meaningful guality assurance training.

des a periodic review 6f the QA programme.

uent distance-measurement accuracy tests are recommended in this document only
bin classes of position encoding that are not now known to be highly stable and wit
. QA in all dimensions is recommended in this document as the first test for such systg

e. The types of transducers used with these scanners include

a) electronic Inhsl:pd arrays

b) |

document, which is a Technical Specification, specifies requirements and methodg for
bdic testing of the quality of diagnostic medical ultrasound systems using reflection-nfode

document includes minimum sets of such tests intended for frequent users of medlical
sound systems, for quality assurance professionals in their organizations, or those hired

vide
z to

tests are defined in three levels, with the simplest and-most cost-effective performed most

ose

el 1
one
med

and

for
hout
ms.

test methodology is applicable for transducers operating in the 1 MHz to 23 MHz frequgncy

inear arrays,

C) convex arrays,

d) mechanical transducers,

e) t

wo-dimensional arrays operated in a 2D imaging mode,

f) transducers operating in 3D imaging mode for a limited number of sets of reconstructed 2D

i
g) t

mages, and

hree-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|60050-802, International Electrotechnical Vocabulary — Part 802: Ultrasonics
(avgilable at <http://www.electropedia.org>)

3 [Terms and definitions

For the purposes of this document, the terms and definitions given in fEC 60050-802 and the
following apply.

ISO| and IEC maintain terminology databases for use in stapdardization at the following
addresses:

o |EC Electropedia: available at https://www.electropediaiorg/

e |[SO Online browsing platform: available at https:/Ayww.iso.org/obp

3.1
quality assurance
QA
regylarly performed procedures to ensure\consistent performance

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

3.2
performance evaluation
set ¢f tests performed to assess specific absolute performance of the object tested

Note|1 to entry: Typical times for ultrasound system performance evaluation are at pre-purchase evaluation) new
and | repaired systém,~ acceptance testing, according to IEC 61391-1 and |IEC 61391-2 | and
[11,[171,[18],[19],[20]4f211;[22], and at times of performance difficulties and end-of-useful-life evaluations. Leyel 3
QA tests include many of those recommended for such performance evaluation.

3.3
phaphtom
device designed to mimic some aspects of the human body for the purposes of testing or traiping

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.

[SOURCE: 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
thickpess. The signal (ie, pixel values) at points near the object boundaries will include contribution from that dbject
and ¢ontributions from the material around it. For example, if the object is a sphere with a diameter closeltp the
thickhess of the slice, then you cannot define a good measurement region in the image of the sphere_ in ‘which the
signgl does not include components from material lying outside the sphere.

3.7
maxXimum depth of penetration
maximum range in a phantom, with properties meeting the specifications-of IEC 61391-2, at
whigh the mean pixel value corresponding to signals from the weakly-reflecting, backgrqund
scafterers are 1,4 times the mean pixel value corresponding to(dmages displaying pnly
electronic noise at that same depth

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

3.8
maxXimum relative depth of penetration
maxiimum range in a phantom, at which the mean pixel value corresponding to images
displaying echoes from weakly reflecting and background scatterers are 1,4 times the mean
pixegl value corresponding to images displaying only electronic noise at that same depth

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

Note|2 to entry: The adjective "relative" is~used because the phantom specifications defined in this document are
so Ipose that measurements of the "makXimum range" with different phantoms cannot be compared.| The
meadqurements are only for tests of stability, i.e. comparisons between measurements on the same phantom|over
time.

Note|3 to entry: For available phantoms and specifications, see [16],[17], and for a potential alternative measure
of depth of penetration, see15].

Note|4 to entry: The maximum relative depth of penetration is, by international standards, expressed in metres
(m) gnd conventionally iff centimetres (cm).

3.9
median absolute deviation
MAI
meqian 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°

[SOURCE: IEC TS 62791:2022, 3.2, modified — the note has been deleted.]

3.13
lowiecho sphere

hyppechoic sphere
spherical inclusion in a phantom with a backscatter coefficient lower than the backscatter
coefficient of the surrounding tissue-mimicking material

[SOPYRCE: IEC TS 62791:2022, 3.3]

3.1
very-low-echo sphere

high-contrast, low-echo sphere

sphere with —40 dB, or greater, contrast with its backgteund material

3.1§
lowiecho sphere diameter
D
diameter of the low-echo spherical inclusions in a phantom

Note|1 to entry: It is generally assumed that-all'low-echo spheres in a particular phantom have the same diameter
D. The diameter tolerance is +1 %.

3.16
lesipn signal-to-noise ratio
LSNR
ratiq of the mean pixel.value over a region of a detected target in an image, minus the mean
pixgl value over a_specified region of the background echo signals, to the standard devigtion
of the mean pixel values contributing to the background

Note|1 to entry~~ This term might also be referred to as the lesion contrast-to-noise ratio.

