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FOREWORD

eration on all questions concerning standardization in the electrical and electronic fields. Ta this
Hition to other activities, IEC publishes International Standards, Technical Specifications, Technical
cly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Puplication(s)
hration is entrusted to technical committees; any IEC National Committee interested in(the-subject d
barticipate in this preparatory work. International, governmental and non-governmentalorganization
he IEC also participate in this preparation. IEC collaborates closely with the International Organiz
Hardization (ISO) in accordance with conditions determined by agreement between’the two organiz

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

Publications have the form of recommendations for international¢use and are accepted by IEC
mittees in that sense. While all reasonable efforts are made to @€nsure that the technical conten
cations is accurate, IEC cannot be held responsible for ther way in which they are used or

EC Publication and the corresponding national or regional publication shall be clearly indicated in t

tself does not provide any attestation of conformity. Independent certification bodies provide cd
5sment services and, in some areas, access, tovIEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification bodies.

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

pbility shall attach to IEC or its directors, employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property dg
damage of any nature whatsoeyer, whether direct or indirect, or for costs (including legal f4
hses arising out of the puplication, use of, or reliance upon, this IEC Publication or any o
cations.

bensable for the correct ‘application of this publication.

. IEC shall not.be held responsible for identifying any or all such patent rights.
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constitutes a technical revision.

edition

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

a) Several additional phantom designs are included in the main body of the document;

b) Several additional transducer types are included in the Scope;

c) Methods of analysis are presented in new Annex B.
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The text of this Technical Report is based on the following documents:
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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 at tissue boundaries. Furthermore, the number of ultrasonic pulse-echo scanners
using plane-wave imaging technology is increasing.

Alternatively, a scanner can transmit a wide-field wave-front or several transmit-beams and
record from the whole transducer array the echoes backscattered from tissue boundaries [1]
[2]1. The latter is followed by software beamforming, picking several parts of the wide beam or
in this way selectmg one of the S|multaneously transmitted beams to obtain adequate resolution.

Plane-yrave Lculllllquca canot uuulpctc with pllyalual, transmitbeam IUIIIIIIIH forrmaximum

depth ¢f imaging at a given bandwidth, maximum resolution and minimum acoustic-exgosure.

Ultrasdnic scanners are widely used in medical practice to produce images of many sof{-tissue
organs|throughout the human body. A variety of transducer types is employedto operate in a
transmjt/receive mode for generating/receiving the ultrasonic signals.

This dgqcument describes test procedures that should be widely acceptable and valid forja wide
range of types of equipment. Manufacturers should use this dogument to prepare their own
specifications, while users should use this document to check{manufacturers’ specifiqations.
The mgasurements can be carried out without interfering with‘the normal working condifions of
the maghine. The structures of the test objects, test equipment and measuring systen]s have
not been specified in detail; rather, suitable types of<\everall and internal structunes are
descriljed, together with typical test objects, in Annex{A."The specific structure of a test|object
and test equipment should be reported, together with the results obtained using them. [Similar
commgrcial versions of these test objects are available.

The performance parameters selected and the corresponding methods of measurement have
been ghosen to provide a basis for comparison with the manufacturers’ specifications and
betwegn similar types of apparatus of different makes, intended for the same kind of diagnostic
applicdtion. The manufacturers’ spéecifications should allow comparison with the |results
obtaingd from the tests describedlin this document. Specific values of parameters gnd the
tolerances on them have notibeen recommended, since these are constantly changing.
Furthermore, it is intended that) the sets of results and values obtained from the use| of the
recommended methods will. provide useful criteria for predicting the performance of eqipment
in apprppriate diagnostie-applications.

The prpcedures recommended in this document are in accordance with IEC 60601-1:2005.
Where|a diagnostic system accommodates more than one option in respect of a pafrticular
system compahent, for example the transducer, it is intended that each option be reganded as
a sepafate system. However, it is considered that the performance of a machine is adequately
specifieds if-measurements are undertaken for the most S|gn|f|cant comblnatlons of machine-
controllsettin
should be considered as a speC|aI case rather than a routine requirement.

Data relating to measuring methods, principles and equipment that are common to two or more
sections of this report are given in Annex A. Specific test procedures are given in Annex B.

The measurement of acoustic output power levels and the assessment of electrical safety are
dealt with in other IEC standards; they are therefore specifically excluded from this document.

T Numbers in square brackets refer to the Bibliography.
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Test procedures to determine performance specifications

ope

This document describes representative methods of measuring the performance of complete

real-time medical ultrasonic imaging equipment in the frequency range 0,5 MHz to 23

Hz.

NOTE The frequency range given represents, in general, the widely used range in hospitals @t [the
publicatipn; special medical applications use higher frequencies for imaging but mainly in research or pr

imaging.

This ddg
for the

e me
e ele
e ¢gle

e ¢ele

e wafer-bath scanner based on any of the above fouriscanning mechanisms;

e pla

e combination of several of the above methods (e.g. a linear array phased at the ¢

pro

The methods described are based on evaluation of:

e son

e Son

environments;

e par

This dd
electro

2 Nd

cument is relevant for real-time ultrasonic scanners based on the pulse-echo pr
types listed below:

Chanical sector scanner;
ctronic phased array sector scanner;
Ctronic linear array scanner;

Ctronic curved array sector scanner;

ne-wave/fast imaging scanners;

Huce a sector there to enlarge the field of view.

ograms obtained by scanning. of tissue mimicking objects (phantoms);

ograms obtained by scanning of artificial, low- or highly reflective targets in s

bmeters of the ultrasound field transmitted by the measured scanner.

nic systems:

rmative references

date of
b-clinical

nciple,

dge to

uitable

cument does.not relate to methods for measuring electrical parameters of the scanner’s

There are no normative references in this document.

3 Te

rms and definitions

For the purposes of this document, the following terms and definitions apply.

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

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

e |SO Online browsing platform: available at http://www.iso.org/obp
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3.1

A-scan

class of data acquisition geometry in one dimension, in which echo strength information is
acquired from points lying along a single beam axis and displayed as amplitude versus time of
flight or distance

[SOURCE: IEC 61391-1:2006, 3.1]

3.2
A-mode

amplitude-modulated display

method_af presentation of A-scan information in which the ultrasonic transducer-target
distande is represented on one axis (normally horizontal) and the echo amplitude oncthg other
axis

[SOURICE: IEC TR 60854:1986, 3.17, modified — Replacement of "echo information" with "A-
scan iphformation" and "transducer to target distance" with "ultrasonic ‘transducerttarget
distande"]

3.3
accepflance testing
evaluation of system performance after delivery of a purchased\of repaired system and|before
authorisation for payment

3.4
acousiic clutter
noise drtifact in ultrasound images that appears as\diffuse echoes overlying signals of interest

Note 1 t¢ entry: Sources of acoustic clutter include,sound reverberation in tissue layers, scattering fron] off-axis
structurgs, ultrasound beam distortion, returning ech@es from previously transmitted pulses and random acpustic or
electronic noise

3.5
acousfic scan line
one of the component lines that\ferm a B-mode image on an ultrasound monitor, where each
line is|the envelope-detected“A-scan line, in which the echo amplitudes are convefted to
brightness values

[SOURCE: IEC 61391-1:2006, 3.26]

3.6
acousiic-working frequency
centre|frequency
arithmgticimean of the frequencies f1 and f2 at which the amplitude of the acoustic pfessure
spectrum is 3 dB below the peak amplitude

[SOURCE: IEC 61391-1:2006, 3.3]

3.7

axial resolution

minimum separation along the beam axis of two equally scattering volumes or targets at a
specified depth for which two distinct echo signals can be displayed

[SOURCE: IEC 61391-1:2006, 3.5]
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3.8

B-scan

brightness-modulated display scan

class of data-acquisition geometry in which echo information is acquired from points lying in an
ultrasonic scan plane containing interrogating ultrasonic beams

Note 1 to entry: B-scan is a colloquial term for B-mode scan or image.

3.9

B-mode

brightness-modulated display

method of presentation of B-scan information, in which a particular section through an imaged

objectfﬂmmmd—m—mmwbmmfﬁm—mmm—mmwe is
represented by local brightness or optical density of the display

[SOURICE: IEC 61391-1:2006, 3.10, modified — Replacement of "scan plane" with""plarfe"]

3.10
backsg¢atter coefficient
at a splecified frequency, the mean acoustic power scattered by a specified object in tHe 180°
directign with respect to the direction of the incident beam, per unit'solid angle per unit jolume,
divided by the incident beam intensity, the mean power beingbtained from different|spatial
realizations of the scattering volume

Note 1 t¢ entry: The frequency dependency should be addressed at places where backscatter coefficien{ is used,
if frequepcy influences results significantly.

Note 2 t¢ entry: Backscatter coefficient is expressed in units)of 1 per metre times 1 per steradian (m-'sr{")".

~

[SOURCE: IEC 61391-1:2006, 3.6, modified & In the definition, addition of "at a specified
frequemcy", and addition of two new Notes to, ehtry]

3.1
backs¢atter contrast
ratio be¢tween the backscatter coefficients of two objects or regions

[SOURICE: IEC 61391-2:2010, 3.8]

3.12
bandmIdth
differefce in the/most widely separated frequencies f; and f, at which the magnitudg of the
acoust|c pressure spectrum drops 3 dB below the peak magnitude, at a specified poinf in the
acoustic field

Note 1 t nnfry' Bandwidth-is nvprnccnr{ inhertz ('—l")

[SOURCE: IEC 62127-1:2007, 3.6, modified — Replacement of "becomes" with "drops"]

3.13

beam axis

straight line that passes through the beam centrepoints of two planes perpendicular to the line
which connects the point of maximal pulse-pressure-squared integral with the centre of the
external transducer aperture

Note 1 to entry: See Figure 2 .

Note 2 to entry: The location of the first plane is the location of the plane containing the maximum pulse-pressure-
squared integral or, alternatively, is one containing a single main lobe which is in the focal Fraunhofer zone. The
location of the second plane is as far as is practicable from the first plane and parallel to the first with the same two
orthogonal scan lines (x and y axes) used for the first plane. This alternative definition, eliminating reference to the
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centre of the external transducer aperture, is necessary when the pressure distribution among the transducer
elements is not symmetric about the external transducer aperture.

