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EOREWORD

T vV oY

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization,co
tional electrotechnical committees (IEC National Committees). The object of IEC is to proniote’inte
eration on all questions concerning standardization in the electrical and electronic fields.,To this
Hition to other activities, IEC publishes International Standards, Technical Specifications; Technical
cly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)
ration is entrusted to technical committees; any IEC National Committee interested in the subject d
barticipate in this preparatory work. International, governmental and non-governmental organization
he IEC also participate in this preparation. IEC collaborates closely with the*lhternational Organiz
lardization (ISO) in accordance with conditions determined by agreement between the two organiz

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

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

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

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

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

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

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

tion is drawf te.the possibility that some of the elements of this IEC Publication may be the subject
. IEC shdll not be held responsible for identifying any or all such patent rights.

62791 has been prepared by IEC technical committee 87: Ultrasonics. Itis a Te
Cation.
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This second edition cancels and replaces the first edition published in 2015. This edition
constitutes a technical revision.

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

a) It introduces necessary corrections to the analysis methods; these have been published in

b)

the

literature.

It increases the range of contrast levels of low-echo spheres in phantoms that meet this
Technical Specification. Previous specification was -20 dB, but two additional levels, -6 dB
and either -30 dB or, if possible, -40 dB, are now specified.

It includes a wider range of uses of the methodology, including testing the effectiveness of
scanner pre-sets for specific clinical tasks and detecting flaws in transducers and in
beamforming.
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d) It decreases the manufacturing cost by decreasing phantoms' dimensions and numbers of
low-echo, backscattering spheres embedded in each phantom.

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

Draft Report on voting

87/776/DTS 87/790A/RVDTS

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

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

This dgcument was drafted in accordance with ISO/IEC Directives, Part 2, and develgped in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, ayailable
at wwy.iec.ch/members_experts/refdocs. The main document types developed by IEC are
describjed in greater detail at www.iec.ch/standardsdev/publications.

Terms jn bold in the text are defined in Clause 3.

The committee has decided that the contents of this document will remain unchanged yntil the
stability date indicated on the IEC website under webstgresiec.ch in the data related| to the
specifi¢ document. At this date, the document will be
e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e ameénded.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates |that it
contajns colours which are considered to be useful for the correct understanding|of its
contepts. Users should therefore print this document using a colour printer.
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INTRODUCTION

Ultrasonic pulse-echo scanners are widely used in medical practice to produce images of soft-
tissue organs throughout the human body. Most ultrasonic pulse-echo scanners produce real-
time images of tissue in a scan plane by sweeping a narrow, pulsed beam of ultrasound through
the tissue section of interest and detecting the echoes generated by reflection at tissue
boundaries and by scattering within tissues. Many newer scanners transmit broad, overlapping
ultrasound beams, and apply software beam-forming to synthesize narrow, pulse-echo beam
patterns.

Generally, the sweep that generates an image frame is repeated at least 20 times per second,
giving pse—tothereal-time—aspestofthedisplayedimage—Fhe—axes—of the pulsedbeams
genera

Varioug transducer types are employed to operate in a transmit—receive mode to generate and
detect fthe ultrasonic signals. Linear arrays, in which the beam axes are all parallel|to one
anothef, resulting in a rectangular image, consist of a line of hundreds ofparallel trarjsducer
elements with a subset of adjacent elements producing one pulse at a time."Convex arrays are
similar[to linear arrays but the element arrangements define part of the-surface of a short, right,
circular cylinder with the array elements parallel to the axis of the* cylinder. The radius of
curvatyre of the cylinder (and therefore the array) can have values-between 0,5 cm and 7 cm.
The cophvex array generates a sector image, since the beam axes’fan out over the scan plane.
Some linear- and convex-array models, such as "1,25-D" arrays, incorporate multiple fows of
elements to provide additional control of the elevational beéam width.

A phasgd array has a linear arrangement of elements, where all elements act together fo form
a pulseland the direction and focus of an emitted pllse is determined by the timing of exc|tations
of the glements. The phased array generates a séctor image. Another type of sector scgnner is
the mgchanical sector scanner in which a*single-element transducer or an annuldgr-array
transdJcer is rotated about a fixed axis during pulse emissions. The foregoing transducdgr types
commanly operate within the frequency range 1 MHz to 23 MHz, to which this document gpplies.
Medicdl ultrasound systems exist whose transducers operate at frequencies as high as 38 MHz.
Although the procedures specified invthis document might be appropriate for these systems,
phantoms outlined in this document have not yet been described for use in the 23 MHz to
33 MHz frequency range.

A two-dimensional array~2=D array) is restricted to an array of transducer elements disfributed
over a rectangular area‘ef a spherical cap. Such an array receives echoes from a 3-D yolume
and can produce images corresponding to any planar surface in that volume. [A 3-D
mechanically driven;*convex array (3-D MD convex array) means a convex array that agquires
imageq as it is(rotated mechanically about an axis lying in its image plane or an extension of
that plgne. A<3=D mechanically driven, linear array (3-D MD linear array) is similar to a $-D MD
convex|array) where the array radius of curvature is infinite and the array is either rotated about
an axis| ords translated perpendicularly to the scan plane of the linear array. For an overyiew of
current 3-D and 4-D systems, see 1.5 and 10.2.2 of [1]".

One means for testing the imaging performance of an ultrasound pulse-echo scanner is to
quantify the degree to which a small (low-echo) sphere is distinguished from the surrounding
soft tissue, i.e. the degree to which a small, low-echo sphere is detectable in the surrounding
soft tissue. 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 display
and delineate the boundary of an abnormal object, such as a tumour, and the more accurately
it will display local acoustic properties.

T Numbers in square brackets refer to the Bibliography.
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There are three components of resolution defined in pulse-echo ultrasound:

— 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
the scan plane).

also to

Axial resolution usually — but not always — is better than lateral and elevational resolutions.

Thus, all three components affect an object's detectability. A sphere has no pr

eferred

orientation and is therefore the best shape for assessing detectability of a low-echo object for

two re hat the
beam's| incident direction is. Second, the incident beam's propagation directioncwjll vary
considerably in the case of convex and phased arrays depending on where the object exists in

the imgged volume.

Imaging performance can be reduced by:

e bedm distortions associated with dead or weak elements in array transducers;
e sid¢ lobes and grating lobes that are present with some array transducers;

e unégxpected beam changes accompanying variations in the transmit foci applied to m
("1,R5-D") arrays; and

e elegtronic noise.

All canfcontribute to artifactual echoes on clinical images and on images of phantoms corj
low-echo spheres or to erroneous echo-signal amplitudes.

It is important that the phantom allow quantification of detectability to be carried out o
entire depth range imaged; thus, it is important that the low-echo spheres exist up to thg
scanning window. A phantom limited to aflat scanning surface is acceptable for a linea
phased array or a flat 2-D array but notfor the remaining types of arrays. Each of the ph
specifigd in this document contains™a random distribution of equal diameter [2], lov
spheres existing at all depths, ingluding the case of those designed for testing convex (
arrays.

This document summarizes the requirements for a phantom to provide for determing
detectability of small, low-echo spheres for any type of pulse-echo transducer,
(perhaps) a 2-D array with a spherical-cap surface.

The IntprnationalElectrotechnical Commission (IEC) draws attention to the fact that it is ¢
that compliance with this document may involve the use of a patent. IEC takes no f
concerhing the evidence, validity, and scope of this patent right.
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The holder of this patent right has assured IEC that s/he/it is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world.
In this respect, the statement of the holder of this patent right is registered with IEC. Information

can be obtained from the patent database available at patents.iec.ch.

Attention is drawn to the possibility that some of the elements of this document may

be the

subject of patent rights other than those in the patent database. IEC shall not be held

responsible for identifying any or all such patent rights.
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ULTRASONICS - PULSE-ECHO SCANNERS - LOW-ECHO
SPHERE PHANTOMS AND METHOD FOR PERFORMANCE
TESTING OF GREY-SCALE MEDICAL ULTRASOUND SCANNERS
APPLICABLE TO A BROAD RANGE OF TRANSDUCER TYPES

1 Scope

This dnr\llmnnf, which is 2 Tachnical Qpnnufur\oflnn, defines terms and epnnlflne methods for

quantifying detailed imaging performance of real-time, ultrasound B-mode scanners(|[Jetail is
assesspd by imaging phantoms containing small, low-echo spherical targets ¢nla |tissue-
mimickjng background and analysing sphere detectability [3]. Specifications'are giyen for
phantom properties. In addition, procedures are described for acquiring images, confucting
qualitative analysis of sphere detectability, and carrying out quantitative analysis by dgtecting
sphere| locations and computing their contrast-to-noise ratios. With appropriate chojices in
design] results can be applied, for example:

e to gssess the relative ability of scanner configurations (scannerf make and model, scgn head
and console settings) to delineate the boundary of a tumoufor identify specific features of
tumours;

e to choose scanner control settings, such as frequency-0r' the number and location of transmit
foci, which maximize spatial resolution;

o to detect defects in probes causing enhanced sidelobes and spurious echoes.
The typges of transducers used (see sections 7.6@nd 10.7 of [1]) with these scanners ingclude:

a) phdsed arrays,

b) linefar arrays,

c) conjvex arrays,

d) meg¢hanical sector scanners;

e) 3-D|probes operating in 2-D“imaging mode, and

f) 3-D|probes operating.in-3-D imaging mode for a limited number of sets of reconstrucfed 2-D
imalges.