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

3.1
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 g

mea

n lesion signal-to-noise ratio for depth interval d

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

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

note

3.20

2 has been deleted.]

refefrence value of mean lesion signal-to-noise ratio
LSNde,ref

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

sett

ngs, or values acquired in acceptance testing or the first or first-N(periodic tests on a g

trangducer and settings

3.21

useable range

HU
rang

Note
spec

3.21
Ay
mini

3.21
%P
first

3.22
mea3a
|LSA

giv

e or ranges over which the negative of LSNR, is 21,41

and

and
ven

1 to entry: Useable range is more fully defined as the  useable range for imaging low-echo sphereg of a

fied size. It is usually expressed in centimetres [cm]:

A

mum depth at which the negative OF LSNR,, is 2 1,41

.2

maximum depth at which the negative of LSNRm is 21,41

n useable contrast over the useable range
Renal

mejn |LSNR,,) over the useable range or combined useable ranges of a transducer u
e

n settings

nder

[SOBRCEEC TS 62791, 3" 9anmd—3tamodified]

3.23

clarity index

o

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-n

Note

oise ratio averaged over the useable range times the useable range

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,

1

“or overlapping” has been
thrtgrval

ext

3.25

depth interval label
d

integer for identifying depth intervals in an image

Note|1 to entry: d=1,2,...,d_ . where 1is at the least depth and 4 is at the greatest depth.

[SOYRCE: IEC TS 62791:2022, 3.9.1]

3.264

detectability
nun1erical value quantifying the probability that a hunian observer will detect an object ip an
image having background speckle

[SOURCE: IEC TS 62791:2022, 3.10]

3.27
signal-to-noise ratio
SNR
ratig of signal plus noise at a given@depth in the image to noise obtained with a clean transdycer
in air at the same depth

Note|1 to entry: The signal-to-noise ratio here is defined specifically in this document for the application gf the
maximum depth of penetration-measurement. The noise here refers to electronic noise only.

Note|2 to entry: SNR is.defined in 61391-2:2010, 7.1.3, in Formula (2).

Note|3 to entry: Aumore general definition of SNR is given in IEV 702-08-61.

3.28
time¢ gainccompensation
Teﬂ

amplification of the signal with time after the transmit pulse to approximately correc{ 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
doa greatest integral number of the depth intervals allowed by the 3.25
chosen maximum possible depth for data analysis
LSMR lesion signal-to-noise ratio 3M6
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
LSMR i ref reference value of mean lesion signal-to-noise ratio 3.20
[LSVRm,l mean useable contrast over the useable range 3.22
MPY mean pixel value 3.6
" useable range 3.21
1 minimum depth of the useable range 3.211
2 first maximum depth of the useable‘tange 3.21.2
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

Soui

ced from IEC 62563-1 and.62563-2.
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Table 2 — Overview of the symbols and definitions of the display QA terms

IEC TS 62736:2023 © IEC 2023

coordinatésiin the u’ — v' space corresponding to CIE15:2018 [23

Symbol Mathematical Definition and explanation
definition Allin 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.

Ll Meximum-taminancegenerated-by-an-image-disptay-deviceat-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'k Leint Lamo Luminance that is perceived by the human eye at the céntre of|the
screen at digital driving level (DDL) = 0.

L'l Loax T Lamb Luminance .th.at is .pg-rceived by the human eyg-at’the centre of|the
screen at digital driving level (DDL) = max.

Ry Diffuse reflection coefficient (provided by. manufacturer with a spetific
measurement method, ideally following the methods defined in [1]).

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

a4, L. L Maximum luminance deviation, a“measure of display uniformity, yith

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

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

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

A(ul, v') Colour distance between two sets of measured chromaticity

4.2 Abbreviated terms

The[meanings of abbreviated tenms used in this document are given in Table 3:
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5

The
test

For

recd
sinc
recd

Other expectations of system manufacturers are explained in 8.3.

6
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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

General recommendation

manufacturer's specifications should allow comparison with the results obtained from
5 defined in this document.

compliance with this document, manufacturers should provide a description of ho
ver pre-sets (nearlytcomplete set of settings controllable for image acquisition and disp

ver such settings-or most equivalent settings available.

Environmental conditions

the

v to
ay),

e such settings are affected by software updates. They should provide a capability to 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
penetration.

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

sign

ificantly dependent on speed of sound.

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

Thrge levels of ultrasound QA are based on the time required for performance and the intgrval
between tests. These levels are similar to those recommended by the European Federatign of
Socj|eties in Ultrasound in Medicine and Biology [1]. Recommended schedules for-performing
these three levels of tests are provided in Table 4, along with some examples~of/flexibiliy to
projide a reasonable cost-to-benefit ratio for performing the tests. Some professipnal
judgement should be employed in the scheduling.

Table 4 — Outline of tests by level

Test

Evaluation

Action, if deviation found

Intervals

Level 1

Store results & €onfirm
with:

Inspection for
danpage to
trarjsducer 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
maintemance?

Daily

Imalge uniformity for
wel| used

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

trarjsducers transducer self-check
Monitor function Visual Level 3 tests, adjustments Monthly
or maintenance
Hard copy (if Visual Adjustments or Monthly
avajlable) maintenance
Meg¢hanical Visual; inSpection for all Level 2 tests or Monthly
Inspection mechanical components and maintenance
power cord, especially stable
wheel mounts and clean air
filters
Level 2
Repgeat Levél-tests | On all transducers, include Adjustment or maintenance Annuallyb
image uniformity with
phantom?. See Clause 9
ng-l-cun'l'ra'st,—lvw Evatuate ranges of Au‘juatlllcllt or-mamtenance /-\nnua“yk

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, Measure the grey scale Adjustment or maintenance Once
system and transfer curve. See 11.1
interpretation
Maximum relative See 11.2; preferably Adjustment or maintenance | Every 2 years
depth of absolute as in IEC 61391-
penetration 2:2010, 7.1
(optional)
Sysltem-image See 11.3 Adjustment or maintenance Every 2 years
disglay
Disfjance/other All systems in all Adjustment or maintenance Every 2 years
spatial measurement directions, See
measurements 11.4 and IEC 61391-1:2006,
7.4

Performance in Survey chief user and Repeat needed Level 3 Every 2 years
clin|cal use and interpreter and assess the QA | tests, adjustments or
evajuation of QA programme. See 11.5 maintenance
programme
Corjtrast-detail IEC TR 61390:2022, 6.3.4 Adjustment or maintenance | When extensive
detpctability ) ) ) assessment is desirefd

; Not described further in this
(opfional)

document

t is reasonable to limit these Level 2 tests to frequently used transducers, if internal transducer self-chg
are implemented [43].