Note 3 to entry: In a number of cases, the term pulse-pressure-squared integral is replaced in the above definition
by any linearly related quantity, for examples:

a) inthe case of a continuous wave signal, the term pulse-pressure-squared integral is replaced by mean square
acoustic pressure as defined in IEC 61689:2022, 3.29.;

b) in cases where signal synchronisation with the scan frame is not available, the term pulse-pressure-squared
integral can be replaced by temporal average intensity.

Note 4 to entry: Definition is modified compared to 4.2.14 of IEC 61828:2020 — "aperture" replaces "surface
plane”.

External transducer aperture

\>/ i /4;, Elevation axis (v)

I L
] i
Azimuth axis (x)

//
Beam area plane (xy)

/

Beamwidth
S

-

/

Azimuth plane
Elevation plane (yz)

|

|

Azimuth scan direction (x) |
X “\

| Beam axis (z)

|

Elevation scan direction (y)

IEC
Figure 1 — Beam geometry

3.13.1
beam ¢entrepoint
position determined by the 2D centroid of a set of pulse-pressure-squared integrals
measufed over the=6 dB beam-area in a specified plane

Note 1 t¢ entryx~Methods for determining 2D centroids are described in Annex C of IEC 61828:2020.

[SOURCE{AIEC 62359:2010, 3.14]

3.13.2

external transducer aperture

part of the surface of the ultrasonic transducer or ultrasonic transducer element group
assembly that emits ultrasonic radiation into the propagation medium

Note 1 to entry: This surface is assumed to be either directly in contact with the patient or in contact with a water
or liquid path to the patient.

Note 2 to entry: The ultrasonic transducer element group is usually offset from this surface by a lens, matching
layers and possibly fluid.

[SOURCE: IEC 62127-1:2007, 3.27, modified]
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pulse-pressure-squared integral

ppsi

time integral of the square of the instantaneous acoustic pressure at a particular point in an
acoustic field integrated over the acoustic pulse waveform

Note 1 to entry: The pulse-pressure-squared integral is expressed in pascals squared second (Pazs).

Note 2 to entry: Definition adapted from 3.50 of IEC 62127-1:2007.

3.14
contra

3.14.1
contra

st detail

Lt detail detectability

minimym diameter of an object, at specified control settings and range, which

disting

lished on the display with a specified level of confidence, as a function

can be
of the

backsc¢atter contrast of the object with respect to the background, said contrast being| varied

in step

3.14.2
contra

5 over a wide range

st-detail resolution

minimym difference in echo amplitude, which can be detected/for a scattering or re

structu

Note 1t

3.15
dead z

re of specified properties, embedded in a particular tissue-mimicking material

entry: The specified properties include shape, size or speed of sound.

one

distande from the test object scanning surfaceé’to the nearest test-object target that

unequi

Note 1 t
for line
and dist|

3.15.1

vocally imaged

b entry: This concept is now rarely useful"unless the transducer is damaged. It was defined hi

Bl working limits.

proximal working limit
distande from the test objéct'scanning surface to the nearest depth at which sphericpl low-

scatte

3.15.2

ing masses can’be unequivocally detected

distal working limit
distande from-the test object scanning surface to the furthest depth at which sphericpl low-

scatte

3.16
depth

ingimasses can be unequivocally detected

lecting

can be

torically

argets lying parallel to the length of linear array elements. Dead zone has been superseded by groximal

of penetration

maximum distance from the scanning surface of tissue-mimicking material to the embedded
test object beyond which the speckle pattern echoes are no longer detectable

3.17

display curve
curve of signal level amplitude sent to the display as a function of the linear signal

3.18

linear signal
amplitude of the voltage generated across the transducer element, that is assumed, generally
correctly, to be proportional to the integrated pressure across the element face
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3.19
display frame rate
rate at which complete images are presented on the output display

3.20

display sonic contrast

display acoustic contrast

Cbs

relative difference between any pixel value in a resolved void without inclusions and the mean
pixel value over a region in the image corresponding to background material at approximately
the same depth and lateral location

Cps=/NL X Px¥ * Rp/ Rppd (1)
where
Ry is the dynamic range in dB;
RDp is the dynamic range in pixel-values;
px is the difference between main- and side-lobe maxima in pixel-values;
fNL is a correction factor for non-linear image processing; for linear imagge processing,fNL =1.

Note 1 tp entry: Display sonic contrast as treated here assumes that the'display curve is the log of the signal
pressurg amplitude and thus can be expressed in decibels by accounting/for the displayed dynamic range,|ignoring
other noplinear image processing in the system prior to the display. I{is\best to test for display sonic contrast using
an availdble display curve most closely approximating that logarithmic relationship.

Note 2 t¢ entry: See B.2.2.

3.21
displayed dynamic range
ratio, expressed in decibels, of the amplitade of the maximum echo that does not saturpte the
displaylto the minimum echo that can be-distinguished electronically from the background under
the scgnner test settings

[SOURICE: IEC 61391-1:2006,3:11, modified — Replacement of "in the display" with "from the
backgrpund"]

3.22
eIevatiEnaI resolution
transversal resolution
for twol|line-targets parallel to the scanned plane, minimum separation of two line-targets at a
specifigd depthin a test object made of tissue-mimicking material for which two distinft echo
signalg| can _be displayed

Note 1 to entry: The plane of separation between the targets should be perpendicular to the beam-alignment axis.

3.23

field-of-view

area in the scan plane that is insonated by the ultrasound beam during the acquisition of echo
data to produce one image frame

[SOURCE: IEC 61391-1:2006, 3.13, modified — Deletion of "ultrasonic" before "scan plane"]

3.24

frame rate

number of sweeps comprising the full-frame refresh rate that the ultrasonic beam makes per
second through the field-of-view

[SOURCE: IEC 61391-1:2006, 3.14]
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3.25

grey scale

range of values of image brightness, being either continuous between two extreme values or, if
discontinuous, including discrete values

[SOURCE: IEC 61391-1:2006, 3.16, modified — Replacement of "including at least three
discrete values" with "including discrete values"]

3.26

lateral resolution
azimuthal resolution
for two_line-

targetg at a specified depth in a test object made of tissue-mimicking material for wh
distinc{ echo signals can be displayed

line-
ch two

Note 1 t¢ entry: The plane of separation between the targets should be perpendicular to the beam axis.

Note 2 t¢ entry: For linear arrays the terminology is typically azimuthal resolution.

[SOURICE: IEC 61391-1:2006, 3.17, modified — Rewording of the definition, and additior| of two
Notes {o entry]

3.27
line target
filament

line reflector, whose scattering-surface dimensions ar€/so small that it cannot be distinduished
(excepg by signal amplitude) by the imaging systemfrom a similar target, whose scattering
surface is an order of magnitude smaller

Note 1 t¢ entry: Line-targets are appropriate for 2D scanning systems.

[SOURCE: IEC 61391-1:2006, 3.19, modified — Replacement of "cylindrical reflector" with "line
reflecter", and "diameter is" with "scattering-surface dimensions are". Rewording of thg whole
definitipn]

3.28
low-scjattering sphere
low-echo sphere

sphere| of material with~less backscatter than the background over the range of apglicable
frequencies

Note 1 t¢ entry: _The term "low-echo sphere" is used frequently in IEC TS 62791:2022.

3.29
M-scan
time-motion scan
class of acquisition geometry in which echo information from moving structures is acquired from
points lying along a single beam axis

Note 1 to entry: The echo information is presented using an M-mode display.

[SOURCE: IEC 61391-1:2006, 3.21]

3.30

M-mode

time-motion mode

method of presentation of M-scan information in which the motion of structures along a fixed
ultrasonic beam axis is depicted by presenting their positions on a vertical line, which moves
across a display to show the variation with time of the echo
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[SOURCE: IEC 61391-1:2006, 3.20, modified — Addition of "vertical"]

3.31

maximum depth of penetration

maximum depth in a tissue-mimicking test object of specified properties for which the ratio of
data from background scatterers to data displaying only electronic noise, both derived from the
digitized B-mode images, equals 1,4

Note 1 to entry: The phantom and noise-only images are obtained using identical system settings.

Note 2 to entry: Maximum depth of penetration is expressed in metres (m).

[SOU =2 —324% = bject”,
"digitalized B-mode image data" with "data", and "the digitized B-mode image data-displaying
only elg¢ctronic noise" with " data displaying only electronic noise, both derived from(he d|gitized
images"]

3.32
nominal frequency
uItraso’Eic frequency of operation of an ultrasonic transducer or‘dltrasonic transducer
element group quoted by the designer or manufacturer

[SOURICE: IEC 61157:2007, 3.16]

3.33
overall gain
basic Igvel of gain that is uniform for the whole scanvarea but modified by TGC relativg to the
depth ¢f the scan

Note 1 t¢ entry: Overall gain is usually expressed in'decibels (dB).

[SOURICE: IEC 61391-1:2006/AMD1:204/, 3.51, modified]

3.34
pixel vialue
integer|value of a processed sighal level or integer values of processed colour levels, provided
to the display for a given pixel

Note 1 tp entry: In a gray-scale display the pixel value is converted to a luminance by some, usually m¢notonic,
function| The set of integer values representing the gray scale runs from 0 (black) to (2 -1) (white), whefe M is a
positive [nteger, commanly called the bit depth. Thus, if M = 8, the largest pixel value in the set is 255.

3.35
point target
point refleetor, whose scattering surface dimensions are so small that it cannot be distinduished
(except by signal amplitude) by the imaging system from a similar target, whose scattering
surface is an order of magnitude smaller

Note 1 to entry: Point targets are appropriate for 3D scanning systems.

Note 2 to entry: The backscatter cross section of a standard point target should be a simple function of frequency
over the range of frequencies studied.