The tegt methodology'is applicable for transducers operating in the 1 MHz to 23 MHz frefuency
range.

2 Ndrmative references

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

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

IEC 61391-1, Ultrasonics — Pulse-echo scanners — Part 1: Techniques for calibrating spatial
measurement systems and measurement of system point-spread function response

IEC 61391-2:2010, Ultrasonics — Pulse-echo scanners — Part 2: Measurement of maximum
depth of penetration and local dynamic range
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IEC TS 62736, Ultrasonics — Pulse-echo scanners — Simple methods for periodic testing to
verify stability of an imaging system's elementary performance

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-802,
IEC 61391-1, IEC 61391-2 and the following apply.

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

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

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

31
active prea of a transducer
area oVer which transducer transmitting and/or receiving elements are distributed

3.2
backsgatter coefficient

intrinsjc backscatter coefficient
n
intrinsi¢ property of a material, at some frequency, equalo the differential scattering| cross-
section| per unit volume for a scattering angle of 180°

Note 1 t¢ entry: See [4], [5], [6].

[SOURIE: IEC 61391-1:2006, 3.6, modified =(The term "differential scattering cross-gection"
is used| in place of factors comprising this quantity that are included in the source definition.]

3.3
low-echo sphere

hypoec¢hoic sphere
spheridal inclusion in a phantom, with a backscatter coefficient that is lower than the
backsgatter coefficient of the surrounding tissue-mimicking material

3.3.1
low-constrast, low-echo sphere
low-echo sphere“with a backscatter coefficient that is 6 dB (+0,2 dB) lower thfan the
backsgatter coefficient of the surrounding tissue-mimicking material

3.3.2

high-cpntrast, low-echo sphere
low-echo sphere with with a backscatter coefficient that is at least 30 dB lower than the
backscatter coefficient of the surrounding tissue-mimicking material

Note 1 to entry: See also 6.3.

3.4

sphere diameter

D

diameter of spherical inclusions in a phantom

Note 1 to entry: It is generally assumed that all low-echo spheres in a particular phantom have the same diameter
D.
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3.5
pixel
smallest spatial unit or cell size of a digitized two-dimensional array representation of an image

Note 1 to entry: Each pixel has an address corresponding to its position in the array.

Note 2 to entry: Pixel is a contraction of "picture element".

[SOURCE: IEC 61391-1:2006, 3.23, modified — Supplementary information has been moved
from the definition to Note 1 to entry; the words "and a specific brightness level" have been
deleted from the supplementary information.]

3.6
pixel leIue
integer|{value of a processed signal level or integer values of processed colour levélsyprovided

to the display for a given pixel

Note 1 t¢ entry: In a grey-scale display the pixel value is converted to a luminance by some, usually m¢notonic,

function.| The set of integer values representing the grey scale runs from 0 (black) to (2¥= 1) (white), whefe M is a
positive |nteger, commonly called the bit depth. Thus, if M = 8, the largest pixel valu€’in the set is 255.

3.7
digitized image data
two-dimensional set of pixel values derived from the ultrasound echo signals that form an
ultrasopind image

3.8
mean pixel value
MPV
mean qf pixel values detected over a designated area or volume in an image or 3D stack of
images. For low echo spheres here, MPV is defined for an area 4 in a phantom image, where 4
is some¢what smaller than the area of a cincle of diameter D

Note 1 t¢ entry: The phrase "somewhat smaller than" is introduced as partial compensation for the partigl volume
effect in the elevational dimension [3].

Note 2 tq entry: The partial volume éffect is a term common in computed tomography, magnetic resonance[maging,
and ultrgsound imaging. This process refers to the effect of the finite imaging resolution, particularly the slice
thicknes$. The signal (pixel values) at points near the object boundaries will include contributions from thpt object
and confributions from the material around it. For example, if the object is a sphere with diameter cloge to the
thicknes$ of the slice, thenone’ cannot define a good measurement region in the image of the sphere in which the
signal dqes not include components from material lying outside the sphere.

3.9
depth |nterval
interval between boundaries of contiguous depth segments into which an image area is
subdivided for computation of LSNR,, -values as a function of depth

Note 1 to entry: A rectangular scan area will be subdivided into horizontal bands; a sector scan area will be
subdivided into annular ring segments, the angular limits being determined by the sector angle (see Figure B.2 d).
Rectilinear projection of these area segments in the elevational direction will create volume segments analogous to
slabs and partial cylindrical shells, respectively, with thickness equal to the depth interval extent 4.

3.91

depth interval label

d

integer for identifying depth intervals in an image

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

Note 2 to entry: In computations of the centre of the nth sphere cluster in Annex E, the correct value of d on the
right sides of Formulas (E.1), (E.2) and (E.3) depends on the specific i,j coordinates of each site, s, in the cluster.
When the cluster extends beyond a boundary of a depth interval into an adjacent volume segment, then 4 will be
incremented or decremented by 1 for those sites located in the adjacent volume segment.
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3.9.2

depth interval extent

A

extent of each equal segment into which an image area is subdivided for computation of LSNR,,-

values as a function of depth

Note 1 to entry: Depth interval extent is expressed in millimetres (mm).

Note 2 to entry: Experience determining LSNR, -values for numerous cases has led to the conclusion that a 4-mm

value of 4 is adequate for the phantoms containing 4,0 mm-diameter and 3,2 mm-diameter low-echo spheres, and
a 2-mm value of 4 is adequate for the phantoms containing 2 mm-diameter low-echo spheres.

Note 3 toentry: i i 3 ~thus, if the
imaging Hepth is 16 cm and each depth |nterval spans 4 mm = 0, 4 cm, then there are 16/0 4 = 40 depth intervals.
Equivaleptly, the maximum image depth is the product of the maximum depth interval label, and 'the depth

extent A. The maximum image depthis d_, *x 4= 40 x 0,4 =16 cm in this example.

max‘
interval

3.10
detectability
numerifal value quantifying the probability that a human observer will detect an objedt in an
image having background speckle

3.11
lesion [signal-to-noise ratio
LSNR
ratio off the mean pixel value over a region of a detectedytarget in an image, minus the¢ mean
pixel VJ:Iue over a specified region of the backgroundwecho signals, to the standard dgviation
of the mean pixel values contributing to the background

Note 1 t¢ entry: See Formula (2) in 8.4.1 and [7]. Also,’see’LSNR, in Clause 4.

3.12
lesion [signal-to-noise ratio for the nthilow-echo sphere
LSNR,

numerifal value quantifying the detectability of the nth macroscopically uniform, loyw-echo
spherg surrounded by a macroscopically uniform, background material and existing| in the
volumeg of a phantom for which~image data has been obtained

Note 1 tp entry: »n =1, 2, 8 ). Ny, where N, is the total number of spheres, the centres of which hgve been
approxinjated.

Note 2 tg entry: LSNR.'is a symbol representing (S, = S, g,)0g,, Where S is the mean pixel value calculgted over
a designfated area, centred on the nth detected sphere, S_ . is the mean pixel value from designated aregs of the
backgrognd region'not containing spheres and oy, is the standard deviation of all MPVs contributing to S_d . These
symbols |arg defined in Clause 4 and are explained further in 8.4.1.

Note 3 to entry: Low-echo spheres with centres located less than a distance D/2 from a lateral image boundary
are excluded.

3.13

mean lesion signal-to-noise ratio

LSNR,

conceptual mean value of the lesion signal-to-noise ratio for detected low-echo spheres
whose centres lie within an unspecified volume segment
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3.14

LSNR

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

Mean LSNR

mean lesion signal-to-noise ratio for detected spheres whose centres lie within the volume
segment denoted by depth interval label d

Note 1 to entry: Low-echo spheres with centres located less than a distance D/2 from a lateral image boundary
are excluded.

Note 2 to entry: In figures in several annexes, the ordinate label of the left graph a) is "Mean LSNR"; this label
corresponds to LSNR_ , in accordance with the notation adopted in 8.4.2.

3.15
image [plane
plane gf symmetry of the acoustic pulses for generating an image on the monitor

3.16
image pboundary
bounddry of the displayed monitor image

Note 1 t¢ entry: For example, see the rectangular image in Figure B.5.

3.17
image [data set
image [set

set of data images derived from parallel image planes which are separated from agjacent
image jplanes by D/4

Note 1 tg entry: See also Clause 7.

3.18
specific attenuation coefficient
<at a specified frequency> attenuatien_coefficient divided by the frequency

[SOURICE: IEC 61391-2:2010; 333, modified — The source definition — "at a specified
frequency, the slope of attenuation coefficient plotted against frequency" — hag been
rephraged.]