Systems used in breast cancer screening and other critical,/high-use applications should receive Level 2 t
every six months.

Currently required as annually (up to 14 months) by ACR [20] and conditionally by EU ONORM S$S5240-22 [

n large medical systems with many inexpensive* ultrasound units, Level 3 and even Level 2 tests on
scanners might be hard to justify. In these situations, rapid replacement followed by repair or recyclin
Fesponse to concerns from Level 1 tests might be appropriate, with Level 3 tests of perhaps 10 or 20 of
units every other year. In small, possibly\isolated, practices, Level 1 tests should be performed and e
effort made to obtain Level 2 and Level 3 quality assurance and correction of malfunctions.

cks

bsts

D2].

all
b in
the
ery

7.2

Level 1 tests

Level 1 tests are shortsduration (approximately 5 min) checks, to be performed daily to mor

by t
spe
Alte
end
tran

ne ultrasound system users. They are performed visually, requiring no phantoms or g
ial equipment,~only record keeping. Only limited training and practice are requ
‘native methods of proven and at least equivalent sensitivity, as well as interpretabili
users, may be employed. See Table 4. The image uniformity tests will detect substa
sducer-efement and cable- and electronic-channel degradation. Monitor function tests

detgct noticeable change in display luminance, uniformity and resolution.

Whi

thly
ther
red.
y to
ntial
will

e 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
sensitivity 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
quantitative tests of displays used during scanning and during remote interpretation. Distapce-
megsurement variance and bias tests are required initially on some systems and réegularly on
othgrs. See Table 4 and Clause 11. The maximum relative depth of penetration'and optipnal
megdsures are recommended to be absolute, as in performance evaluations, to gllow
comjparison with results from other sites. This test is not required when low-echo sphere tests
are performed. These measures should be self-consistent to detect changes’in the ultrasqund
systems tested over many years. Acceptance tests and other full-performance evaluations
are part of complete quality assurance but are treated separately béeause they are covered
by gther standards already referenced. Several Level 3 proceduresCare specified by referepce.

8 [Equipment and data required

8.1 Phantoms and software
8.1.1 General

The(test procedures described in this documentshould be carried out using tissue-mimicking
phaptoms and electronic test equipment, fogether with digital-image data acquired from| the
ultrdsound scanner and appropriate software for image evaluation.

With appropriate attention, a phantomtis likely to maintain its manufacturer-specified propefties
and|tolerances thereof for at least four years provided the user follows the recommerjded
mairI:enance and is scanning the-phantom modestly, less than 250 h per year. Tolerance§ on
somje specifications are giveniin 8.1.2 and 8.1.3. The phantom's manufacturer should projide
at lgast a four-year warranty-"For water-based tissue-mimicking materials this durability cap be
attajned by the warranty‘requiring periodic monitoring of the phantom's weight as specified by
the manufacturer. When the weight has decreased by a specified amount, the phantom can be
retufned to the manufacturer for transfusion with sufficient aqueous solution to return| the
phaptom to its weight (and presumably ultrasonic properties) at the time of manufacture. When
a phantom is/starting to desiccate — as water-based phantoms do — or otherwise degay,
tranpition oflexisting QA data to that with a new phantom is possible, if the two phantoms have
congistentiacoustic properties. If such a transition is undertaken, note clearly the time of the
chaTge.

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]1,[29],[30]. Phantoms without other backscatter generators require particles, such as 40
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

um-

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 manufacturers? can produce tissue-mimicking materials and phantoms

thatlcomply with the following specifications. More stringent requirements are listed in 8.1 .4
Level 3 tests, other than image uniformity for which lax specifications are adequate.

8.1.8.2 Phantoms specifically for image uniformity and spatial tests, andoptional
Level 2 tests

Image uniformity, spatial size, resolution, and maximum relative depth, 6f-penetration t
also| may be performed with phantoms, or sections thereof, having background mat
medting the tighter specifications in 8.1.3.3. See the discussion in 8.1.4for cautions about u
phaptoms with the loose specifications of 8.1.3.2 for spatial size ahd optional Level 2 test

Spegd of sound: (1 500 + 100) m s~! at 3 MHZ for image uniformity tes
only.

Speed of sound for‘distance measurement shall 1
specifications for€vel 3 tests in 8.1.4.

MasE density: (0,95 to 1,15).g'mL-"
e

Sp
compact-‘dmage-uniformity phantom. The high v
minimjzes reverberation artifacts.

| for

ests
brial
s5ing
5.

ting

heet

ific attenuation coefficient: (0,3 to 0,9)<dB cm~'MHz~1, choosing the higher end for a

Blue

Backscatter coefficient: (31%77 x 104 cm~1sr-1) at 3 MHz and frequency| (f)
dependence of (f?), where 3 < ¢ <4 from 1 MHz to 23 MHz.

Scapning surface: The scanning surface should allow acoustic contact of the
entire, active area of the transducer with the phantom,

Dimgensions: For image uniformity tests, the phantom should provige a
uniformly scattering and attenuating field that extends [to a
depth of at least 6 cm.