[SOURCE: IEC 61391-1:2006, 3.24, modified — Moving "The backscatter cross section of a
standard point target should be a simple function of frequency over the range of frequencies
studied." to a Note to entry]
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3.36

position recording error

display error

distance between the centre of the image of a target in an image of a test object and the test
object’'s correct position, as defined by the positions of the remaining targets or of a single
reference target

3.37

quality assurance

QA

simple periodic testing to verify the stability of an imaging system’s elementary performance

Note 1 t¢ entry: This term is distinguished from performance evaluation, which is more rigorous testingsof [absolute
performgnce, typically performed by more skilled personnel for purposes such as acceptance testing(

3.38
real-time B-scan
class df data acquisition and presentation in which B-scans are automatically and repgtitively
performed at display frame rates

Note 1 t¢ entry: Display frame rates are typically greater than five per second,

3.39

scan line

for aut}jmatic scanning systems, the beam-alignment axis either for a particular ultrpsonic
transducer element or for a single or multiple excitatioh, of an ultrasonic transducer qr of an
ultrasgnic transducer element group

3.40
scan pllane
acquirgd image plane containing the acoustic scan lines

[SOURCE: IEC 61391-2:2010, 3.30]

3.41
slice thickness
thickngss, perpendicular to.the scan plane and at a stated depth in the test object, |of that
region pof the test objectfrom which acoustic information is displayed

[SOURICE: IEC 61391:1:2006, 3.29, modified — Deletion of "ultrasonic" before "scan plane"]

3.42
speckle pattern
image pattern or texture produced by the interference of echoes from the scattering cerrtres in

tissue-mimicking materiat

[SOURCE: IEC 61391-1:2006, 3.30, modified — Deletion of "tissue or" before "tissue-
mimicking material"]

3.43
target
ultrasound-reflecting object in a phantom

Note 1 to entry: Usually a line target or, for 3D imaging systems, possibly a point target.

3.44

test object

device containing one or more groups of target configurations embedded in a tissue-
mimicking material or another medium
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[SOURCE: IEC 61391-1:2006, 3.33, modified — Replacement of "object" with "target"]

3.45

test-object scanning surface

surface on a test object, recommended for ultrasonic transducer location during a test
procedure

[SOURCE: IEC 61391-1:2006, 3.34, modified — Replacement of "on the tissue-mimicking test
object" with "on a test object"; addition of "ultrasonic"]

3.46

time-gpincompensation
TGC
changq in amplifier gain with time, introduced to compensate for loss in echo amplituge with
increading depth due to attenuation in tissue

[SOURICE: IEC 61391-1:2006, 3.35]

3.47
tissueimimicking material
TMM
materigl in which the propagation velocity (speed of sound), rfeflection, scattering, dendity and
other pfroperties of interest are similar to those of the tissues ‘of interest for the main application
for which the ultrasound system is intended and in the frequency range specified

Note 1 t¢ entry: The values of the above properties are usually\specified and guaranteed by the manufactprer.

[SOURICE: IEC 61391-1:2006, 3.36 modified — Replacement of the end of the definitign "and
attenugting properties are similar to those of $oft tissue for ultrasound in the frequency range
0,5 MHz to 15 MHz"]

3.48
transnjitted ultrasound field
three-dimensional distribution eflultrasound pressure wave emanating from the ultrpsonic
transducer

[SOURICE: IEC 61391-1:2006, 3.37, modified — Replacement of "energy" with "pressure|wave"]

3.49
ultrasgnic beam<axis
line fitted to points of maximum temporal-average intensity measured at increasing didtances
in the dqirection of propagation of a transmitted ultrasound field

3.50
ultrasonic transducer

device capable of converting electrical energy to mechanical energy within the ultrasonic
frequency range and, reciprocally, of converting mechanical energy to electrical energy

Note 1 to entry: For the purposes of this document, ultrasonic transducer refers to a complete assembly that
includes the transducer element or elements, mechanical and electrical damping and acoustic matching provisions.

[SOURCE: IEC 61391-1:2006, 3.39, modified — Replacement of "and/or" with "and"]

3.51

ultrasonic transducer element group

group of elements of an ultrasonic transducer, which are connected together in order to
produce or receive a single acoustic pulse
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Note 1 to entry: The connection of elements is intended to allow the distribution of the excitation pulse to separate
elements of the group with particular elaboration (e.g. delay and/or amplification). The same conditions are valid for
summed signals in receiving mode of the element group operation.

[SOURCE: IEC 61391-1:2006, 3.40 modified — Replacement of "excited" with "connected",
addition of a Note to entry]

3.52

ultrasound

acoustic oscillation whose frequency is above the high-frequency limit of audible sound for
humans (about 20 kHz)

[SOUR

3.53
void-d
VDR
for a void in a specified material of homogeneous acoustic properties, a number characferizing
the visipility of an image area corresponding to a void of defined diameter Surrounded by tissue-
mimicking material in the test object

tectability ratio

Note 1 t¢ entry: For a given C-plane, this number is the mean pixel value of the background minus that in fhe void,
divided By the standard deviation of mean pixel values for numerous (n), separdte areas of background eqyal to the
void areg and lying in the vicinity of the void. Ideally, pixel values would be converted to dB or transformgd with a
gray-scdle curve (signal as a function of acoustic pressure) that is purely Iogarithmic.

[SOURICE: IEC TS 62558:2011, 3.21, modified — Addition of "for a void in a specified material
of hompgeneous acoustic properties"; replacement of\"phantom" with "test object"; del¢tion of
the eqyation and addition of a Note to entry]

3.53.1
detect?
VDR;

1
value df VDR for a single voxel

bility ratio for a single voxel

Note 1 t¢ entry: For more details see 3*21.1 of IEC TS 62558:2011.

3.53.2
maximum VDR within a void
VDR,

maximym value of %“DR within a void

Note 1 t¢ entryx—FEor more details see 3.21.2 of IEC TS 62558:2011.

3.54
water contentratio
WCR

in a C-plane image the ratio of the number of voxels with VDR;-values above the detection limit

divided by the total number of voxels, for all voxels equidistant from/to the emitting/receiving
transducer surface

Note 1 to entry: VDR; is the value of VDR for a single voxel (see 3.21.1 of IEC TS 62558:2011).

Note 2 to entry: The term and symbol WCR refer to the apparent water content of the set of images at a given depth
(an area ratio) e.g. the C-plane for adjacent images, not the water content of the phantom (a volume ratio).

4 Environmental conditions

The tests should be performed within the following ambient conditions:
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e temperature: 23°C +2°C;
e relative humidity: 45 % to 75 %;

e atmospheric pressure: 86 kPa to 106 kPa.
5 Recommended equipment

To carry out all the test procedures, the following items are recommended:

a) a hydrophone (see 6.1.2);
b) an oscilloscope (6.1.3);

c) a spectrum analyser or ability to Fourier-transform recorded waveforms (6.1.4);

d) a pulse generator for the injection of acoustic pulses into the system’s™“Htrpasonic
transducer (6.1.5);

e) a tipsue-mimicking test object (6.1.6);

f) a tgnk containing degassed water (6.1.7);

g) athermometer (0,5 °C accuracy) for water temperature measurement;

h) a h|gh and/or low reflective target (reflector) (6.1.8);

i) a target holder and/or positioning system (6.1.9);

j) acpmputing system to run computer-assisted evaluation‘software (6.1.10);
k) soffware for evaluation of particular parameters (6.1511).

Suitable specifications of these devices are given, in.Clause 6.

6 Test methods

6.1 Instruments
6.1.1 General

The inlstruments have been(sgelected to permit testing of real-time ultrasonic scanners,
performing as in clinical usage or set to obtain optimal measuring conditions for a paticular
measufed parameter andxwith the exception of 6.1.5, without needing electronic signals to be
input tg the complete scanner system [3].

NOTE |EC technical’reports can contain recommendations but not requirements; however, readers are wafned that
tests sometimes domot work satisfactorily, if equipment and procedures other than those recommended ar¢ used.

6.1.2 Hydrophones

A hydrep = h-a-p C ont-ofless-ths 3 -\ 3 quency
response (3 dB) in the whole measured frequency range is recommended. A second
hydrophone can be used to trigger an oscilloscope, if the ultrasonic pulses (in a scanning beam
that cannot be stopped) are to be detected for examination by the first hydrophone.

NOTE Additional information on the use of hydrophones is available in IEC 62127-2.
6.1.3 Oscilloscope or other transient recorder

An oscilloscope of a suitable frequency bandwidth and minimum sensitivity of 5 mV/div is
recommended. The suitable frequency range is determined by the maximum ultrasound
frequency to be measured. The frequency range should be more than double the maximum
frequency to be measured according to the Nyquist criterion. The transient recorder (DSO)
should have a minimum resolution of 10 bit; better is 12 bit.
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6.1.4 Spectrum analyzer

A spectrum analyzer of a suitable frequency bandwidth and dynamic range of at least 60 dB is
recommended. The suitable frequency range is determined by the maximum ultrasound
frequency to be measured. The frequency range should be more than double the maximum
frequency to be measured according to the Nyquist criterion. The ability to Fourier-transform
recorded waveforms is recommended.

6.1.5 Pulse generator

A pulse generator and ultrasonic transducer of acoustic working frequency similar to that
of the scanning system’s ultrasonic transducer under test are recommended. This generator
allows njectt ' | sonic
transducer.

6.1.6 Tissue-mimicking test objects

Tissueimimicking test objects are recommended, which contain structures that allpw the
foIIowirLg equipment features to be measured:

a) axifl resolution, lateral resolution, elevational resolution, contrast-detail resolution;

b) lowpscattering spherical mass detectability or cylindrical void.detectability;

c) display sonic contrast

d) degd zone or, better, proximal and distal working limit;
e) scaln slice thickness;

f) depth of penetration;

g) displayed dynamic range;

h) display error or position recording error;

i) megasurement system accuracy;

j) M-mode calibration;

k) begm shape

I) Uniformity degradation.

Measufement proceduresare described in 6.3.
Examples of suitable\tissue-mimicking test objects are given in Annex A.

6.1.7 Tank.and degassed water

A tank pfdegassed water is recommended for the hydrophone measurements (see 6.3.2) and/or
scanning~af high/low reflective targets  The inner walls of the tank should he equippéd with
slabs of material suitable for absorbing incident ultrasound at the acoustic working
frequency and preventing significant reflection, to avoid interference with the signals essential
for measurements in progress.