3.19
cubic array
set of gites or/positions in three-dimensional ¢ space with Cartesian coordinates x F iD/4,
vy =jDI4 and.z2>=%D/4, where iD/4 and jD/4 lie in an image plane, kD/4 specifies a pafrticular
image planejand i, j and k are integers

Note 1 to entry: Since all Cartesian coordinates have a common factor of D/4, the convention is adopted that i, j or
k without the D/4 factor are taken to mean the Cartesian coordinates iD/4, jD/4 or kD/4. Also, ijk means the cubic
array site with coordinates iD/4, jD/4 and kD/4.

Note 2 to entry: The smallest volume describable with these cubic array sites is a cube of volume (D/4)3
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4 Symbols
Symbol Meaning Reference
A square area in an image plane selected for calculation of MPV 3.8,8.2
Mobj Mokg backscatter coefficient of an embedded object and of background material, 3.2
respectively
D low-echo sphere diameter 3.4
d integer for identifying depth intervals 3.9,84.2
E.1
din integral number of the depth interval chosen as the minimum depth for 8.3.2
a}l}l:yllly t:IU dqta Glld:yb;b, III;II;IIIUIII \JU'Jt:I = u’minA
dax greatest integral number of the depth intervals allowed by the chosen 8.3.1,,Annex E
maximum possible depth for data analysis; maximum depth =d__ A
i,j, k integers corresponding to rows (i) and columns (j) and the elevational 3.9 (see Note 1)
position (k) of a cubic array, respectively 8.4
LSNR_, conceptual mean lesion signal-to-noise ratio 3.13,(8.4
LSNR_, mean lesion signal-to-noise ratio for detected spheres whose centres lie 3.14,(8.4
within the volume segment denoted by depth interval label 4 8
NOTE The term "Mean LSNR" is used as ordinate labels“en/data figures in
Annex B, Annex C, Annex G, Annex H and Annex |.
LSNR, lesion signal-to-noise ratio for the nth low-echo-sphere, calculated using 3.12, §.4.1
LSNR. = (SLn — SmBn)
OBn
where the meanings of the terms are listed,below in this table
LSNR, lesion signal-to-noise ratio for the nth low-echo sphere in the volume 3.11, §.4.1
' segment denoted by depth intervalilabel d
M, mean of all MPVs with centres-lying within the volume denoted by depth Annek E
interval label d, using the entire image set
Md(ij)n M, designation in Formutas (E.1), (E.2), and (E.3) in Annex E, where the Annek E
depth interval, d, forspecific index values, s, in the summation will vary,
depending on the cubic-array coordinates, ij, of individual sites in the nth
cluster. Label 4 varies, depending on how close the detected cluster is to a
depth interval.boundary, causing individual sites comprising the cluster to
lie in differént)depth intervals. d also depends on whether the transducer is
a linear array, convex array or phased array.
NOJE~For linear arrays, d has no j-dependence.
MPV mean pixel value 3.8, 8.2
(MPYV) |, MPV calculated over an area 4 centred at the ijk-site of the cubic array 3.19, (sge Note
1), 8.2
(MPV), =5, VPV Calcutated OVer area A Centred at the projection of ey Yom,) 0o the 82
image plane nearest to z,,
N, total number of detected low-echo spheres with centres in the volume equal 3.12
to the area surrounded by the image boundary multiplied by the distance
between the first and the last image planes, and excluding any spheres
situated less than D/2 from the boundary of that volume
N,or N,d number of detected low-echo spheres comprising N that have centres 8.4.2
(as required | within the volume segment denoted by depth interval label 4
by software)
n integer for identifying clusters of neighbouring (MPV)ijk sites that differ from 3.12
the background pixel value by at least 1,5 standard deviations Annex E
n,ornd integer-subscript for identifying subsets of (MPV),-jk site clusters, whose 8.4.2
(as required computed centres lie within the depth interval denoted by label d
by software)
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Symbol Meaning Reference

P(u) probability of there being u low-echo sphere centres in an arbitrarily chosen 6.2.4
1-ml volume

q exponent of the frequency dependence of the backscatter coefficient 6.3

r index, taking values 1 or 2 to indicate one side or opposite side of a Formula (F.1)

(in Annex F) phantom, wherein a reflector is situated

R, and N, mean pixel values on the reflector side and non-reflector side of a phantom, Formula (F.1)
respectively (see Figure F.1)

S, = (MPV), | MPV calculated over area 4 centred at the projection of (xqy,., ¥om,) ONto the 8.4.1
image plane nearest to z.,.

SBn Tean of att mPrs i the speciffed inrage ptamne, WoSe Cemres are withimthe 874711
annulus defined by radii equal to (3/4)D and 2D and centred at the
coordinates of S

o, standard deviation of all (MPV),'s with centres lying within the volume Annei E
segment corresponding to depth interval label, d, using the entire image set

t,ort, number of sites in a detected MPV cluster Annek E

(as required
by software)

A interval in depth of contiguous area segments into which an image area is 3.9
subdivided for computation of LSNR,_ -values as a function of/depth

Xomn Ao coordinates of the "centre of mass" of the nth low-echo@phere 8.4.1, 8.4.2,
Annek E
ZCMn
v mean number of low-echo sphere centres per. millilitre; or volumetric 6.2}4
concentration of low-echo sphere centres
oa, standard deviation of all MPVs contributing to S, 5. 8.411
z, z-coordinate of points in an image .plane 8.2

NOTE Additional symbols used only in(felation to Annex E or Figure F.4 are defined in the text in Anng¢x E and
below Figure F.4.

5 General and envirenmental conditions

The manufacturer'stspecification should allow comparison with the results obtained from the
tests defined in thissdocument.

All megsuremeéents should be performed within the following ambient conditions:

— temperature, 23 °C + 3 °C;
— relative humidity, 10 % to 95 %;
— atmospheric pressure, 66 kPa to 106 kPa.

Properties of ultrasound phantoms, such as speed of sound and attenuation coefficient, can
vary with temperature. Consult the specifications published by the phantom manufacturer to
determine whether the expected acoustic properties are maintained under the above
environmental conditions. If not, the environmental conditions over which expected and
reproducible results can be obtained from the phantom or test object should be adopted for
tests specified below.
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6 Equipment required

6.1 General

The test procedures specified in this document should be carried out using B-mode images of
tissue-mimicking phantoms containing low-echo spheres. Analysis should be done on
digitized image data acquired from the ultrasound scanner. A range of sphere diameters and
contrasts, as in contrast-detail analysis, would provide comprehensive information on
detectability of low-contrast lesions and, indirectly, discrimination of tumour border features;
however, full coverage of the contrast-detail space would require many phantoms and spherical
targets. Therefore, two phantoms, each having a specified target contrast and each with one of
two sphere sizes, are chosen here to give a cost-effective method of testing ultrasound systems.

For phgntoms used for assessing and intercomparing the ability of imaging systems-to dglineate
tumour|boundaries, a tight tolerance on the sphere size is necessary. The propétties gf these
phantoms are specified in 6.2.1. The tolerance of sphere diameters is loosened:-somewhat in
6.2.2 for phantoms used to evaluate overall scanner performance, tune scanner pre-sets, and
detect transducer defects. This loosening is expected to enable more widespread avaflability
and fre[quent use of these systems by clinical facilities.

6.2 Phantom geometries

6.2.1 Low-contrast phantoms for assessing the ability to delineate tumour
boundaries

6.2.1.1 For use in the frequency range 1 MHz to{7 MHz

The phiantom should allow imaging to a depth of‘at/least 8 cm and provide for display of the
entire B-scan image frame. Low-contrast, low-écho spheres (backscatter coefficient -6 dB
(20,2 dB) relative to that of the background material in the phantom) should be availgble for
detectability assessment over the entire image frame. The diameter of these spheres|should
be spetified by the manufacturer to within'£2 %. The mean number of spheres per unit yolume
should|be at least one per millilitre but the volume fraction consisting of spheres should not
exceed 3,3 %. Scanning windows_should provide for contact of the entire emitting surnface of
the trapsducer (active area of-a transducer), while allowing elevational translation| of the
transdycer over a sufficient distance that the most likely number of spheres traversed| by the
scan pllane at or near the focal distance(s) is 40 or more in a 5 mm-depth interval. A loiv-echo
sphere diameter of 3,2 mm is recommended for adequate performance assessment in the
1 MHz o 7 MHz range.

NOTE 1| One low-echo:sphere can serve as two such spheres, if total internal reflection at a planar surface |provides
an independent imagé. See Annex A for an example of the geometry.