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

8.1.8.3.1 General

Spepdiof sound of both materials: (1 540 + 10) m s~'. For phantoms designed for specific

annlicatione tao haodv _narte with cnaoad aof caond ol
SPPHESHORS—0—P0& Y SHtS—WHH—SP-Bea —SOHHG t

arly

B
different than 1 540 m s~'!, materials with that speed of

sound may be used. In that case, the phantoms shal

| 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".

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 Pha
Solutions, Windsor, ON, CA (www.truephantom.com) and Kyoto Kagaku Co., Ltd, Kyoto, J

ntom
apan

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.

Backsmwrwefﬁdvm—ﬁcrnm—tmkgmm—nmmt—Sﬂg—rrHW1 at

3 MHz and frequency dependence of /4, where 35,4 [ 4,
and for the high-contrast sphere material, no higher (less
negative) than —40 dB relative to the background matefial.

Long-term stability: With appropriate attention, a phantom is likely to maintain
its original values of backscatter coefficient within +5 dB,
attenuation coefficient/frequency within/+8 %, propaggtion
speed 1 % and mass density +2 % |for at least four ygars
unless under heavy use, i.e. more than 250 h per year.

8.1.8.3.2 Phantoms for use with adequate sensitivity in/the 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
entife B-scan image frame. High-contrast spheres-~should be available for detectabiility
assg¢ssment over the entire image frame and the diameter of these spheres should be specffied
by the manufacturer within +t8%. The mean number of spheres per unit volume should be at
leasft one per millilitre, but the volume fraction‘consisting of spheres should not exceed 1% %.
Scapning windows should provide for contactof the entire emitting surface of the transdjicer
(actlve area of a transducer), while allowing' elevational translation of the transducer ovgr a
sufficient distance that the most likely number of spheres traversed by the scan plane at or near
the focal distance(s) is 75 or more in a9 mm depth interval.

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

Withh some of the highest resolution ultrasound scanners, a very-low-echo sphere diamgter
between 3 mm and 4 mm_ might be found to be appropriate. For more complete performance
evaluation above 7 Mklz, smaller spheres are recommended in 8.1.3.3.3.

8.1.8.3.3 Phantoms for use with higher sensitivity in the frequency range 7 MHz tp
23-MHz

For higher\sensitivity to resolution changes with transducers in the frequency range 7 MHz to
23 NIHz, ~“specialized phantoms with smaller, (2,2 * 0,2) mm sphere diameters |are
recdammended 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)

P(u) =< (1)

whefe

v is the mean number of high-contrast sphere centres per millilitre.
For pxample, if v =1 and P(u) is the probability of there being u high-contrast sphere centrgs in
an drbitrarily chosen 1 mL volume, the standard deviation (o) is o = vV&51.

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

Maximum relative depth of penetration is used herey rather than maximum depth of
penptration, as defined in the referenced standard, IEC,61391-2, because the more expenjsive
and|perhaps less robust test objects that are requiredfor the absolute measurements specified
in IHC 61391-2 are not absolutely required for quality assurance. However, absolute measpres
are fecommended, using phantoms specified inJJEC 61391-2 to allow comparison of a uger'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 folloying
proferties. These are similar to those specified in IEC 61391-2 except that a phantgm's
acouistic-property requirements, though=not its stability requirements, are relaxed herd for
faciljties using the same phantom forsa long period of quality-control testing, or a serigs of
phaptoms having consistent properties.

For @ll but the uniformity and.very-low-echo sphere phantom tests, more rigorous phantom
material specifications for Level 3 QA over the 1 MHz to 23 MHz frequency range are as follpws:

Spegd of sound (SQOS); (1 540 + 10) m s~1, to avoid substantial complications.

Whan filaments ‘are included with appropriate spacing to simulate 1 540 m s=' SOS for eadh of
the pcan geometries available on an ultrasound system, then (1 500 + 80) m s~' at 3 MHz is
tolefrable.<Fhis extreme flexibility is allowed for quality assurance only, assuming appropfiate
notifications of the expected or possible errors in focusing and on- and off-axis distgnce
medsufements are on the phantom. Users should be instructed to use a filament group with
curvature close 1o that of the transducer, as can be seen easlly 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: (3+§;x 104 cm ~Tsr =1 (10 dB) at 3
MHz.

Background material for phantoms including the randoimly-
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 bg f4,
where 1 < g <4,

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

Scapning surface: The scanning surface should allow acoustic contact of the
entire, active area of the\transducer with the phantom. A
well to contain a thin (ayer of degassed water or saline to
ease acoustic coupling is convenient.

Dimgensions: The useable phantom depth should be at least 22 cnm for
testing maximum relative depth of penetration at|low
frequencies™\(2,5 MHz to 5 MHz) and deeper for Igwer
frequenci€s. The lateral and elevational dimensions shpuld
be such-that there is at least a 6 cm wide by 6 cm thick
region of uniform tissue-mimicking material at distances
corresponding to the maximum relative depth| of
penetration for the scanner and transducer under stjudy.
Larger cross-sections might be required to provide a
uniform region when testing 3D scanning systems.

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

8.2 | Image data

8.2.1 Digital-image data

Level 3\tést criteria described in this document, particularly maximum relative depth of
pengtration, are best applied to digital-image data derived from the ultrasound scanner blging
evaluated. This requires knowledge of image-pixel brightness (grey) Tevels 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)

b)

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

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,

agneto-optical disks, zip disks, or CD-ROM, and these are appropriate sources of.didital-
iimage data as well. Full-screen capture is available on many systems, sometimes by, stgring
@ single image rather than a cine loop.