6.1.8 High or low reflective target

A reflector of a proper material, size and shape should be placed into the tank, to be imaged
by the measured scanner.

6.1.9 Target holder and/or positioning system

A mechanism should be provided to keep the target in the desired place or to move it on a
specified trajectory in the tank.
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6.1.10 Computing system to run computer-assisted evaluation software

A computing system should be provided that is suitable for inputting digital- and/or analog-
image-signal elaboration and fulfilling technical specifications compatible with the evaluating
software.

6.1.11 Software to evaluate quality parameters

Manufacturers should provide software that is designed to analyse the digital or digitalised
output of image information by the scanner being measured, as necessary to evaluate quality
parameters.

6.2 Test settings
6.2.1 General

The many combinations of scanner settings and ultrasonic transducers make it impossgible to
carry opt tests for all of them. Tests are therefore carried out for specified settings, and for each
ultrasgnic transducer. The specified settings should be similar to the settings employed in the
clinicall examinations for which the ultrasonic transducer is most cemmonly used or|should
set the|tested scanner to conditions needed for a particular test. Simulation of an examination,
where fdeep penetration is the goal, is usually desirable. The scanner should be set usjing the
procedures outlined below, which are similar to those that would\be used to optimise sdanning
conditipns for average soft-tissue structures. The focusing of‘the ultrasonic beam shquld be
extendpd over as large a range as possible, to achieve 4¢he best average resolution ¢ver all
visible | targets. The soft tissue-mimicking test object (see Figure A.1, Figure A[2 and
Figure ]A.3) should be used for the procedures of 6.3.2'%0 6.3.5. Initially, the test object|should
be imapged using scanner settings typical for imaging tissue.

The highly reflective targets should entail different combinations of settings compared to the
soft tafgets or tissue-mimicking materials:*The basic rule for the setting is using the [largest
dynami|c range (lowest contrast) and combination of transmitted power and overall gain to
avoid signal-amplitude limitation. Detailed settings of all the scanner’s parameter dettings
should|correspond with the particularitype of parameter(s) being measured. The use of highly
reflective targets results in morecaccurate and reproducible parameters, although sonjpgraph
settingp can differ from ones used for medical imaging.

6.2.2 Display settingsi(focus, brilliance, contrast)

The fo¢us should be made sharp and the brilliance and contrast controls turned to their|lowest
positions. The brilliance should then be increased until the echo-free zone at the sidg of the
image pecomes~the minimum perceptible shade of grey. The contrast control should then be
increaged to.make the image contain the maximum range of grey shades possible. Th¢ focus
should|thef pe checked for sharpness and, if it should have further adjustment, thel whole
procedl.lre should be repeated.

6.2.3 Sensitivity settings (frequency, suppression, output power, overall gain, TGC,
automatic TGC)

6.2.3.1 Settings for lowly reflective targets

a) Ifthere is a suppression or reject control, it should be adjusted to allow the smallest possible
signals to be displayed.

b) Maximum overall gain and transmitted power should be used for measurement of maximum
penetration. Then the gain should be decreased, if electronic noise obscures echo signals
or either gain or power should be decreased to avoid saturation of the received signal to
assure best results of the spatial resolution measurement.

c) The near gain level of the time-gain compensation (TGC) controls should be altered to
display the echo signals in the first 1 cm or 2 cm range of the test object as a mid-grey
shade.


https://iecnorm.com/api/?name=0d38e4e528bd7ddf5a68cf3724a325e9

- 22 - IEC TR 61390:2022 © IEC 2022

d) The slope of the TGC controls should be adjusted to set the signals from intermediate range
to a mid-grey shade.

e) The nominal frequency of the scanner’s ultrasonic transducer and all the pre- and post-
processing functions of the scanner, adjusted for the measurement, should be noted.
6.2.3.2 Settings for highly reflective targets

a) Use of largest dynamic range of the scanner’s amplifier is important to avoid amplitude-
signal limitation, as well as low output power and suitable overall gain and TGC adjustment.

b) All pre- and post-process parameters should be set according to required conditions of the
measurement. In most cases the non-linear operations should be eliminated to obtain raw
data.

c) Thg nominal frequency of the scanner’s ultrasonic transducer and all the pre-@nd post-
processing functions of the scanner, adjusted for the measurement, should be [noted, as
well as the identification data of the measured scanner and transducer.

6.2.4 Final optimisation

A final pptimisation of the image can be carried out by a small change in the suppression level,
overal| gain or output power. When automatic gain control (AGC) is¥anh option in a s¢anner,
tests should be carried out in this mode of operation. The test object should be imaggd with
AGC, the image being optimised using any control that still functions’manually, e.g., the pverall
gain orf output power.

6.2.5 Recording system

A record of the final image should be made for comparison at a later date. Images are psually
recorded digitally within the system for transfer<te a PACs system or as a digital [file for
incorpqration in the exam report and patient filets Digitally stored images give the best|results
to reproduce all the details and parameters®recorded together with the picture. If ppssible
DICOM storage of the images is recommengded as it allows a unified comparison of data without
the prgblem of unknown video-output curves or the storage-system's influence showing in the
results| For all 3D-evaluations (and statistical evaluation of data), it is necessary to stofe a set
of images or a video-sequence. For later evaluation, the most important precaution is tp avoid
any logsy compression in the storage process.

For sygtems with an integrated monitor, no image output and no internal screen capturg, it can
be necessary to use external cameras to evaluate the system. Any camera systems used|should
allow tdirning off automated gain settings and providing linear presentation of brightness.|Ideally
the resjplution of thencamera system should be high enough to resolve the pixels in the [image.
The advantage of ‘Using cameras for image storage is that the interface to the evgluation
software is completely independent of the ultrasound system’s image output options. Hqwever,
camergd adjustment and settings become necessary for every system tested. Wher| using
camergs to.evaluate the screen image, great care should be given to avoid monitor reflections
that influente the test results.

In cases without built-in digital image recording, where the monitor is connected to the system
via a cable and a standard video interface plug, it is possible to use video digitizers. In the case
of digital monitors, frame-grabbers might possibly be used. Some of the same cautions as with

photography apply.
6.3 Tested quantities / parameters and procedures

6.3.1 General

Techniques are described, in this document, which can be used for measuring the following
scanner parameters:

e acoustic working-frequency bandwidth (6.3.2);
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e axial resolution (6.3.3.2),lateral resolution (6.3.3.3), elevational resolution (6.3.3.4),
temporal resolution (6.3.3.5) and contrast-detail resolution (6.3.4);

o low-scattering spherical mass or cylindrical void (6.3.5);
e display sonic contrast (6.3.5.5)

e proximal and distal working limits or dead zone (6.3.6);
e slice thickness (6.3.7);

o depth of penetration (6.3.8);

o displayed dynamic range (6.3.9);

o display error or position recording error (6.3.10):

e megasurement system accuracy (6.3.11);

e M-mode calibration (6.3.12);

e bedm shape (6.3.13);

e dedd element (6.3.14);

e dynamic focus(foci) position(s) in azimuthal and elevational planes {A.3.9);

e side-lobes level and direction in azimuthal and elevational scanning planes (Annex f);

e techniques for measuring other parameters of interest\€dn be found in refdrenced
pullications, e.g.:

— [|linearity of the image geometry with regard to area{6];
— |uniformity of sensitivity in IEC TS62558:2011 and IEC TS 62736:2016.

A calibrated transmit-power or receiver-amplification control is recommended in somg of the
following tests. If the scanner controls are uncalibrated, they should be calibrated, using a step
test ohject containing surfaces of known relative reflectivity (Figure A.1).

6.3.2 Acoustic working-frequency bandwidth

The acjoustic-working-frequency.bandwidth of a scanner’s transmitted ultrasound field is
a paraimeter of great significance.to its performance, since it is related to the spatial reqolution
in the |mage and to the rate ‘of attenuation of the beam in its passage through tissug. This
acousiic-working-frequency-bandwidth can be measured by detecting with a hydroph¢ne the
transmjtted ultrasonic putse’in the focal region in degassed water and then analysing thg signal
with a gpectrum analyzer’or by Fourier transformation of the recorded waveform. Care|should
be taken to ensurewthat the pulse waveform is not distorted by electronic factors such as
capacifive loading)of the signal or reflections in the cable. Where necessary, a driver anplifier
should|be connected between the hydrophone and the analyzer. The transmitted irjtensity
should| be tow enough to avoid pulse distortion due to non-linear propagation (see
IEC 62[127-172007). If this is not possible, the distance between the ultrasonic transdug¢er and
hydrophoene in water should be recorded.

6.3.3 Resolution
6.3.3.1 General

The approaches to determining the spatial resolutions are considered to be compatible with the
commonly employed clinical practice of optimising the resolution in localised regions of the
image or over the whole image, using controls to adjust the transmitted power, the overall gain
together with the TGC and dynamic focusing at several depths. They are also reasonably
compatible with the use of controls that can only influence resolution of large areas of the image.
If automatic gain control is an option, the resolution should be obtained at a range of depths
through the field-of-view using this option.
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6.3.3.2 Axial resolution

Two line targets are resolved in the axial direction in a B-mode display when two separate
echoes can be distinguished along the direction parallel to the axis of the scanning beam. A
method for measuring axial resolution involves noting the minimum separation for the distinct
imaging of two line targets in a material of low backscatter cross-section. A suitable test object
comprises two reflecting line targets (or filaments) placed at a small angle to each other as
shown in Figure A.2. This measurement should be carried out at the threshold detection
sensitivity and also at 10 dB and 20 dB higher levels.

The axial resolution measurement should be repeated at a few depths throughout the depth
of penetration achievable for the ultrasonic transducer assembly being used.