NOTE 2| The-detectability of -6 dB spheres has replaced detectability of -20 dB spheres in IEC TS 627P1:2015,
regarding delineation of the boundary of a tumour. Superiority of detectability (more negative detectability) of one
scanner [configuration over another for —20 dB spheres will likely apply at all spherical-object contrasts; however,
_6 dB iS IMMUcIT Closer iall —2U UD 10 e T4alryge OF COMMrasis riecucdu.
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6.2.1.2 For use in the frequency range 7 MHz to 23 MHz including "micro-convex”
arrays

The phantom should allow imaging to a depth of at least 4 cm and provide for display of the
entire B-scan image frame. Low-contrast, low-echo spheres (backscatter coefficient -6 dB
(£0,2 dB) relative to the backscatter coefficiemt of the background material) should be available
for detectability assessment over the entire image frame, and the diameter of these spheres
should be specified by the manufacturer to within £2 %. The mean number of spheres per unit
volume should be at least eight per millilitre but the volume fraction consisting of such spheres
should not exceed 3,3 %. A low-echo sphere diameter of 2 mm is recommended for adequate
performance assessment in the 7 MHz to 23 MHz range. Scanning windows should provide for
contact of the entire emitting surface of the transducer, while allowing elevational translation of

the tra-%&%ﬁwﬁ&ﬁ%&m—m&%ﬁ%&%&%ﬁsed by
the scgn plane at or near the focal distance(s) is 40 or more for a depth interval‘extent of

2 mm.

NOTE One low-echo sphere can serve as two such spheres, if total internal reflection of a beam at a planaf surface
provides|an independent image. See Figure D.1 for an example of the geometry.

6.2.2 High-contrast phantoms to evaluate scanner performance; tune scanner gre-
sets, and detect defects in probes

6.2.2.1 For use in the 1 MHz to 7 MHz frequency range

The phantom should allow imaging to a depth of at least 18(cm and provide for display of the
entire B-scan image frame. High-contrast, low-echo spheres (backscatter coefficlient at
least 30 dB lower than the backscatter coefficient ‘of the background material, |unless
otherwise specified) should be available for detectability assessment over the entirel image
frame.| A low-echo sphere diameter of 4 mmior 6 mm is recommended for adequate
performpance assessment in the 1 MHz to 7 MHz(tange. Larger diameters are useful for|testing
low frequency systems that image to depths greater than 30 cm. The diameter of these gpheres
should|be specified by the manufacturer towithin +0,2 mm. The mean number of sphefes per
unit volume should be at least one per millilitre but the volume fraction consisting of gpheres
should|not exceed 0,15 (15 %). Scapning windows should provide for contact of thg entire
emitting surface of the transducer,

NOTE |[f larger spheres (> 5 mm diameter) are used, the 0,15 volume fraction limit could require less than one
sphere pler millilitre.

6.2.2.2 For use in the)7 MHz to 23 MHz frequency range, including "micro-convjex
arrays

The phiantom should allow imaging to a depth of at least 8 cm and provide for display of the
entire B-scan image frame. High-contrast, low-echo spheres (backscatter coefficient at least
30 dB Ipwer-than the backscatter coefficient of the background material in the phantom,|unless
otherwise’ specified) should be available for detectability assessment over the entirel image
frame. |[A\Mow-echo _sphere diameter of 2 mm + 0,2 mm_is recommended for adequate
performance assessment in the 7 MHz to 23 MHz range, and the diameter of these spheres
should be specified by the manufacturer to within £9 %. The mean number of spheres per unit
volume should be at least eight per millilitre but the volume fraction consisting of such spheres
should not exceed 15 %. Scanning windows should provide for contact of the entire emitting
surface of the transducer.

NOTE High-contrast (-20 dB and -40 dB) spheres are expected to be detectable over a greater depth range than
the low-contrast (-6 dB) spherical targets in 6.2.1. Consequently, the phantom depth range is greater in 6.2.2 than
in6.2.1.
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6.2.3 Total internal reflection surfaces

Total internal reflection surfaces can be used to reduce the phantom lateral dimensions and
conserve numbers of low-echo spheres needed for fabrication. For phantoms with low-echo
spheres having diameters of 3 mm to 4 mm, two parallel, plate-glass surfaces causing total
internal reflection are acceptable in the phantom, as shown in Figure A.1 and Figure A.2. For
phantoms with low-echo spheres having diameters of 2 mm, two parallel, planar, alumina
surfaces causing total internal reflection are acceptable in the phantom, as shown in Figure D.1;
a surface roughness of the alumina of 6 ym or less is sufficient.

6.2.4  Spatially random distribution of low-echo spheres

Though
manufdcturing costs will likely be much lower, if the spheres are spatially randomly distibuted.

The spptially random distribution of low-echo spheres in a phantom is closely approXimated
by the Poisson probability distribution function,

—v_u

Plu)= < (1)

u!

where
e is Huler's Number (2,718 28....) and the base of natural logarithms;
v is the mean number of low-echo sphere centres per millilitre.

For example, if v =1 and P(u) is the probabilityefthere being u low-echo sphere centrgs in an
arbitrafily chosen 1-ml volume, the standard déeviation is o = v1/2 = 1.

6.3 Ultrasonic properties of the tissue-mimicking (TM) phantoms

For any phantom, the following ultrasonic property ranges are specified to apply at 23 °C.

NOTE IProperty values and tolerances specified here are generally similar, but not identical, to those sp¢cified in
IEC 61391-1:2006 and IEC 61391-2:2010.

Mass g¢ensity: 0,95 gmt! to 1,15 g mI~'. To minimize or to avoid detection of specular
reflectipns from sphére boundaries, the background and sphere materials should have thg same
acoustic impedante-to within 1 %.

Specifit attenuation coefficient: (0,50 + 0,04) dB cm~! MHz™! at 3 MHz, or somd more
appropridate, value for the background material (surrounding the low-echo spheres) gnd the
value for—the—tow-echo—sphere—materis FrotHad—be—within = —Llof the
background value.

004 4B = W

Propagation speed: (1 540 + 10) m s~'. For phantoms designed for specific applications of body
parts with speed of sound clearly different than 1 540 m s~1, materials with that speed of sound
may be used. In that case, the phantoms shall be labelled clearly as intended for that application
with a "nonstandard speed of sound" of (the intended speed) + 10 m s~ 1.

Backscatter coefficient for the 1 MHz to 23 MHz frequency range:

For the background material: 3 x 1074 (sr cm)~' + 3 dB at 3 MHz and frequency dependence of
(frequency)?, where 3 < ¢ < 4.

For the low-contrast sphere material: No lower (more negative) than -6,2 dB, and no greater
than -5,8 dB relative to the background material.
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For the high-contrast sphere material: No higher than -40 dB with respect to the backscatter
coefficient of the background material, unless otherwise specified.

Long-term stability: With appropriate attention, a phantom should maintain its original values of
backscatter coefficient within +5 dB, specific attenuation coefficient within +8 %,
propagation speed 11 % and density +2 % for at least 5 years. For water-based tissue-
mimicking materials this requirement can be assured by periodic monitoring of a phantom's
weight as specified by the manufacturer. When the weight has decreased by a specified amount,
the phantom can be returned to the manufacturer for transfusion with sufficient aqueous solution
to return the phantom to its weight (and presumably ultrasonic properties) at the time of
manufacture.

7 Data acquisition assuming a spatially random distribution of low-echo
spheres

71 ethodology
711 General

The bapic unit for data acquisition for transducer types a) through-d) of Clause 1 is a djgitized
grey-sdale image including the entire selected field of view. Typically, at least 8 bits (256(levels)
of distinct grey levels are realized. For transducer types e) and f).6f Clause 1, see Annex J. For
each transducer tested, ultrasound system controls including the field of view, ultrasound
frequency, transmit focus settings (if available), output_pewer setting, overall gain, time gain
compensation (TGC), and pre- and post-processing seftings should be recorded. One|way to
accomplish this recording is to develop a system preset that stores the above settings dnce an
optimized image of the phantom has been generated over the usable depth range for that
transdycer. This "low-echo sphere" preset should be stored in the scanner's presef menu
listings|for each transducer, and it should be available for future tests of the probe or of|similar
probes| Alternatively, a clinical preset that is applicable to an anatomical site commonly
scanned using the transducer may be selected, though the system performance might[not be
optimized for imaging this phantom. This preset should be noted for future tests.

NOTE It is customary that software and(hardware will be made available which simplify acquisition, recording and
long-term storage of these data.

The TGC can be difficult_to, reproduce unless it is set with all depth ranges at maximum or
minimum settings, or at @neasily identified centre position. These positions usually do npt yield
the best results obtainable with these measurements, but are recommended. The
measufements can _be highly dependent on modest changes in the TGC. Usually, the manual
TGC is|not among-the controls included in the presets.

Figure [1 shows a flow chart of the methodology.

7.1.2 —Mechanical transiation

The measurement protocol involves acquiring images while the transducer under test is
translated in the elevational direction over a section of the specified phantom. For those
systems in which the beam axes corresponding to the image frame lie in a plane (defining the
"scan plane"), the transducer should be held in contact with a section of the scanning window
(with adequate coupling gel) by an apparatus which also allows translation in the elevational
direction, thereby allowing acquisition of image frames with scan planes parallel to one another

[71, [8].
NOTE Either the transducer or the phantom can be translated.