The|second group of scanners includes those simpler devices that do not provide digitjzed
image data directly but provide standard video signals, i.e. image data that can be captured
into[a computer and then analysed. For these, increasingly rare, scanners, a video-frame
grallber may be used to acquire digital-image data. The video-signal\grabbing should be
proJided under stable conditions to minimize signal distortions. The following provisions apply:

8.2.2 Image-archiving systems

The input dynamic range of the video-frame grabber should be adjusted to accommogate
the maximum signal amplitude of the video output.

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

Conversion-function linearity should be assured:

The display spatial resolution (given by the‘pixel size) of the digital picture shall be at Ipast
@s good as the original video line density of the image.

The video-capture frame rate of the wvideo-frame grabber shall be high enough to gllow
Tﬂcquisition of data to keep up with nput data rates, if the imaged field is moved. Kegp in
ind the difference between scanhing frame rate and output-video frame rate.

A cable matched for input/output impedance should be used to avoid reflections in the |ine.

Image test patterns are required for scanner display testing [33]. In worst-case situatjons
he ultrasound system's(display screen can be photographed with a digitizing CCD camlera,
nder low light condjtions and with repeatable photographic settings and field of view] but
his is more difficultito control quantitatively.

Many imaging:centres use commercially available picture archiving and communication systems
(PACS) forwiewing and storing ultrasound-image data. Manufacturers of PACS systems usually
proJide means to acquire images in minimally compressed "tiff" (tagged image file format) or
an Jncompressed format, such as a raw or a DICOM-format [32] to work stations that have

acceéss+ightstotheimagedata

ot

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
smafl numbers of elements is usually done in near-field focal zones of linear and curved-+linear
arralys. Availability of this test sequence should be described clearly and prominently|(for
example, in the index and table of contents) in the operator's manual or in a well*publicjzed
supplement thereto. The sequence should allow testing of each transducer elementor the small
numbers of elements selected for transmit and receive apertures. Ideally, if\five adjatent
elements are combined in the lateral direction for transmit and receive, the nextiaperture shpuld
drof one element on one end and add another on the other end of the aperture, and so on.[The
number of elements in each transmit aperture and each receive aperturé ‘of this sequence|and
their sequencing should be specified in the documentation. For 2Dfarrays and other arfays
wheIIe beam formation and scanning with a small number of elemefts is not done clinically, at
leas|t for short depths, a test sequence should be provided to allow the simple QA tests df all
addressable patches or small groups of addressable patches of transducer elements [and
chamnels, as provided in this document.

Smgll grouping of addressable patches may be reported{to enable some disguise of propridtary
transducer addressing methods. A better alternative“is a list of necessary statistics on pptch
resgonses that should be agreed upon by user groups and the system supplier and repofted.
Thig should include locations of outliers, withautrhecessarily giving a total number or size of
patghes.

Manufacturer-provided or third party-previded electrical tests (Annex C) for which there|are
stropg data showing a good correlation'with these QA measures and which provide a mapping
and|summary of element performance may be employed by the user. However, the phanfom-
bas¢d QA tests for uniformity described in this document should be performed at least twice a
yeal to verify that the provided(tests are adequately sensitive.

Manufacturers should provide system-display test patterns necessary for the display tegting
des¢ribed in 10.3 ang~within the time frames specified there. These patterns should be easily
acceéssible and employable by the end user. The capability for calibrating the system displgy to
the PICOM grey-scale standard display function should also be provided [32]. Optimal display
calibration is appropriate and important for the ultrasound-scanner display since, in practice,
this [display isused 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
thar] two defective pixels. The ambient light should not make it difficult to see details onl the
screen.

In the hard copy and stored images, verify that the images presented tocinterpreting |and
refefring physicians show essentially the same features as on the ultrasound”system display
and] that the ultrasound system display shows what is seen on the interpretation copy.

Thege results/observations should be recorded in a checklist in a QA record book in papegr or
digital form and deviations should be acted upon in a timely manner:

10 |Level 2 measurement methods

10.1 Mechanical inspection

As in Level 1, inspect all equipment, including scanner, monitor, transducers and scan tablg, to
makle sure all mechanical components are fully intact and all mechanical systems are functignal.
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 g potential shock hazard and the cable insulation and grommets for wear.

10.2 Image uniformity for transducer element and channel integrity
10.2.1 General

Thelimage-uniformity test is primarily a test of ineffective transducer elements or their signal
chapnels, including cables and connections [34]. Measurement results of all Level 2 tests will
dep’Fnd on the system-transducer, frequency and the operating conditions and mode [31]. These
shall be specified 'and employed regularly for consistent QA measurements that car] be
repgated for detection of change over time, as well as detection of unacceptable inage
unifprmity.

10.4.2/,“Apparatus scanning procedures and system 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:

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
gaii-to+rardmize-sigrattevel-rea ero-depth—whie oteHAg for—rearthe—maxdmum

pixel values.

Disable the speckle reduction and any artifact-removal (particularly shadow remqval)
gettings, if possible.