A recofding should be taken of the image of the line targets situated at the middle of the|typical
depth pf penetration for the ultrasonic transducer assembly being assessed.(Other [factors
that cap affect the value of the resolution are the image processing options of the'scan copverter
or focusing, for examples. The procedure is repeated for each ultrasonic-fransducen of the
scanngr. The final output of this test procedure should be a table of axiakresolution|versus
depth. A list of all other factors influencing the operation of the scanner,should accompgny this
table, e.g., ultrasonic transducer type, nominal frequency, sensitivity control settings,
focusing, image processing option. These data should be recorded in sufficient detail tp allow
the tes} to be repeated exactly at a later date by another operator,

The 30 grey scale map provided for the 3D-thread phantom (see Figure A.12 and Figurg A.16)
will allgw evaluation of the axial resolution at the position*of any of the threads.

The P§F-mapping method referenced in [3] and [6]. offers the axial resolution as a parameter
in a PYF-map. This parameter is derived from the frontal edge of the PSF at the beam Jaxis in
the dirpction toward the transducer and can{be mapped over the whole scanned 4rea or
measufed at a few points of interest.

6.3.3.3 Lateral resolution

Two tafrgets are resolved in the lateral (also termed azimuthal) direction in a B-mode fisplay
when tyvo separate echoes cap-be observed in a direction perpendicular to the scanning beam
axis and in the scan plane. In"practice, the lateral resolution can be taken to be equal to the
lateral fength of the displayed spot size from a single target. This length should be measured
betwedn the points at which the signal level is just discernible above the background level.
Additional measuremeénts should also be made for sensitivity levels 10 dB and 20 dB abgve the
detectipn threshold.\The lateral resolution should be determined using a test objec{ of the
design|shown in‘Figure A.3. The line targets (or filaments) are scanned with the ultrpsonic
transducer assembly on the top surface. A record should be taken of the image of the set of
line targets situated at the middle of the typical working range for the ultrasonic transducer
assembly_being used. Other factors that can affect the value of the resolution should also be
noted, lfor" example the image processing aoptions of the scan converter or focusing. The
procedure should be repeated for each other ultrasonic transducer of the scanner. Sufficient
data should be recorded to allow another operator to repeat the test at a later date.

Another form of the lateral resolution evaluation can be determined from the point-spread-
function (PSF) distribution over the scanned area by computing the full-width at half-maximum
(FWHM) and full width at 1/10 maximum of PSF values recorded in the azimuthal plane as a
lateral resolution in a PSF-map [3] [6].

The same can be done using the line-spread-function (LSF) of the 3D-thread phantom (see
Figure A.12 and Figure A.13)

6.3.3.4 Elevational resolution

Resolution in elevational directions can be approximated as the FWHM of a set of maximum
amplitudes of received signals reflected by a point reflector, according to the point-reflector’s
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vertical position at the measured point of the image. The reflector passes through the scanning
plane perpendicularly; the set of data forms a point-spread-function profile from which the
distance between the reflector positions generating half of the maximum reflected amplitude
and the shape of the side-lobes (if any) can be computed. This process can also be used to
estimate a scan-thickness value at any point of the scanning area [4] (see 6.3.7).

The same evaluation can be performed by using the 3D-grayscale data derived from the line-
spread-function the LSF of the 3D thread-phantom (see Figure A.12 and Figure A.13).

6.3.3.5 Temporal resolution

Temporal resolution is an important parameter in clinical applications when imaging moving
organs| and structures. The temporal resolution of M-, 2D-B- and 4D-B-modes shquld be
estimated using a moving reflector in a measuring tank. The temporal resolutioh|cquld be
derived from the cine-loop in the measured sonographic unit. The temporal‘resoldtion is
determined by the ultrasound scanner’s frame rate, output-display frame, -rate and by
functiophs of the noise reduction technique.

6.3.4 Contrast-detail resolution

The capability of a scanner to detect a mass (target) is known to"depend on the contrast and
size of| the mass. An evaluation of target detectability as a fdnction of size and confrast is
known [as the contrast detail or contrast-detail detectability test. Contrast-detail analysis
allows the evaluation of an ultrasound scanner in terms_of the minimum detectable digmeter
of a disc-shaped target as a function of the contrast of the target to the surrounding background
tissueimimicking material. The minimum detectable/diameter of a disc of known contrast
should|be the minimum resolution of the scanner at:that contrast.

One fofm of the contrast-detail test object consists of a matrix of tissue-mimicking material,
with a [row of embedded conical targets [5] [6] (see Figure A.5). Each cone has a djfferent
backs¢atter contrast with respect to the,background material. The axes of the corles are
paralle|] to each other and perpendicular*to the scan plane. For an ultrasonic transducer
positioned on the test-object scanning surface with the scan plane parallel to the front face
of the test object, each cone appeéars essentially as a cylinder with its axis perpendiqular to
this pldne, and its tomographic.ilmage appears as a disc, whose diameter varies fromp 0 mm
to 20 mm, over a length of 10 em, depending on which cross-section of the cone is image¢d. The
contrapt detail measurement should be carried out with the sensitivity and display conjtrols in
calibrajed positions. A contrast-detail resolution curve should be obtained by plotting|target
contragt versus threshold"detection diameter. This curve is specific for a particular scanner, the
ultrasgnic transdutcer used for the test, and the depth of the object.

6.3.5 Non-orminimally-scattering region detectability

6.3.5.1 Volume distribution of low-scattering spheres or cylindrical voids

A qualitative test, which can contribute to the assessment of performance of a clinical scanner,
is one which demonstrates the ability of the scanner to image non-scattering spheres
embedded in a background of scattering material (see Figure A.6).

The material of the low echo spheres or cylinders should be the same as that of the scattering
material with the scattering centres removed or replaced with a lower density of scatterers. The
targets should be imaged with the sensitivity and display controls in calibrated positions. The
spheres should be located at all depths over the working range of each ultrasonic transducer
assembly. The minimum size of target that can be detected at each depth should be tabulated
if there are multiple target sizes. The overall combined effect of many factors will be
demonstrated. On smaller targets, the effects of the main lobe of the beam on azimuthal
(lateral) and elevational resolution are seen and, in the case of spherical targets, the effects
of axial resolution. On larger targets, detectability is determined more by side- and grating-
lobes and other signal clutter [7] from the beam formation and multiple scattering.
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6.3.5.2 Randomly positioned, embedded low-echo spheres

A sophisticated but increasingly fast and inexpensive means for testing the imaging
performance of an ultrasound pulse-echo scanner is to quantify the degree to which and depth
ranges over which small, low-echo spheres are distinguished from the surrounding soft tissue,
as described in IEC TS 62791:2015. It is reasonable to assume that the smaller the low-echo
sphere that can be detected at some position, the better the resolution of the scanner, i.e., the
better it will allow detection of an abnormal object, such as a tumour and delineate its boundary.

There are three components of spatial resolution defined in pulse-echo ultrasound (see 6.3.3),
viz, axial resolution (parallel to the local pulse propagation direction), lateral resolution
(perpendicular to the local pulse propagation direction and parallel to the scan plane), and
elevational resolution (perpendicular to the local pulse propagation direction and als&Eo the

scan plane). Thus, all three components ideally are given equal weight in irmeésuring
detectgbility. Axial resolution usually — but not always — is better than azimuthfal and
elevational resolutions. A sphere has no preferred orientation and is the best/for g single
target shape; all three components of resolution are then weighted equally_itrespectivg of the
beam’q incident direction. Further, the incident beam’s propagation ndirection wifl vary
considgrably in the case of convex and phased arrays and with modern compoundirlg (see
IEC 62[791:2015, Figure A.7). Tests with spheres of a uniform size andknown contrastjtell the
user tHat spherical masses of that size and contrast can be seen, with the contragt- and
proximpl and distal detectability limits as displayed on a curye“of measured contrast as a
functioph of depth. In the body, a user is rarely trying to delineate Cylindrical objects lying along
the axis of the beam.

6.3.5.3 Quasi-spherical voids in foam

devoid|of acoustic scatterers and with a randomdistribution of size, position and shapg of the
individlial pores. Saline water with adjusted concentration of saline can be used to ensyre that
the spged of sound is (1 540 = 10) ms-' at 20 °C. Pores with diameters below the reqolution
limit oflan ultrasound system will be intefpreted as tissue. Pores with sizes resolved|by the
scanngr and thus “visible” will be seen.as quasi-spherical voids. In an optical image (Fipure 2)
spatial|uniformity of void distribution-is seen as reasonably high. Most of the voids|in this
selectgd image are quasi-sphericals"While exceptions abound, as long as they are statistically
well digtributed, they should net disturb this evaluation, which is purely based on the statistical
distribdtion of gray levels at a given distance from the transducer [8].

Randolw quasi-spherical void phantoms can use foams saturated with degassed saline qolution

Figure 2 — Reticulated foam with random voids

Independence of scanning geometry and scanner orientation and a simultaneous evaluation for
a complete range of void sizes by using statistical methods is the great advantage of the
random-void approach. It would be helpful, if the statistics of a standardized foam were
measured and reported.

Besides selecting the foam and the concentration of the saline solution to obtain body-
equivalence for sound velocity, absorption and backscatter, the foam is chosen so that the
diameters of the largest voids do not greatly exceed the lowest resolution of interest. This
results in a higher percentage of smaller voids in the phantom, thus improving the statistical
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evaluation. Size, position and even shape of the individual pores may be random, although the
statistical distribution in an adequately large region will nevertheless allow generating
information characterising the visibility of small voids.

Void-detection capability can be assessed using random-void phantoms and calculating the
percentage of void-area in an image in relation to the total area of a region of interest for a
given distance from the transducer. This factor is equivalent to water content ratio (WCR).
The better the resolution the greater is the number of visible voids, resulting in a higher
percentage of voxels being identified as part of the water-filled voids (hence WCR). Evaluating
this number for individual surfaces equidistant from the transducer (i.e. C-planes for linear
arrays and cylindrical surfaces for curved and phased arrays) allows the creation of depth-
dependent information.

The signal from a foam pore or void appears in an ultrasound image as a dark area-(qr spot)
with grpy-level corresponding to the noise level. The amplitude of this signal dépends|on the
void size and spatial resolution. The signal amplitude from the void is also influenced| by the
noise ffom side- and grating- lobes and other acoustic clutter, which increases this amplitude.
The echt appears in an ultrasound image as reduced image contrast. Veid\‘contrast” dgpends
upon r¢solution in a given depth and upon side-lobes noise, if any exists.