The translational increment between acquired frames is a function of the low-echo sphere
diameter and allows the plane of symmetry (scan plane) of at least one frame to lie within 1/8
of the sphere diameter from the centre of a detected sphere; i.e. the maximum increment should
be equal to 1/4 of the sphere diameter.


https://iecnorm.com/api/?name=6210e9b1f67f799997ecd0de103a2924

IEC TS 62791:2022 © |IEC 2022 -21 -

7.1.3 Manual translation with cine-loop recording

Manual translation of the transducer, while images are recorded in the form of a cine loop, also
is possible with many ultrasound systems. This method of data acquisition can also be carried
out, if shown to be equivalent to the case of images recorded in conjunction with mechanical
translation. When recording a cine loop, the transducer shall be translated perpendicularly to
the scan acquisition plane, translation shall be at a uniform speed, and the distance between
the image planes recorded on individual cine frames shall be known. For a uniform translation
speed, the distance equals the total translation distance for which the cine loop was recorded
divided by (the number of image frames contained in the loop minus 1). Just as in the case of
mechanical translation, the interframe distance should be no greater than 1/4 of the sphere
diameter.

NOTE If an alternative method for determination of low-echo sphere centres were shown in a peer-feviewed
publicatipn to be at least as accurate as the method in Clause 7 and Annex E, and alternative software wWere also
made avpilable for computing LSNR,_-values as a function of depth, which agree to within +10 % with values pbtained

in [7], [8], then employment of such an alternative method would not be in conflict with this document.
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START

1. Acquire images while the transducer under test is
translated in the elevational direction over a section of
the specified phantom — 7.1

Y

2. Compute mean pixel values (MPVs) by stepping
a square of area 4 in a raster pattern — 8.2

1

3. Define (MPV),-jk to be the MPV at the ijk-site in a
cubic array - 8.2

Y

4. Determine means and standard deviations
of background signal levels in volume segments
determined by depth intervals — 8.4.1

Y

5. Determine approximate coordinates
of centres of all low-echo spheres in the volume
corresponding to the image data — 8.4\

1

6. Compute mean pixel values (MPV, ) after re-centring
square areas 4 at centres of . low-echo spheres
projected on nearest image planes — 8.2

Y

7. Compute\the LSNR -values in a given
depth interval — 8.4.2

Y

8- Compute the LSNR,,,;-values and standard
errors in a given depth interval — 8.4.1

1

9. Plot LSNR,,,; -values and standard errors
and numbers of low-echo spheres as functions
of depth in the phantom — Annex B

Y

+0—trtet PIC:. p:ub‘ﬁ%ﬁﬂmd mtHmers:
of low-echo spheres as functions of depth — Annex J

IEC
Figure 1 — Flow chart

7.2 Storage of digitized image data

Image data are available on most scanners in a DICOM (Digital Imaging and Communications
in Medicine [9]) format. Software capable of transferring and opening DICOM-formatted images
is available. When bitmap images are available from the scanner, those also can be used.
Factors outlined in 6.4 of IEC 61391-2:2010 apply.


https://iecnorm.com/api/?name=6210e9b1f67f799997ecd0de103a2924

IEC TS 62791:2022 © |IEC 2022 - 23 -

7.3 Digital image files available from the scanner itself

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

7.4 Image archiving systems

Many imaging centres use commerC|aIIy available Plcture Archiving and Communication
PACS
systemjs usually provide means to acquire images in an uncompressed format, such a$ a 'tiff'
(Taggeld Image File Format) or a DICOM [9] format, by workstations that have access rights to
the imgge data.

8 Automated data analysis for quantifying low-echo sphere detectability

8.1 eneral

Using fhe image data obtained as specified in Clause 7 and assiming negligible gradients in
backgrpund MPVs, the human-observer-related detectabilityyequals the mean lesion signal-
to-noige ratio (LSNR,,,) in each one of contiguous volumésegments determined by thg depth

intervdls spanning the entire depth range available [3])[7], [8].

Recall from 3.12 that the lesion signal-to-noise ratio for the nth low-echo sphere (LYNR,) is

a numdrical value quantifying the detectabilityof‘a macroscopically uniform, low-echo gphere
in a macroscopically uniform, surroundingsbackground material [10]. Each depth interval
contains a subset of the N, centres. .Lkow-echo spheres and background materigl have
intrinsjc backscatter coefficients, namely, Mobj and Nbkg: respectively. For a spgherical

inclusign, LSNR, has been defined and discussed extensively [11].

8.2 Computation of mean pixel values (MPV's)

MPV, ds defined in 3.8,-is:the mean of pixel values detected over an area 4 in a phantom
image,|where 4 is somewhat smaller than the area of a circle of diameter D; this ddfinition
allows for partial compensation for the partial volume effect in the elevational dimension [3].

In this gocument,) 4 is a square with side 2D/3 [3]. For each image obtained in accordance with
7.1, a $et of WPVs is computed over areas 4, stepped in a raster pattern in the image|plane,
with centres comprlsmg a 3|mple square array and nearest neighbour spacing of D/4. Thus, for
all ima the transducer under test in the elevational diregtion in
successive steps of D/4, each MPV in a set is associated with one of the sites in a simple, cubic
array.

Define (MPV), ik to be the MPV at the ijk-site, where i, j and k are integers and (D/4)i is the
x-coordinate value (D/4)j is the y-coordinate value, and (D/4)k is the z-coordinate value of the
site. Also, i corresponds to rows, j to columns, and k to the elevational direction, of the cubic
array.
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Next, the coordinates (xcp,» Yomar Zcmn) ©f the centres of low-echo spheres should be
determined (see first paragraph in 8.3.1 and Annex E). The spheres are labelled 1, 2, 3 ... N,,.

Then, for each n, the mean pixel value in the image plane nearest to the nth low-echo sphere
centre for the site having x- and y-coordinates equal to those of the centre (xgpy, and ycum,) is

computed, giving rise to a new set of MPV-values (MPV,), also designated as S|, when

computing lesion signal-to-noise ratios in Formula (2) below. In general, these x- and
y-coordinates will not coincide with the coordinates of any (MPV),,. MPV, is computed over a

square of area 4. (See Figure 2.)

i

Figure 2 is a schematic of an image plane closest to the low-echo sphere centre, containing
three c ic ci i i ii i i iagram
of Figure 2, and examples of stepping square areas A, delineated for computing méan pixel
values (MPV),-jk that are assigned to the array sites (=) centred in each square.

ssigned to image-plane sites in the central cross-hatched area até) excluded from
ions of the background means and standard deviations, while"\MPVs assigned to
image-plane sites in the diagonally hatched area are included, unless they are within a|sphere
of radilis 3D/4 concentric with a different low-echo sphere centre (e:g. at lower right) or are
restricted by linear-array or sector-scan image boundaries. (See Eigure 3 to Figure 6 and 8.3.)
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in the image plane nearest to the nth low-echo sphere centre having coordinates x.y..» Yom, 2

Zoma | S DI8 and Zip is the z-coordinate of points in the image plane.

r circle is a low-echo sphere boundary (physical) ptojected onto the image plane nearest to the
here centre and centred at e. Its radius is D/2.

le circle (mathematical) in the image plane has‘radius 3D/4 and is centred at e — see 8.3.1.
r circle (mathematical) in the image plane'has radius 2D and is centred at e — see 8.3.2.

ne squares (examples) denote areasi4-in the image plane, having sides of length 2D/3 and used to
values that are assigned to the array sites (=) at the centres of those squares — see 8.2.

hed-line square (top) denotes_the area 4 in the image plane (for computing MPVH/.k) prior to ¢
- see 8.2.

ine square in the ¢entre denotes area 4 in the image plane for computing MPV .

lar cross-hatched area (lower right) has radius < 3D/4 and denotes the intersected area of the ima
sphere ofsradius 3D/4 (mathematical) centred at another low-echo sphere, having its centre at z
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IEC

Key
1 vertigal image boundary
D sphefe diameter

The exclpded (MPV)I./.k values are those corresponding to the x's.

Figure 3 — Modification of Figure:2 showing a vertical image boundary (solid line) and a
parallel dashed line, between.which (MPV),-jk values are excluded from computation of

SmBn OF 6, in Formula (2)
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IEC

Key
1 vertigal image boundary
D sphefe diameter

The only|square area 4 depicted is thatjcorresponding to the low-echo sphere centre.

Figure 4 — Limiting case of Figure 3 where the vertical image boundary
is'tangent to the imaged low-echo sphere
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212 pr3

IEC

Key
1 slantpd image boundary
D sphefe diameter

The excluded (MPV)ijk values are those corresponding to the x's. For other boundaries with angles betwegén 0 and

45°, corresponding diagrams apply.