Fxcept as otherwise noted, settings, such as frequency, should be in typieal)positions|that
are used clinically, preferably at the pre-set (default) settings presented. by the system for
lhe most common application and body habitus for that system andthe transducer under
lest. All of the values for these settings should be recorded.

he grey-scale characteristic curve setting shall be reproducible. It is possible but usyally
ot essential, to measure the characteristic curve as detailed in IEC 62563-1. The J‘rey-
gcale characteristic display curve should be set to the (one that has the most pyrely
lbgarithmic compression, a straight line in image-pixel value as a function of logarithmic,
eceived signal level. If these settings are not available;sthe characteristic curve of the most
important clinical application for that transducer should be chosen. In either case a 50 dB
displayed dynamic range is preferred.

Obtain help, if necessary, on finding these and-other settings affecting QA results and regord
lhem, so that they can be reset if another operator has changed them.

ime gain compensation (TGC) should.be set to the most useful and then reprodugible
gettings possible. "Most useful" is for uniform brightness with depth. Often "most
eproducible” is flat TGC at either extteme of maximum, minimum or middle gain.

Phased- and 2D-array tests are performed with a modified paper clip test in M-mode [34] or

ith special imaging sequences from the system manufacturer as specified in 8.3. With
lhose arrays, employ the system test sequence provided by the system supplier, following
any special directions provided.

A\l settings should be-recorded and stored in QA uniformity- and penetration-test, prg-set
files to make reproducible tests practical with the more complex settings. Many of| the
gettings are recorded when only a single image, as opposed to a cine loop, is stored.

Pignal processing settings, such as logarithmic compression, speckle reduction, and gther
pre-processing functions, as well as image-display settings, such as post-procesging,
$hould bgein typical positions that are used clinically, as mentioned above, and recordgd.

10.2.3, \Image acquisition
Sontepractice s Tequitedto obtaimtestdataconsistentiy: e TTage acquisitiomr 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
check.

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

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

10.2.4 Analysis

For high sensitivity and quantification, compute the median-averaged image value q; ; over all

images, k= 1to N, in the sweep, or sweep and tilt, for each pixel at coordinate i,j. The resul
highly averaged image is likely to reveal drops in image brightness in the pixels b
compromised transducer elements or channels. To quantify the image brighth€ss

unif

brmity, compute the median pixel value in depth over at least 10 % of the image depth

example, from 2 mm to 20 mm in each column in the image, while avoiding néisy section

the
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image. For linear arrays that means simply averaging the image-pixel values in ¢
mn at depths over that range, from 3 mm to 10 mm. The hashed lines, inFigure 1 (right
bd to show this region of axial averaging, over a smaller range of 2 mm to 8 mm.
ction of median values as a function of pixel number along the transducer surface forms
al profile of Figure 1 (left). This processing is performed usingtany one of many avail
vare applications for this type of task. The task can be performed fairly easily in geng
ose software or uniformity-specific software4. Automated analysis could be performe

images from enough different clinical cases produced by a\given transducer to assess
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ling,
low

non-
, for
s of
ach
are
This
the
able
pral-
i on
non-

5. A
tive

elements well separated from each other are the'greatest number of defective elements usdially

allo

than
grey
requ
defsg
othse
test

incly

ved. With a 50 dB dynamic range and reasonably logarithmic compression, a loss gre

or equal to 6 dB would be displayed asa dip greater than or equal to one-tenth of thq
-level range, or 26 on the 256-level*scale shown in Figure 1. Some experience wil
ired in learning to interpret these“data. Performance of transducers with unaccept
cts by this criterion should be~compared with results of tests by the service providg
r measurements, such as complete transducer-face imaging [36], or a complete elect
of the elements. Other.specifics of measurement with available specialized softw
ding production of profiles with convex linear arrays, are given in Annex B.
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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.
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4 Median pixel level in image column, over 3 mm to 10 mm range

3(

On the right side of Figure 1 is a median-averaged image derived ffom a large stack of ima
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chanpge and half-width thereof and\location on the array. Such recording should be done fd
s of scan-line signal change‘in the image, where the change exceeds recommended limits
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Figure 1 — Median-averaged image (right) and its lateral profile (left)

uniform, stirred liquid phantom; white vertical lines at the top (8 mm to 10 mm depth) s
ange over which the signal of each scan line was median-averaged to make the profil
eft. A 0,53 mm diameter fish line filament was placed acrtoss a central element to simu
defective transducer elements. This filament casts the-tmain shadow seen in the image
profile. This effect of a shadowing material is usSually larger than that of the cov

itive or lost single elements. On the left side of'Figure 1, the set of blue points overlai
red line constitutes the central three fourths\(75 %) of the profile data. The dotted g
ow) lines mark one (two) median absolute deviations above and below the profile med
grey "shadows" merely extend (simplistically) below sections of the data that reside in
bm eighth (12,5 %) of the profile set.

ilts of this analysis should be.récorded in a database including at minimum, the si

he tested type of transducer and system. Also, conclusions from the tests shoulg
ded. When such recomimended limits are unavailable, are not fully satisfactory or w
ticable in other cases, the database should include the median-averaged image
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in a contrel\chart [37]. The control chart can help define deviations exceeding ce
idence limits; or two or three standard deviations, from the mean or median of the previo
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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 translafional increment befween acquired frames should be Tess than
or efjual to one fourth of the sphere diameter.

NOTE It is customary that software and hardware will be made available that simplify acquisition, fecording and
long-term storage of these data.
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LA L

) Simple transducer holder allowing manual, parallel b) Example(of @ manual quantitative
motion, in the direction of the short white arrow, in equal, slider pfoviding displacement of
chosen increments 1 mm/turn‘with transducer holder and {ilt

adjustment [38]

Transducer

IEC

¢) sUse 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.