With a [void phantom it is not possible to distinguish directly from a yoid’s image the reason for
contragt reduction — reduced resolution or side-lobes noise. Sidelobes, if they exist, can pppear
in all directions from a transducer. From this point of view~the uniformity test for arrays is
necessary but not sufficient.

The relevant information for the clinician is the void visibility, represented by the void-detection
ratio (3ee 6.3.5.4 and IEC TS62558) and the minimmum size of void that is still detectable.

A test procedure for a phantom using random=void foam is described in Clause B.1.

6.3.5.4 Cylindrical voids

A design described in IEC TS 62558:2011 and shown in Figure A.8 and Figure A.9 useg sliced
tissueimimicking material (TMM) arranged as alternating "cyst-slices" and "attenjuation-
slices"| It allows measurement along all three axes of the ultrasonic beam (axial, azimuthal and
elevatipnal) to determine the void-detectability ratio and its dependence on the depth in the
generated image from a tfansducer. The basis of the design concept and measurement npethod,
originated by J.Satrapa-but not published, is anechoic, artificial cysts, representing e.g.
idealizéd pancreatic,ducts in the human body, and the measurement of the void-detectability
ratio irlside the images of these artificial cysts. The images of the artificial cysts should pppear
anechdic, except for debris floating in the water. The measurement of void-detectability ratio
quantiffes thexdiagnostic ultrasound system’s ability to properly represent these qbjects.
Increa<ed artefactual signals appearing within images of these artificial cysts indicate a

receive characteristics. Any increase |n these artefactual 3|gnals can be caused e.g. by grating-
and side-lobes and other acoustic clutter that can be increased due, for example, to partial or
total depolarisation of elements, delamination between transducer elements and lens, dropping
the transducer or corrosion. The advantage of the cylindrical voids arranged in defined layers
is shown best with linear transducers. Having several adjacent C-planes providing identical void
diameters allows combination of these layers to improve the statistical evaluation of the voids
— which is inherently necessary due to the noisy speckle character of ultrasound images and
the limited range of angles at which the voids can be optimally imaged to obtain better statistics.

6.3.5.5 Display sonic contrast

Possible advantages of foam- and cylindrical-void phantoms are the reflecting properties of
water-filled voids. Very large water- or saline-filled voids arguably reflect 60 dB less than the
foam material used in [8]. This is not achievable in typical gel-based phantoms. A probe having
side- and grating-lobes entails reduced "contrast* of large voids. For probes with very small
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levels of side-lobes, only grating-lobes and other acoustic clutter are evident in large voids at
a level theoretically as much as 40 dB less than in the sponge material [8].

The quality of probes of identical design can differ because of defects from their manufacture,
use or repair. It is important to differentiate differences in design properties from quality within
the design. High-quality probes produce images of a random-void phantom (RVP) with large
display sonic contrast.

6.3.6 Dead zone and proximal and distal working limits

The dead zone was defined when ring-down of the transducer or recovery of the receiver
electronics from the transmit pulse obscured display of objects close to the
transdycer. Proximal and distal working limits are recommended instead. Anothercause of
a proximal dead zone is poor sensitivity due to poor resolution. This last type of sensitivjty loss
near the transducer is not fully tested with line targets lying parallel to the length@©flinear array
elements. It is a good test for line targets lying in that orientation within the(body, bdit does
not reveal the dead zone for imaging point targets or resolving other targetswith grad|ents in
the elejational direction in the body. To avoid confusion with the older definitions of deajd zone
the concepts proximal and distal working limits are recommended. ~Key targets of ijnaging
concerp for rapid interpretation without requiring 3D imaging are.§pherical low-scattering
massefs of appropriate size and spatial density, and random distribution. These targefts also
can be|quasi-spherical over a wide range of sizes, as in a spofige, for low cost but with less
ability fo standardize or interpret clinically. To obtain precise.and reproducible proximal and
distal working limits, multiple slices should be analyzed guantitatively; viewing of multiple
slices |n a cine loop at ~5 frames/s should give reasonpably reproducible visual limits| Most
efficierlt quantitative analysis algorithms require scanninhg’at uniform speed.

The delad zone has been determined historically by.'scanning the array of line targets fjom the
top of the test object shown in Figure A.3. An“estimate of the dead zone was obtained by
noting the most superficial line target that could be resolved from the transmission pulse|signal.
The digtance from the top surface to that/dine target was then noted. With a linear array, this
procedure should be carried out in one scan; with a sector scanner, each line target should be
examirled in turn by locating it at the Centre of the field-of-view. A hard copy or digital|record
of the image of the line target justjoutside the dead zone is recommended for a record of the
test. Ploint targets can also be-used with true 3D scanning when point-like targets are ¢f more
clinicalfinterest.

6.3.7 Slice thickness

The sl|jce thickness should be determined by scanning the thin sheet of scattering fargets
shown fin Figure A.4-19]. The maximum displayed range should be considered as being fivided
into five consecutive equal-sized sections. The scan plane should be placed to intersect the
sheet gf targets along a line parallel to the test-object scanning surface and should also be
perpendicular to the test-object scanning surface as shown in Figure A.4. To measyre the
slice thickness in the middle of the first section, the line of intersection of the scan planhe and
the target sheet should be arranged at that depth. The thickness of the image of the sheet of
targets should be measured and the slice thickness calculated at the centre of this first section.
The procedure should be repeated for the four other sections. The slice thickness at each
depth should be measured with the sensitivity and display controls in calibrated positions.

A different expression of the slice thickness in any point of the scanned area can be
determined from the PSF distribution over the scanned area by computing the 10 dB decrease
of PSF maximum-level values recorded in the elevational plane IEC 61391-1:2006.

6.3.8 Depth of penetration

With the scanner sensitivity set up as described earlier (see 6.2), the soft tissue-mimicking test
object (see Figure A.1) should be scanned through the test-object scanning surface, so that
the ultrasound passes through scattering tissue-mimicking material. The maximum depth
of penetration should be the depth at which the speckle pattern of echoes is no longer
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detectable in the image. If electronic noise appears in the image at depths less than that at
which the speckle pattern is not detected, the maximum depth of penetration should be
taken to be the depth at which the image of the scattering region cannot be distinguished from
the electronic noise.

6.3.9 Displayed dynamic range

To determine the displayed dynamic range of the scanner, the steps in the soft tissue-
mimicking test object (see Figure A.1) should be scanned, using the sensitivity set up
described in 6.2. Scanned through the low attenuation material, the step should be noted, at
which the echoes are just saturated in the image. At the same depth as this step, the position
in the scattering material where the echoes are just detectable should also be noted and the
numbe}yot high atienuation steps through which the beam passed to reach this position.cdunted.

Using the known attenuation difference per step between the low- and high attenuation mfaterial,
the digplayed dynamic range should be calculated. It should be noted thatthe agcuracy
obtaingd with this technique is limited by the attenuation per step in the test object and on the
dynamic range of the scattering material but it is a practical technique. To réduce errof in this
measufement due to beam focusing, the focus should be arranged to be af the greatesf depth
possible. With a sector scanner, the ultrasonic transducer should be moved laterally tp place
the central line of the field-of-view perpendicular to the steps at whith-the just-saturated and
just-defectable echoes are determined. The focusing of the ultrasonic beam should be extended
over as large a range as possible, i.e. to achieve the best average resolution over all|visible
targets.

For greater accuracy, the acoustic-injection technique~[10] should be used, whergby the
transmjtted ultrasonic pulse is detected by an independent ultrasonic transducer that|is then
excited to emit a series of ultrasonic pulses. This series of pulses should be detected|by the
scanning ultrasonic transducer and presented ‘on’ the display screen [10]. The size| of the
ultrasopic pulses detected by the scanning ultrasonic transducer can be altered |by the
excitatfon circuitry of the independent ultrasonic transducer. The displayed dynamic|range,
which ¢overs the range of signal size fromithose just saturated to those just detectablle, can
therefore be measured.

6.3.10 | Display error or position(recording error

A two-dlimensional regular array)of line targets in the test object shown in Figure A.3|should
be scapned so that their echoes are present throughout the field-of-view. The coupling agent
should|have a velocity of seund of (1 535 +15) m s-1 to avoid beam deviation due to refiaction.
Line targets located horizontally and vertically from the centre throughout the field-gf-view
should[be selected. {he'distance of each line target from the centre of the field-of-view|should
be mepsured on~a>film or other hardcopy image. The percentage errors should then be
calculated andrtabulated. The directly viewed image of the array of line targets shquld be
observed to check that any distortion of dimensions in the displayed image is less than [10 %.

6.3.11| ‘Measurement system accuracy

To assess the accuracy of the measurement system of a scanner, the line targets in the test
object shown in Figure A.3 should be imaged with the sensitivity adjusted to make the displayed
echoes as sharp as possible. Measurements should be made in straight lines on the screen of
lengths approximately equal to 0,75 of the displayed range. These measurements should be
carried out in both horizontal and vertical directions in the field-of-view. The average
percentage error should be tabulated for each length in each direction. The process should be
repeated for the available display scales. To evaluate the accuracy of measurements of curved
lines and cross-sectional areas, closed figures should be traced centrally on the display of an
area approximately 0,75 of the field-of-view. The circumferences and areas should be
measured and the percentage errors calculated. Additional measurements should be made with
the two smaller areas (0,1 and 0,25 of the field-of-view) located at the top and bottom of the
display. This process should be repeated for the available scales of the display.
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The measurement system accuracy can be assessed with use of a point reflector and an
accurate target-positioning system. A difference between the speed of sound used in the
scanner to calculate the distance and the speed of sound in degassed water, including influence
of the water temperature, should be taken into account for the accurate calculation. Comparing
a map of real positions of the point target, determined by the accurate positioning system, to
imaged positions of the points in the scanned area yields information about inaccuracies in the
image. The target positioning system can be precisely manufactured and therefore be suitable
to use for very high frequencies of ultrasound.