Figure 5 — Modification of Figure 2 showing a 45° sector image boundary (solid [line)
nd a parallel dashed line, between which (MPV);;, values are excluded fron

computation of S, g, or og, in Formula (2)
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1 slantpd image boundary

D sphefe diameter

(MPV).., values at the x's are not included.in the computation of S or gg, in Formula (2).

ijk mBn

Figure 6 — Limiting case of Figure 5 where the 45° sector image
boundary is tangent to the imaged low-echo sphere

8.3 Additional restrictions for sector images
8.3.1 Convex.arrays

Mean pixel yalues (MPV)l.jk assigned to cubic array sites (=) within D/2 of the arc-ghaped

image pboundary at zero depth or within D/2 of the maximum depth for data analysis shquld not
be usefl\in.computations of S5, or og,. The person operating the software code first specifies

a depth interval and a maximum possible depth for data analysis after which the software sets
the maximum depth for data analysis to be the greatest number, d,,,, of depth intervals

allowed by the chosen maximum possible depth.

Also, mean pixel values (MPV)l.j-k assigned to cubic array sites (=) within D/3 of vertical bars,

selected by the operator of the data analysis code to eliminate echoes due to vertical phantom
walls from the image, should not be used in computations of S,g, or og,,.
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8.3.2 Phased arrays

Generally, zero depth in the displayed phased array image is at the vertex of the sector angle
of that displayed image. It is recommended that, after specifying a depth interval extent, the
operator of the code choose an integral number d,,;,,, of depth intervals as the minimum depth

for applying the data analysis; for example, the minimum depth might approximate the width of
the phased array. An arc-shaped boundary will then be defined, and mean pixel values (MPV),-jk
assigned to cubic array sites (=) within D/2 of that arc-shaped boundary should not be used in
computations of Sz, or og,,.

Regarding other exclusions of mean pixel values (MPV)U-k assigned to cubic array sites (=),
see 8.3t fortextimvotving the mmaximumnT deptir for dataanatysis and verticat bars sefetted by
the opgrator of the data analysis code to eliminate from the image the echoes due-toertical
phantom walls.

8.4 Determination of the LSNR,,-value for a given depth interval

8.4.1 Preliminaries

Firstly,|the Cartesian coordinates of the centres of all detectable low-echo sphereg in the
volumeg segment determined by the depth interval label should' be determined. A prgferred
method for accomplishing this is specified in Clause 7 and Annéx E; this is also the method
used irf determining LSNR,,-values as a function of depth in ather annexes.

Secondly, all MPVs that might be significantly influenced by the presence of a neighbouring
low-echo sphere should be eliminated for computation of background means and standard
deviatipns in 8.4.2; that is, for this computation, do'not use any MPV at cubic array si{es that

lie withjn a radius equal to 3D/4 of any low-echo sphere centre, the coordinates of whigh were
determjned in accordance with the last paragraph above or are restricted by linear-grray or
sector-scan image boundaries. (See Figure 3 to Figure 6 and 8.4.2).

The LSNR, for the nth low-echo sphere is defined in [7]:

LSNR, :M (2)

OBn

where,|in terms_of the coordinates of low-echo sphere centres as determined in Annex E,

N is‘ah MPV (also called MPV,) with x- and y-coordinates equal to xcp, and yeom,
racpnr\ﬁ\/nly, for the uth Qphnrn and (nln\/qfinnnl) coordinate r\nrrncpnnr\lin to the
image plane closest to zg)y,,;

SmBn is the mean of all MPVs in the specified image plane whose centres are within the
annulus defined by radii equal to 3D/4 and 2D and centred at the coordinates of S|,
and are subject to limitations involving nearby low-echo spheres not having
coordinates (xcm, Yoemn Zcmn) (See Figure 2) and/or involving nearby image
boundaries (see Figure 3 to Figure 6);

OB, is the standard deviation of all MPV's contributing to S,g, [7].

When LSNR, -values are computed from the low-echo spheres in volume segment d, the results
are designated LSNR,, ;.
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8.4.2 Computation of LSNR,,, for depth interval label d

The LSNR,-value for the volume segment determined by the depth interval label d is then

N,
1 d
n,d=1

NOTE The lower bound of summation and subscript of summand would read n, = 1 and n, respectively, if software

would allow Tt.
where

n,d's cpnstitute a subset of »n's, embracing wherever xc\,., yom, iS @ point in the depth |nterval
d} including the entire elevational extent of the image data set between the first gnd last
image planes. The subset of n,d's does not include sphere centres within D/2| of the
lateral image boundary or within D/2 of the first and last image‘planes;
N; ig the total number of detected low-echo spheres with centres in the volume sggment

determined by the depth interval label 4 (including all image frames) but excluding those
lying within 2D of a phantom boundary.

8.4.3 | Standard error corresponding to each LSNR4 ~value

The stgndard error corresponding to each LSNR,,~value is given by N,~/2 times the sfandard
deviatipn of the LSNR,, ;-values corresponding to-the depth interval involved.

9 Visual assessments of images

9.1 Image comparisons

Low-e¢ho sphere phantoms, particularly those containing high-contrast spheres thgt have
backsgatter coefficients 40 dB lower than the backscatter coefficient of the background
materigl, are useful tools to’make individual image comparisons, for example, when sefting up
transm|t focal zones and other system pre-sets that affect spatial resolution.

The phpntom shouldibe scanned using established and reproducible settings of the ultrasound
scanngr. Either-individual images, or cine loops of image frames acquired during eleyational
translation of the'transducer, as described in 7.1, should be used.

Careful vistGal analysis is done by way of comparisons of resultant images with the|known
properties of the sphere phantom. Figure 7 presents example images of a phantom containing
2-mm low-echo spheres, scanned using a multirow, 1,25-D linear array transducer. The image
on the left was obtained using system pre-sets, including frequency, field of view, gain, dynamic
range, and transmit focus positions, which had been optimized for imaging the breast. No
echoes should appear in the spherical targets, and these do appear to be clearly visualized
down to a depth of approximately 2,5 cm. Although some spheres in the 0 to 2,5 cm zone appear
to contain echoes, the random location of the low-echo targets results in any single scan plane
intersecting these targets away from their centres, leading to this partial fill-in. Utilizing
additional images acquired from uncorrelated scan planes, or viewing a cine loop acquired
during transducer translation can help identify these "partial volume" effects. Beyond the 2,5 cm
depth, low-echo spheres are still seen in the image on the left; however, there appears to be
added, scattered echo artifact fill-in of spherical targets, i.e. low-echo spheres are not as
clearly visualized as at shallower depths.
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Breast preset ; Breast preset change focus

The foc

4l depth-span is indicated on the far right side of each image. The only difference between adg

parameters of the two images was a slight downward shift of the transmit focal depth ef the image on right.

Onem

Figure 7 — Usefulness of simple visual inspection of images
of a standardized low-echo sphere phantom

bthod that might be expected to improve the detail beyond the 2,5 cm depth in F

(left) inpage is to increase the depth of the transmit foci positions. These positions are in

by the
Figure
Figure

order t

hour-glass icons on the right border of each image. In the original image, on the
7, the foci are positioned at depths of 1,2 cm» and 1,8 cm. The image on the
7 illustrates the result of lowering the transmit focal distances to 1,7 cm and 2,

sphere image on the right of Figure 7 illustrates'that in this case, repositioning the trans
did not|/improve the imaging but degraded_it:
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b improve visualization of deeper spheres? However, visual inspection of the low-echo
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Inspecfion of images of standardized’ low-echo sphere phantoms is thus very usgful for

compa

isons of imaging capabilities-of different scanner models, optimizing scanner g

for spegific imaging tasks, and-initial detection of performance deterioration of a scann
transdycer over a period of time!

More guantitative assessments can be done using the methods in 9.2 or, preferably, us

LSNR (

9.2
The fo

esion signal-to-noise ratio) techniques outlined in Clause 8.

$emi-quantitative image analysis

llowing,visual analysis can be done using sets of images or preferably using a ci

acquirdd‘during an elevational sweep as described in 7.1. If a cine loop is employed, t
framestshoutdbe d;op:aycd at-arate—at-which—the—vewercanmake—estimates—of-the—e

displayed zones of different clarity. These zones are defined as follows.
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Zone 1 ranges are depth ranges, or distances from the transducer, over which at least half of
the spheres appear to be clearly outlined as a nearly full-size circle and to be free of echoes.

Zone 2 ranges are depth ranges over which an average of more than one sphere per slice can
be discerned.

Examples of the result of this analysis done on the images presented in Figure 7, are shown in

Figure

NOTE 1

8.

The images shown in Figure 8 are edited to bring the depth scale and transmit focus icons clos

corresponding B-mode images, so the source of degradation of the image on the right is seen.

er to the
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Annex A
(informative)

Example of a phantom for performance testing
in the 1 MHz to 7 MHz frequency range

Figure A.1 and Figure A.2 illustrate a phantom containing low-echo spheres that meets the
specifications in this document.

In Figure A.1 the ends of a conical scanning window for curved arrays are depicted at the top
of the phantom The flat scanning window at the front accommodates linear arrays_ phased
arrays and flat 2-D arrays [2]. Parallel plate-glass rectangles on the left and right sidesrpvide —
via totdll internal reflection — for extension of the image outside of the volume occupied|by|tissue-
mimickjng material.