Tth@WWWﬁW:ﬁHW&WWWJCM
model on that scanner model. Sweep the transducer in its elevational direction along the-lepgth

of the phantom for a linear array that will fit in the narrow direction of the scan windew.|For
conyex and sectored arrays, it is best to scan across the narrow width of the window.

NOTE It might prove simpler to translate the phantom.

10.3.2.2 Automated analysis

Zone 1
0,8 cmto 2,7 cm

Zone 2 :
0,8cmto4,1cm J
-4

IEC

[SOYRCE: IEC 62791: 2022, Figure 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 aytomated-analysis software is employed, the LSNR, for the nth sphere with its centre lying

in the valume segment determined in each depth interval, d, spanning the entire depth rgnge
available, as in I[EC TS 62791 [15] and [39], should be computed, preferably in overlapping

deptirimtervats—T e mearnr of the LSVR,, S for attspheres wittrcemntres ma giverr depthrimterval

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

manufacturers in transducer/imaging-device/imaging-mode specifications.

10.3.2.3 Visual analysis

If aytomated-analysis software is not employed, visual interpretation is'\performed on a fine
loop of the imaged sweep, or other captured 3D image stacks. The images should be displayed
at a[rate at which the viewer is most comfortable making the following estimates of Zone 1jand
Zong 2. Zone 1 and Zone 2 are, respectively, the depth ranges over‘which: 1) the sphereq are
clearly visible, 2) are reasonably well delineated, but with very limited contrast. That rate shpuld
be repeated in the future. Examples are given in Figure 3 and{Figure 4.

Figdre 4b) illustrates an error in the ultrasound system software. The large failure in focuging
in the 1,8 cm to 2,7 cm range in Figure 4b) occurred inappropriately with a minor shift in the
focal zone placement from that in Figure 4a). While quality assurance consists mainly of
revgaling changes over time at fixed settings;.ityis worth validating on phantoms any poor
system function, whenever image quality is upexpectedly poor in clinical use at any settings.

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\wWhen
sengitivity loss is suspected. See 10.2. In general, the absolute, rather than the_relgtive
megdsurements, are preferred, as in IEC 61391-2:2010 7.1.

Spatial resolution measurements are optional as they are highly redundant with'very-low-echo
sphpre visualization for detecting changes in system performance. The two-dimensional, gxial
and|lateral, spatial measurements have rarely detected system-performance-defects or charnges
not seen by the required tests. Automated, three-dimensional, axial,-lateral and elevatipnal
medsurements are becoming available. These beam profiles are likely 16 have the precisign to
proVide, in three curves, only slightly different performance information on a transducer|and
system as a does a single, very-low-echo sphere curve. See IEC TS 62791 or, in lateral, axial
and|elevational directions, IEC TR 61390:2022, 6.3.3.2 to 6.3.3.4, for good procedures.

10.§ 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;

— \hen measuring elevational displacementiin mechanically swept linear, curved-linear|and
phased arrays;

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

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

Thoge systems are more subject to subtle errors than systems with displayed distances relying
onlyl on modern digital«clocks and spacing of elements in a rigid array. Particularly when
distance measurements* are critical, as in obstetrics, distance measurement accuracly in
mechanically scanned’ directions should be measured at least annually. The accuracy of
megsurements on, these less-stable systems should be tested as well as the uniformity of the
distance scaley~The first QA tests on a system should include a full set of distgnce
megsurements; if acceptance or other performance evaluations have not been performed,
and|documentation of all distance measurements has not been verified.

Spetifi¢’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 cyrrently the next best imaging method for assessing changes in system sensitivity. Because
the Imeasurement is relative, the properties can be defined relatively loosely, as in 11{2.2.
However, for comparisons with others, it might be helpful to use the more tightly defined’vajues
speg¢ified in IEC 61391-2:2010, 6.2.2 and 7.1. Visual measurements of depth of ’penetrgtion
might be too inconsistent to document modest changes in system sensitivity; precedures have
been developed to quantify this measure. Since the image uniformity and | very-low-echo
sphpre measurements are also related to system sensitivity and measurg more frequent|and
diverse problems with the transducer and system, performance of these tests makes|the
maximum depth of penetration or relative penetration an optional measurement in Level|2.

11.2.2 Scanning system settings

Thelfollowing is adapted with minor changes from IEC 61391:272010, 6.2.2 and 7.1. Maximum
rela'tive depth of penetration should be measured at the pre-set (default) frequency presented
by the system for the most common application for that system and transducer and for any agther
trangducer, whose sensitivity is suspect and is not jalready slated for repair after image-
unifprmity tests. To determine the maximum relative depth of penetration, the sysfem-
sengsitivity controls should be adjusted to providerecho signals from as deep as possible|into
the phantom. This adjustment generally requires the following.

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

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

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

Signal processing settings, such as logarithmic compression and other pre-procesging
fungtions,.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 diffjcult
bod itos: -set ; i TTi fcati - 5 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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11.2.3 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.

IEC IEC
a) Image of a uniform section in a tissue- b)‘Image displaying electronic noise only, obtaifned
mimicking phantom; phantom is bright rectangle with the operating controls set the same as for|a)
but with the transducer decoupled from the
phantom

[SOURCE: IEC 61391-2:2010, Figure 3.]