6.3.12 M-mode calibration

An M-mode facility exists on most real-time scanners. A partial assessment of its performance
can be[carried out using the test objects described in Annex A. Performing an M-mode scan
with thé ultrasound beam directed at line targets in a resolution test object (see Figuie A.2),
as desgribed earlier for the B-mode, should enable the axial resolution to be measurgd. The
dead zone can also be measured for this mode of operation with the multi-purpese’test{object
(see Figure A.3). The contrast-detail resolution can be noted using the cohtrast-reso¢lution
test object (see Figure A.5). The minimum detectable cone cross-section’for each jype of
scatterjng material in the cones should also be noted.

The mpximum depth of penetration should be measured by noting the range in the soft-
tissuetmimicking material (see Figure A.1) for which echor signals are detectel. The
displayed dynamic range of the scanner can be calculated,‘as in the B-mode imaging case,
by noting the positions of the just-saturated echoes and. just-detectable echoes in the step
wedge |of the soft tissue-mimicking test object (see Figure‘A.1). The scanning beam shuld be
moved|azimuthally to detect these echoes. The acoustic'ihjection technique described in 6.3.9
can aldo be used to measure the displayed dynamic.range of the M-mode.

Distortions of the display accuracy and of the“measuring system should be check¢d and
recorded using the array of line targets in the-multi-purpose test object (see Figure A.3), as
for a B-mode image. The accuracy of the time axis calibration of the M-mode trace [can be
checkeld by injecting bursts of ultrasound into the ultrasonic transducer, using an external
pulse generator and ultrasonic transducer at accurately known intervals, for examplg 1 ms
bursts gt 200 ms intervals. Measuremeént checks should be carried out for the M-mode tface on
both the display screen and thestrip-chart recorder.

6.3.13| Beam shape

Problems with resolution”and contrast in ultrasound imaging systems originate from|pulse-
shape [and beam-shape. With modern transmit- and receive-electronics pulse-shjape is
generally well optimized. Reduced contrast and resolution are generally due to beamishape,
e.g., s|de- and grating-lobes. For medical ultrasound imaging, 3D-void phantoms allow a
sensitiye measurement of contrast using VDR-measurements as described in IEC TS [62558.
For senvicing’and improvement of design, it is of interest to obtain information on the cajuse for
inadeqpuate’ visibility of some voids — i.e. on the beam shape.

Beam-shape, as revealed by the point-spread function (PSF), can be measured using a small
spherical reflector to scan the total volume IEC 61391-1:2006, possibly even taking into account
body-equivalent damping. However, using tissue-equivalent material for this task is not
feasible as the back-reflection from the tissue-equivalent surroundings e.g., from side- and
grating-lobes, would obscure the smaller back-reflected amplitudes from the main beam. The
procedures described in the cited IEC 61391-1:2006 and IEC TS62558 are designed for
laboratory use and are too elaborate for in-field measurements.

It is also possible to assess the beam shape by means of sound field measurements according
to IEC 62127-1:2007.

A first, quick check in the field can be achieved by measuring the line-spread function (LSF) [6].
Use of a 3D-crossed-thread phantom (see Figure A.10) will provide preliminary information
concerning the beam profile and side- and grating-lobe amplitudes.
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The procedure makes use of the same acquisition tools and software as the void test described
in IEC TS62558, while replacing the phantom for the void-detection ratio by the thread
phantom and then selecting custom thread-evaluation software. The test procedures are
described in Annex B.

6.3.14 Uniformity-degradation (element or channel) test

A simple, fast and effective method to detect defective element(s) or channel(s) in a multi-
element electronic transducer uses a highly reflective (metallic) object narrow enough to be
positioned just in front of one element of the transducer array; coupling gel is not necessary.
When the element works, multiple reflections inside the object form an echogenic tail at the
examined element position and direction of the beam in the sonogram. If the reflector is
positiofied In front of a dead element, then the multiple reflections disappear. The widif of the
apertule and the position(s) of the focus(foci) can be recognized from the image. The/nethod
is not sensitive enough for phased array transducers. Simple metallic objects ike"a [narrow
coin, line target or paperclip can be used as the reflector (see [3]). Other and more precise
methods for the detection of dead elements are described in IEC TS 62736;2096, 9.2.
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Annex A
(informative)

Test objects and tissue-mimicking material

A.1 Test object structures

The test objects and materials described in this annex are derived from those described in
several national reports and draft standards. The test objects have been restricted to those
that have been demonstrated to be satisfactory in practice.

Each t’kst object (Figure A.1 to Figure A.11) is designed to be scanned directly_in Water or
through an acoustic window of suitable material, such as polythene. A suitable window npaterial
should|prevent the loss of water from the tissue-mimicking material filling the'test pbject.
The acpustic properties of the material should be given by the manufacturer{e’allow cofrection
of test fesults, if necessary, because of its non-tissue-equivalent properties;. for exampld, in the
depth pf penetration measurements or transducer dead zone. The size'of the window|should
be sufflcient to allow all ultrasonic transducers to be used in all recommended orientafions to
the intgrnal structures.

Suitable targets for the test object are wires of stainless steel* (type 316) with a diameter of
0,15 mm. These line targets are sufficiently thin, so that echoes from them are not elgngated
by internal reverberations. They should be located in each test object to within £0,25|mm of
their specified locations. Nylon or ultra-dense polyethylene filaments in the test object|shown
in Figure A.3 and Figure A.11 are used to reduce the effect of shadowing. They are typically
0,1 mm in diameter.

A.2 [Tissue-mimicking materials

Several types of tissue-mimicking materials have been described in references [12] [1J]. They
are cofmonly based on graphite er_aluminium oxide micro-particles, glass microbeads|and/or
plastic|particles in gelatin or agarose gel [11] [13] with additional chemicals to improye their
stability, to adjust the speed of.sound (SOS) and to prevent bacterial growth. The specifications
of any test object used should be obtained from the manufacturer and, in particular, infofmation
on stahility and line-target-resonance frequency should be sought [14] [15].

The at{enuation and\scattering of the tissue-mimicking material is controlled mainly|by the
amounf of graphiterand glass microbeads in the system. A low attenuation material [should
contairl no graphite, and will therefore have a negligible attenuation coefficient. THe high
attenuation-coefficient should be (0,7 £ 0,05) dB cm-1 MHz-1 with a temperature coeffigient of
less thpn(0,02 dB cm—1 MHz-1 °C~1. The velocity of sound in the tissue-mimicking material
shouldlbe (1 535 + 15) m s=1 and have a temperature coefficient of less than 3 m sl °C-1.
Tests should be performed at (23 £ 3) °C. For resolution tests with high dynamic range, as in
beam profile measurements, a material with tissue mimicking attenuation and speed of sound,
but very low backscatter is desirable [15].

A.3 Description of test objects

A.3.1 Soft tissue-mimicking test object

Tissue-mimicking material with high attenuation is described in A.2. Gelatin or agarose gel is
commonly used as the low attenuation material that contains no scattering centres (see
Figure A.1).
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Dimensions in millimetres

Scanning surface (window)

Uniform attenuating material
containing no scattering centres
(low attenuation)

Tissue-mimicking

scattering material
(high attenuation)

250
)

Length: 300
Width: 100
Height: 250

300

Y

A

IEC
Figure A.1 — Soft tissue-mimicking test object

A.3.2 Axial resolution test object

Two nylon filaments of typical diameter 0,1 mm are arranged to lie in the same verticgl plane
and at [an angle-to each other as shown in Figure A.2. The filaments can be supported|fover a
range ¢f depths in low ultrasonic scattering material. Degassed aqueous solution with it speed
of sound'adjusted to (1 540+/-10) m s-' is a suitable material. Alcohol, glycerol or table §alt are
suitableforadjustingthespeedofsountd:

The volume of the low scattering material should typically be a cube of side length 20 cm. (see
6.3.3.2 and Figure A.2)
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A.3.3
This te

stainlegs-steel(line targets or thin nylon or other polymer monofilaments as specified
(see Figure A:3). The array of line targets for measuring the dead zone (see 6.3.6) is

— 34—

Scanning surface (window)

Low scattering material

Filaments
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Dimensions in millimetres

200

200

A

Figure A.2 — Axial resolution test object
50 Figure C.2 in IEG.61391-1:2006]

Multi-purpose resolution test object

A

IEC

t objectis.filled with material of low or tissue-mimicking attenuation and furnishpd with

in A.1
ocated

at depfhs-that increase in 0,5 mm steps, starting at the test-object scanning surfade. The
array of line targets for axial and lateral resolution measurements (see 6.3.3.2 and §.3.3.3)
is arranged to make an angle of 60° with the test-object scanning surface. The sheet of
scatterers for slice-thickness measurement (see 6.3.7) makes an angle of 75° with the test-
object scanning surface. Suitable material for this sheet of scatterers will have a backscatter
coefficient more than 50 dB higher than that of the background material and the sheet will be
less than 0,2 mm thick for depths less than 4 cm and less than 0,4 mm thick at depths greater

than 4 cm. The calculation of slice thickness is illustrated in Figure A.4.
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Dimensions in millimetres
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./ ® ) ° °
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° ° ° ° ° ° )
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(thin sheet of scatterers) ° ° ° ° ° °
o
& °
[ ] o [ ) [ J [ ] [ ]
[ ] o o [ J [ ] [ ]
L]
L) [ ] [ ] [ ] L} [ ]
Low scattering R /
material
° Distortion and
measurement array
Length: 300
Width: 2qQ0
Height: 2p0
v
300 _
=
IEC
Figure A.3 — Multi-purpose resolution test object
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Dimensions in millimetres

Scan plane
e (out of page)

Test object -

250

Sheet of /\"'

scatterers

. . VX
Slice thicknéss /= @n75°

Image

Transmission signal

X

Echoes from
sheet scatterers

IEC
Figure A.4 — Slice-thickness measurement and calculation

[see also Figure C.5in IEC 61391-1:2006]

A.3.4 Contrast test objects

One possible design of contrast test object consists of cones of tissue-mimicking material
embedded in another tissue-mimicking material of different scattering cross-section [5] [6]
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(see 6.3.4 and Figure A.5). The scattering cross-sections of the materials within the cones
provide a known progression from strong to weak scattering, while that of the embedding
material is uniform and typically intermediate between those of the extreme cones. This type of
contrast resolution test object with stepped rather than tapered cylinders, is commercially
available.