Dimensions in centimetres

IEC

Key

-

3,5-¢m-radius-of:curvature scan window at TM material boundary
7,5-cm-radius-of-curvature scan window at TM material boundary

0,954cmethick acrylic wall

flat scanning window
3-mm-thick plate-glass reflector

3-mm-thick cork base

N o o~ W N

background at 1 540 ms~" and 0,5 dBcm™" MHz™" with two 3,2-mm-diameter spheres per millilitre

Figure A.1 — End view of the phantom applicable for 1 MHz to 7 MHz showing the
spatially random distribution of 3,2-mm-diameter, -6 dB spheres

Figure A.2 is a top view of the same phantom.
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Dimensions in centimetres

22

IEC

Key
3 0,95{cm-thick.acrylic wall

4 flat spanfhing window

5 3-mm-thick plate-glass reflector
7 background at 1 540 ms~' and 0,5 dBcm™! MHz™" with two 3,2-mm-diameter spheres per millilitre

Figure A.2 — Top view of phantom with 3,2-mm-diameter, -6 dB spheres
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Annex B
(informative)

Illustrations of the computation of LSNR,,,~values
as a function of depth

Figure B.1 shows an image of a prototype phantom having nearly the same dimensions as those
depicted in Figure A.1 and Figure A.2. The phantom contains 4-mm-diameter, —20 dB spheres
randomly distributed throughout its volume. A flat alumina reflector exists in place of one of the
plate-glass reflectors in Figure A.1. The alumina reflector has a slightly rough surface, giving
rise to diffuse echoes at its surface and resulting in the vertical line of elevated echoes on the
left. A parallel, 3-mm-thick, plate-glass reflector exists 10 cm to the right of the alumina plate,
but no lechoes are seen from this smooth, specular surface. The maximum width of th€ sector
image Is 18,6 cm. Rigorous testing for the effectiveness of either plate-glass or aluminalplates,
regarding total internal reflection and the effect of surface diffuse scattering,nis-presented in
Annex F.

A set of fifty images from parallel image planes separated by 1 mm.was obtained with the
convex| array transducer translated perpendicular to the image plane. Analysis specified in
Clause|8 was applied to compute mean pixel values (MPVs) over(square image regions|whose
sides gre 2D/3, identify the image plane closest to the centre®¢of each detected sphefe, and
compule its LSNR.

41fps 13cm

IEC

Figure B.1 — Convex-array image of a prototype 4-mm-diameter,
—20 dB sphere phantom for use in the 1 MHz to 7 MHz frequency range

Figure B.2 through Figure B.8 show auxiliary images and results of analysis, as described in
more detail in the figure and sub-figure captions. In summary, the 50 images were grouped into
two 25-image subsets. "Mean LSNR" (LSNR,;)-values and standard errors were computed for

spheres detected within individual depth intervals in each subset, where the depth interval
extent was 5 mm, yielding plots of Mean LSNR as a function of depth (Figure B.3a). Data from
the two subsets show good reproducibility. Then mean LSNR values and standard errors for all
50 images were computed as a function of depth and results plotted for comparison (Figure B.4).
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a)
verticg

c) Sg

Cropped image from Figure B.1 with the
I line of low-level, diffuse echoes at the flat,
alumina plate's surface removed

IEC

ts of 7 sites identified with a =20 dB sphere
centre in Figure B.1

b) Mapping of MPVs in grey-scale

IEC

d) 5 mm depth intervals distinguished W
different grey levels

Figure B.2 — Auxiliary figures relating to Figure B.1

th
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a) ean LSNR values and standard errors as a b) Number of -20 dB sphere centres detected

function of depth for —20 dB spheres [7], [8], as in each 5 mm depth interval for the two 25-image

determined with two independent sets of 25 images sets

cofresponding to Figure B.1 and Figure B.2

NOTE In a), the ordinate label "Mean LSNR" corresponds to LSNR,_ $4n accordance with the notation aqopted in
8.4.2.

Figure B.3 — Results corresponding to.-Figure B.1 and Figure B.2,
demonstrating reproducibility

In Figure B.4 a) all 50 images are used in_one set; such use is recommended. Figurq B.4 b)
shows [that the number of —20 dB spheres’in the 5 mm-depth intervals in the focal range is
about 25.
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a) Mean LSNR values as a function of depth for b) Number of -20 dB sphere centres detected
-2p dB spheres [7], [8], using all 50 images in each 5 mm-depth interval

corresponding to those in Figure B.3

NOTE In a), the ordinate label "Mean LSNR" corresponds to LSNR_  in(dccordance with the notation adopted in
8.4.2.

Figure B.4 — Results corresponding to Figure'B.1, Figure B.2 and Figure B.3

The evpluation was repeated using a linear-array,transducer, generating 80 images in parallel
planes| each image plane separated by 1/4*of the sphere diameter, or 1 mm in this case.
Figure B.5 is an example of one of the images.

IEC

Figure B.5 — One of 80 parallel, linear-array images of the phantom containing
4-mm-diameter, —20 dB spheres, imaged at 4 MHz with the transmit focus at 3 cm depth
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In Figure B.6 the image data from this plane (image 18), as well as from the two preceding
planes (16, 17), are shown. The green x's indicate the determined centres of the low-echo
spheres identified with the respective images. On images having partially visualized low-echo
spheres, where there is no x, the low-echo sphere centre was identified in an adjacent image
plane.

Figurg B.6 — Three successive images of Qéet of 80 frames addressed in Figur

Analys|s of mean LSNRs was done by d'&ding the 80 images into two sets. In Figure

image

The agreement for the two sets o ta plotted in panel a) is reasonable but should be

16 17 18

N

where imaging planes wer&s parated by D/4 equal to 1 mm

R

set 1 to 40 is independent of th@image set 41 to 80. Error bars indicate standard

e B.5,

B.7 the
errors.
better,

if there|were more low-echo heres contributing to the mean LSNR. Panel b) shows that the

mean nqumber of low-echo spheres in a depth interval is about 7.
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NOTE In a), the ordinate label "Mean LSNR" corresponds to LSNR,_, in accordance with the notation aqopted in
8.4.2.

Figure B.7 — Results for the 4-cm-wide, 3-cm=focus, linear array addressed
in Figure B.5 and Figure B.6 using all.80"image frames in two sets

In Figure B.8 a) mean LSNR and standard errors’are plotted as a function of depth usfing the
data from all 80 images as a single set. The curve-fit is much better from the doubling of the
numbef of low-echo spheres per centimetre'depth interval. Doubling the number of de¢tected
low-echo spheres in the 3 cm focal zone would better define the minimum (most negative)
value df the mean LSNR (LSNR,,;), bulcthe limited area of the window in this phantom prgcluded

obtaining more than 80 images.
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a) |Mean LSNR values as a function of depth b) Number of -20,dB spheres detected
for —20 dB spheres [7], [8] in each 5 mm'depth interval

NOTE In a), the ordinate label "Mean LSNR" corresponds to LSNR,_, in accordance with the notation aqopted in
8.4.2.

Figure B.8 — Results for the 4-cm-wide, 3-cm=focus, linear array addressed
in Figure B.5, Figure B.6 and Figure B.7, using all 80 image frames
corresponding to Figure'B.7 in one set
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Annex C
(informative)

Sufficient number of data images to assure
reproducibility of results

General

In this Annex C evidence is given that the minimum number of data images needed to assure
adequate accuracy of LSNR,,,values is about 25 in the focal zone. Reproducibility using

indepe

C.2

The firg
interva
for two
Both

70 x 0,

ndent (non-overlapping) parts of the phantom is assessed.

Phantom with 3,2-mm-diameter, —20 dB low-echo sphere, havingtwo

ispheres per millilitre

between images is D/4 = 3,2 mm/4 = 0,8 mm. An image is shown in Figure C.1.
cases in which there is no overlap between imaged volunies are shown in Fig
sets contain 70 images corresponding to a net.€levational displacem

intervdl is about 15, instead of 25, but reproducibility is still good.

t example is for a linear array operating at 4 MHz with a focusaat 3’ cm. The eleyational

Results
re C.2.
nt of

8 mm = 5,6 cm. Here the mean number of —-20 dB sphere centres per 5 mm-depth

297ps 12.5cm

IEC

Figure C.1 — One image obtained from a phantom containing 3,2-mm-diameter,

—-20 dB spheres by using a 4 MHz linear array focused at 3 cm depth
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for —20 dB spheres [7], [8]

C.2 — Reproducibility result for two independent sets of 70 images with a
umber of low-echo sphere centres that is;about 15 per 5 mm-depth interva

in each 5 mm-=depth interval
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Mean LSNR values as a function of depth b) Number of -20 dB sphere centres detected

n a), the ordinate label "Mean LSNR" corresponds to LSNR_ , in accordance with the notation adopted in

mean

.3 shows the result when the entire 140{images are used and the average number of
low-echo sphere centres per volume segment'determined by the depth interval is abput 30;
the curpe fit is excellent indicating excellentreproducibility. The net elevational displacement is

,8 mm = 11,2 cm. In Figure C.3_h)the number of low-echo spheres per 5 mm-depth

curve-fit in Figure C.3 a) isgood, as expected.