Figure 5 — Maximum relative depth of penetration — image acquisition

A cine loop of images also should be acquired with the transducer not coupled to the phantom,
whilp using the same.qutput, gain and processing settings. The latter image set will be usgd to
comlpute the depth~dependent electronic noise level for the chosen transducer, receiver,|and
scanmner signal-processing settings. This will result in an "electronic noise only" image, as shown
in Figure 5b). /t has been conjectured that transducer mechanical loading, when the transdpicer
upled to~the phantom, can result in different noise levels than when the transducer |s in
e aware that this might occur. With wobbler transducers having a fluid path to the window
of the transducer housing, where reverberations in the fluid path might be bad, and with new
systems and styles of transducers, compare noise levels with the transducer in air and witH the
transducer coupled 10 a dummy Joa OCK of attenuating rua as 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.



https://iecnorm.com/api/?name=37a3a847df1c2463ad4ef1c90a7e0f41

- 38 - IEC TS 62736:2023 © IEC 2023

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) : ,
width at the maximum depth. Similarly, 4'(j), the mean pixel value (mean numerical gréy\level
in the ROI) versus depth should be determined for the image containing noise only.

Typical plots of 4(j) and 4'(j) versus depth are illustrated in Figure 6. The A(j).Values are deen
gradually merging towards the 4'(j) as depth increases. Let s(j) be the depth-dependent egho-
signjal level, that is, the average echo-signal versus depth in the image imthe absence of|any
electronic noise. Assuming the signal and noise are not correlated, and-that the B-mode image
is a|display of the echo-signal level, it can be shown that the average-signal versus depth for
the {mage of the phantom is

A()=As () + 4" ()7 AGYENs(G) + 4 () (2)

Thug, the signal-to-noise ratio for depth, j, SNR().is

(3)

The(solid line is 1,4 4'(j), 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 dalta
(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 maximum depth of penetration, if using a calibrated
phaphtom. This corresponds to the ratio A(j)/4'(j)»= 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'(j)
= 1,4 should be used as a practical definitiomof the maximum relative depth of penetrat{on.

Resplts of this immediate analysis of¢dmaximum relative depth of penetration should be
recdrded in a database [37] as referenced at the end of 10.2.4.

11.24.5 Commentary

Unlike the performance evaluation standard IEC 61391-2:2010, 7.1.3, this measurement of
relative depth of penetration into an attenuating phantom cannot be used to compare imaging
perfprmance of similar)systems, unless the tests are performed on the same phantom or jwith
a phantom meeting-the more rigorous specifications in IEC 61391-2. If the same phantom is
employed, the.maximum relative depth of penetration can be used to evaluate effecfs of
system upgrades, and in some cases help identify faulty transducers when the fault resulfs in
subfle loss of-sensitivity. Measuring the maximum relative depth of penetration can be ugeful
duripg aCceptance tests only when comparing with pre-purchase tests performed with the same
phaphtom. Sometimes, added performance in depth of penetration is accompanied by decrgase
in -‘2 “;-;‘ petatSe—o G““: a “-;G‘G ‘G“ S eRty ‘G“GG“‘
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 adjustmg system controls. A standard called the greyscale standard dlsplay
funbllUll (GSDF) hdb UCTCTITI VVIUUIy dUU}JlUU IUI ylcy bbcllc |||cuu,cu Illldyc VIUVVIIIy, allu Il. haS
addressed the need for consistent image presentation [32]. The GSDF is a mathematigally
defined mapping of an input "just-noticeable difference" (JND) index to luminancevalde$ on
image displays based on the Barten model [32], which holds that equal changes in digital vajues
resylt in equal changes in perceived brightness. The GSDF compliance can bg|achieved by
transforming digital image values into digital driving levels (DDLs) accepted by a-display deyvice
to produce luminance values that are related to input digital image values by-the GSDF [32].

For [the majority of medical imaging modalities, including digital radiography, CT, MRI, [and
ar medicine, the GSDF is followed for the image-review workstation display. Howeverr, in
diagnostic ultrasound imaging, there is a wide variation in the current state of practice pertipent
to the performance evaluation of the ultrasound display monitors, particularly in the area of
consistent presentation between the scanner display and the PACS display. This inconsistgncy
might stem from the following issues.

a) IEC 62563-2 categorizes medical display devicesdnto three categories: I, Il, and Ill. Orle of
he main characteristics to determine which category an image display belongs to is| the
SDF compliance. Only category Ill is designated for those image display devices that have
luminance response functions other than GSDF. Ultrasound scanner displays should be
ategorized in accordance with IEC 6256342 indicating Il or lll. Category I|ll scanner displlays
an cause a great uncertainty in ultraseund image presentation along the imaging chain
rom scanner displays to other displays, including multi-functional reading-room workstgtion
isplays that follow the GSDF. If.a"scanner display is designed to be stand-alone or tp be
etworked with only the displays)of its own kind, the users should be made aware.

b) $ome ultrasound vendors employ a strategy of applying image processing to the scanjner-
isplay look-up table (LUT) instead of to the images in the presentation-value (P-vdlue)
pace. In such situations; the image enhancement achieved by processing on the scanner

isplay is not transferrable down the presentation stream to the PACS display.

c) There is a lack-aef/guidance specific to the ultrasound image modality. While there| are
tandards for,_medical imaging displays, the guidance for various imaging modalitigs is
enerally provided with blanket criteria not ideal for the unique visual tasks and evolutign of
refereneefin diagnostic ultrasound-imaging procedures. Ultrasound images typically dq not
ave the-dynamic range of radiography from which the blanket criteria evolved. Also) the
mbient light varies widely in ultrasound scanning rooms, leading to the necessity to spgcify

hé<iewing 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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