An approximation to a complete, contrast-detail phantom [17] [18] as a function of depth is also
commercially available. Reproducing the cylinders of various contrasts, sloping slowly in depth,
but at additional sizes and closer and deeper would make a complete contrast-detail phantom,
requiring separate sweeps for lateral (azimuthal) and elevational contrast-detail analysis.

Dimensions in_millimetres

120

IEC

Figure A.5 — Contrast test object

A.3.5 Low-scattering sphere void test object

This tgst object is an arrangement of spheres of different size and non-scattering mfaterial,
suitable_far the basic ohjectives outlined in 6 3 5 1_Typically the tes_t_o_b_j_gatJMmLLd_b_e_l: cube
of side length 15 cm. An example of a suitable test object is one containing gelatin spheres of
diameters 1,00 mm, 1,25 mm, 1,59 mm and 2,00 mm embedded in graphite-loaded gelatin

material at different depths (see Figure A.6). The sphere sizes are arranged in a volume
doubling sequence.
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Dimensions in millimetres

Scanning surface (window)
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/
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OAA I
g
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oOO( )
—
c00()
OQ(}O Diameters: 1 mm,
1,25 mm, 1,59 mm
and 2 mm
-
Y 0 0/@®
150

EC
Figure A.6 — Non=scattering spheres test object

A.3.6 Randomly positioned, @mbedded low-echo spheres phantom

Anothegr design discussed in-6.3.5.2 utilises a phantom with a spatially random distribution of
low-echo spherical inclusions; it is suitable for measuring inclusion (lesion) signal-to-noige ratio
in a given depth interval)in the frequency range 2 MHz to 15 MHz. Figure A.7 illustfates a
relativgly sophisticated_design of such a phantom containing low-echo spheres, which meets
the technical specifications of IEC TS 62791:2015. In Figure A.7 the ends of a conical sdanning
window are depicted at the top of the phantom to accommodate curved arrays. The flat sganning
window accommodates linear arrays, phased arrays and flat 2-D arrays. The paralle| plate-
glass rectangles provide — via total internal reflection — for extension of the image oufside of
the volime occupied by tissue- mimicking material (TMM). A flat alumina reflector can eplace
one of ha nlatn |nnt\ rafloctare Tha AL rafloctor hr\t\ A olin

he-plate-glass—reflectors—Fhealuminareflector-has—a-slightlyreugh-surface—giving rise

to diffuse echoes at its surface.
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Dimensions in millimetres

220

IEC

Key
1 7-cm|radius of curvature scaniwindow at TMM boundary
3-cm|radius of curvature scan window at TMM boundary
anechoic sphere

6-cm|x 11-cm flat_seanning window

platelglass refleetor

1-cm| thick aerylic plate

N o o b~ W N

backpround material with speed of sound = 1 540 m s', attenuation coefficient = 0,5 dB cm'MHz" anld one 4-
mm diameter, anechoic sphere per mL

Figure A.7 — End view of the phantom applicable for 2 MHz to 7 MHz
showing the spatially random distribution of 4-mm diameter spheres

A.3.7 Cylindrical-void phantom

A design described in IEC TS 62558:2011 and discussed in 6.3.5.4 used sliced tissue-
mimicking material (TMM) arranged as alternating “cyst-slices” and “attenuation-slices”. An
example phantom was housed in a tight plastic box with external dimensions: height 22 cm x
length 15cm x width 8 cm. The body of the phantom consisted of alternating layers of
polyurethane foam (attenuation slices and void slices), each with a thickness of 5 mm. Each
second layer (the void slices) contains artificial cylindrical voids, which were cut into the foam
(see Figure A.8 and Figure A.9). Foam and voids were soaked with degassed 7 % (by weight)
saline solution. The concentration of the saline solution was adjusted, so that the speed of
sound of the soaked foam was (1 540 + 10) m s~ at 20 °C. The backscattering level for both foams
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immersed in saline solution was the same. The packet of slices had a height of approximately
18 cm. After filling the phantom with saline solution, it was necessary to remove retained air
bubbles by connecting to a vacuum chamber or pump. The phantom was completely sealed
with a 0,25 mm polyurethane foil over the first void slice. The foil was used as a coupling window
with area (11 x 5,5) cm?; it had negligible attenuation.

IEC

Figure A.8a) Package of TMM slices containing Figure A.8b) %‘ of different diameters if the
alterpating void slices and attenuation slices of void slices § the use of the phantom With
polyurethane foam different ultr und frequencies (1 MHz to 1% MHz)

Figure A.8 — Essential components of Satr&s cylindical-void phantom
N\

IEC

Left: Cross s%@n through the foam
Middle: |E @ view of the foam of the attenuation-slices
Right: rged view of foam of the void-slices

Figure A.9 — Structures of foams

The density of voids and void sizes in cylindrical-void phantoms are too small for determination
of water content ratio (WCR). The random-void phantom (RVP) is much more suitable for
WCR-processing [8].

The measurement procedure allows a reliable and reproducible determination of the visibility
limits of small voids, an important image parameter of an ultrasound diagnostic system over
the time of use by applying dedicated acquisition, processing and documentation software.

A.3.8 Edinburgh pipe phantom

The ability to measure the imaging performance of preclinical and clinical ultrasound scanners
is important but difficult to achieve objectively. The Edinburgh pipe phantom was originally
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developed to assess the imaging performance of clinical scanners up to 15 MHz. It comprises
a series of anechoic cylinders with diameters ranging from 0,4 mm to 8 mm formed at a 40°
angle to the horizontal in agar-based tissue-mimicking material [19]. Measurement of the
characteristics of the scanner/transducer combination is achieved by plotting the range of depth
over which each pipe can be visualised in the scan plane as a function of the reciprocal of the
diameter of each pipe. Usually 5 or 6 pipes can be visualised per transducer. In addition, the
low contrast penetration is also measured and forms the intercept of the curve with the y-axis
up to 55 MHz.

Anechoic
pipes

IEC

Figure A.10 — Schematic\of Edinburgh pipe phantom showing
anechoic pipes within the tissue mimicking material

This de¢sign enables the measurement of key imaging characteristics (resolution integral R,
depth ¢f field Lg and characteristic resolution Dg) which can be calculated from the curye. The

resolutjon integral R is the‘area under the curve. Ly defines a region of optimum imaging and
Dg is characteristic of theresolution within the depth of field, and R = Lg/Dg. These pargmeters

were initially demonstrated to characterise transducers with centre frequencies from about
2,5 MHz to 15 MHZz{20]. Further development of the Edinburgh Pipe Phantom resulteq in the
characferisation~of echo-endoscopes [21]. intravascular ultrasound scanners with|centre
frequemcies up.to 45 MHz [22] and preclinical scanners with frequencies up to at least 0 MHz
[23]. Chardcterisation of transducers with centre frequencies above 15 MHz was achigved by
moulding+asseries of anechoic pipe structures (diameters ranging from 0,045 mm to 1{5 mm)
into blo = i =rmimmickid iat: TTi i g, ements
of R, Lg and Dg, for 5 single-element and 9 linear-array transducers (centre frequencies 15 to

55 MHz) have been reported; values of R ranged from 18 to 72 for single-element transducers
and from 49 to 58 for linear-array transducers. A review of over 350 clinical probes and 14
preclinical probes demonstrated that the resolution integral is able to characterise ultrasound
imaging transducers with different levels of performance [24].
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Figure A.11 — Image from a preclinical.ultrasound scanner operating at 55 MHz
shoying the length over which a 92-micron pipe can be visualised in the scan pllane

A.3.9 [Crossed-threads phantom

In one|design of the 3D-thread phantom discussed in 6.3.13, orthogonal nylon thregds are
alternagely positioned in the azimuthal and elevational directions (see Figure A.12, left image)
[25]. TEis design allows measurement of filaments at different depths with one single 3D-
acquisition. In Figure A.13 beam profiles calculated from the single-filament images are phown.
Two sweeps are recommended to measure both the elevational and azimuthal linedspread
functiops (LSFs) [6] alarnig the full length of the array. In Figure A.13 beam profiles |(LSFs)
calculated from the single-filament images are shown. In another design, one set of threads is
placed|at 45° to the other set (Figure A.14). Aligning the transducer normal to one set of fhreads
and sweeping(it)in the azimuthal direction will allow acquisition of azimuthal LSFs|and a
coherent summation of elevational and azimuthal LSFs along the full length of linear and|curved
arrays.| Secanning at a fixed or known rate is not necessary, as the position along the arfay will
be recorded in the positions of the threads in the image [25].
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Left: Thread insert with intermittent threads stretched at right angles

Right: |3D-gray-scale image of the 3D-thread phantom
Figure A.12 — 3D-thread phantom

IEC

Left to right: Gray-scale.mage of lateral-beam cross-section;
gray-scdle image Of elevational-beam cross-section;

lateral-bpam profile along the filament in elevational direction (yellow);

elevational=heam prnfiln alnng the filament in lateral direction (hlun)

Figure A.13 — Beam profiles calculated from the single-filament images
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Figure A.15 — (above) Azimuthal and elevational beam profiles obtained from a filament
phantom; (below) Constant depth (C-images) from a random-void phantom

Gray LEVEL=17atx =10,y = Gray LEVEL=16atx=10,y=0,z=10M

IEC

Key
Features of calculated beam profiles:
strongly reduced side-lobes;

only azimuthal grating lobes are visible at 6,5-7,5 cm depth
Figure A.16 — Beam profiles calculated for a matrix probe
In most filament phantoms for beam profiling over a wide dynamic range, threads are immersed

in water. However, low scattering TMM and tissue-mimicking liquids have been identified and
characterized [16]. In water, the missing attenuation of a tissue-mimicking material (TMM)


https://iecnorm.com/api/?name=0d38e4e528bd7ddf5a68cf3724a325e9

— 46 - IEC TR 61390:2022 © IEC 2022

fails to broaden the beam profiles as would happen with preferential attenuation of the high
frequencies in the transducer bandwidth attenuation.
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