6.2.1,
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8.4.2.

Figure C.3 — Results obtained by combining)both sets of 70 independent
images corresponding to Figure C.2.into a single, 140-image set

ability {o differentiate performance for different-focusing choices. Two sets, each consisting of
50 images separated by D/4 = 0,8 mm were obtained for three different transmit fgcusing
conditipns. Figure C.4 shows an image with multiple foci at 4 cm, 8 cm and 12 cm; Figlire C.5
shows |the corresponding reproducibility results. Figure C.6 shows reproducibility [results
corresponding to a single, deep focus at 10 cm, whereas Figure C.7 corresponds to a|single,
shallow focus at 4 cm.

The njd reproducibility study involves a convex@rray operating at 4,5 MHz and illustrates the

IEC

Figure C.4 — Sector image (curved array) at 4,5 MHz with multiple transmit foci at 4 cm,
8 cm and 12 cm depths; the —20 dB spheres are 3,2 mm in diameter
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In Figure C.5 a) reproducibility is excellent at a mean number of low-echo sphere centres per
5 mm-depth interval of 25. The lateral focusing at 8 cm and 12 cm is barely evident, focusing
presumably being strongly dominated by fixed elevational focusing at about 4 cm depth.
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IEC
a) |[Mean LSNR values as a function of depth b) Number‘of -20 dB spheres detected
for —20 dB spheres [7], [8] in(each 5 mm-depth interval

NOTE In a), the ordinate label "Mean LSNR" corresponds toLSNR,_, in accordance with the notation aqopted in
8.4.2.

Figure C.5 — Reproducibility results for a multiple transmit-focus
(4 cm, 8 cm and 12 cm) case corresponding to Figure C.4

In Figure C.6 a) reproducibility is excellent at a mean number of low-echo sphere centfes per
5 mm-depth interval of 25. The lateral focusing at 10 cm is not evident, focusing prespmably
being gtrongly dominated by fixed elevational focusing at about 4 cm depth. Notice that there
is a digtinction between thesé results and the multiple-focus case in Figure C.5, namely a
shallower minimum of LSNR ,, at about -7,9 instead of about -8,7 for the multiple-focug case.
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igure C.6 — Reproducibility results for the casecorresponding to Figure C.!
except that there is a single focus at a 10 cm depth

in each 5 mm-=depth interval

opted in

In Figure C.7 a) reproducibility is excellent at .démean number of —20 dB sphere centfes per
5 mm-depth interval of 25. The 10 cm- and 4 'em-focus cases are almost indistinguishable, the
4 mm dase having a slightly deeper minimum' (negative value).
Depth (cm) g A
0 2 4 6 8 10 12 2
0 - = S
. N - 172
ks
12 : 2
z £
B =]
z z
44
6 ;
nz: O For ................................. 10 gl ey
& : + 150 :
| : : : : : :
p * O 1 1 1 i 1 =
g 12 ' ' ' ' : 0o 2 4 6 8 10 12
= / IEC Depth (cm)
IEC

a) Mean LSNR values as a function of depth

NOTE
8.4.2.
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In a), the ordinate label "Mean LSNR" corresponds to LSNR_, in accordance with the notation adopted in

Figure C.7 — Reproducibility results for the case corresponding to Figure C.5,
except that there is a single transmit focus at 4 cm depth
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C.3 Phantom with 2-mm-diameter, —20 dB spheres and eight spheres per
millilitre

Figure C.8 shows an image of a phantom containing 2-mm-diameter, -20 dB low-echo spheres
and eight spheres per millilitre, made with a curved array having 1,5 cm radius of curvature,

with its focus at 3 cm. The C8-5 transducer designation implies that the pulse spectrum lies in
the 5 MHz to 8 MHz range.

§7550620120827 UW Hospital & Clinics C8-5/Ped Abd

T

i
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IEC

Figureg C.8 — Image of a phantom containing 2-mm-diameter, -20 dB spheres, made with
a curved array having a. 15 cm radius of curvature, with its transmit focus at 3 cnm depth

Using this setup, 100 images were obtained in parallel planes separated by D/4 = 0,5 mn]. Mean
LSNR-vplues within.2.mm-depth intervals were computed, first for two 50-image data sets,
then using all 100-images in a single set. Figure C.9 and Figure C.10 show corresgonding
reprodiicibility. results. (See Annex D for diagrams of this phantom.)

AlthoughLSNR,,; reproducibility is reasonable in Figure C.9 a), the plotted points are [spread

more than desired and error bars are rather large. Images 1 to b0 are independent of Images
51 to 100. Note from panel b) that the number of low-echo spheres detected per 2 mm-depth
interval in the focal range is about 15, which is fewer than the recommended minimum of 25.
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dB spheres for each 50-image set [7], [8]

b) Number of -20 dB sphere centres detected
in each 2 mm-depth interval for each 50-imaE

Figure C.9 — Reproducibility results corresponding to Figure C.8

e set

n a), the ordinate label "Mean LSNR" corresponds to LSNR_ , in accordance with the notation adopted in

In Figure C.10 a) the number of -20 dB low-echo“spheres per depth interval in thll:e focal
region (1 cm to 1,5 cm depth range) is about 30-When all images form the data set. The number
of deterted, low-echo spheres per 2 mm-depth interval in the depth range 2,5 cm to3,5 cm
is less than 20, compromising the accuracy-in that range.
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a) Mean LSNR values as a function of depth
for —20 dB spheres using all 100 images
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8.4.2.

in the set [7], [8]

b) Number of -20 dB sphere centres detected

in each 2 mm-depth interval

In a), the ordinate label "Mean LSNR" corresponds to LSNR_ , in accordance with the notation adopted in

Figure C.10 — Results using all 100 images in the image set that gave rise to Figure C.9
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Figure C.11 shows an image of the phantom containing 2-mm-diameter, —-20 dB low-echo
spheres, made with a high-frequency (15 MHz) linear array, using a transmit focus of 4 cm.
200 images from parallel planes were obtained, with a D/4 = 0,5 mm separation between planes.
The entire set of images was divided into two 100-image subsets sets for analysis of mean
LSNRs. Subsequently, all 200 images were analysed as a single set. Figure C.12 and

Figure C.13 show corresponding reproducibility results.

Figu

re C.11 — Image of a phantom-containing 2-mm-diameter, —-20 dB spheres, made
wjth a high-frequency (15 MHz) linear array and a transmit focus of 4 cm depth

In Figure C.12 a) images 1 t0.100 are independent of images 101 to 200. Reproducipility is
demonstrated with about 35-detected low-echo spheres per 2 mm-depth interval|in the

focal-dgpth range, which-again is at the elevational focus of about 1,5 cm.
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Figure C.12 — Reproducibility results corresponding to Figure C.11

In Figure C.13 b) using all 200 images to form¢a set, the number of low-echo spheres per
2 mm-depth interval in the focal region (1 cmito 1,5 cm depth range) is about 70.
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a) Mean LSNR values as a function of depth b) Number of -20 dB spheres detected
for —20 dB spheres [7], [8] in each 2 mm-depth interval

NOTE In a), the ordinate label "Mean LSNR" corresponds to LSNR, , in accordance with the notation adopted in
8.4.2.

Figure C.13 — Results using all 200 images in the image set that gave rise to Figure C.12
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Annex D
(informative)

Example of a phantom for performance testing

in the 7 MHz to 23 MHz frequency range

L3

A

y

IEC

TOP VIEW

END VIEW

Figure D.1 illustrates a phantom containing 2 mm, low-echo (-20 dB backscatter contrast)
spheres. Figure D.2 shows an image made with this phantom, in which the -20 dB low-echo

spheres are clearly visible as black spots without internal reflections.

Key

1

3,5 cm radius of curvature
2 0,5 cm radius of curvature
3 6-mm-thick acrylic wall

4

flat screening window

6 2-mm-diameter —20 dB spheres (eight per millilitre)

5 3-mm-thick alumina reflector

Figure D.1 — End- and top-view diagrams of the phantom containing 2-mm-diameter,

low-echo spheres with a backscatter level —20 dB relative to the background,

for use in the 7 MHz to 23 MHz frequency range


https://iecnorm.com/api/?name=6210e9b1f67f799997ecd0de103a2924

IEC TS 62791:2022 © |IEC 2022 - 53 -

This prototype phantom was produced with one plate-glass reflector and one parallel, alumina
(Al,O3)-plate reflector. The alumina reflector has a very high density and acoustic propagation

speed, providing total internal reflection for angles of incidence as small as 16°, as compared
to about 30° for glass.

In Figure D.2, the C8-5 transducer designation implies that the pulse spectrum lies in the 5 MHz
to 8 MHz range. The vertical set of echoes occur at the surface of the alumina reflector.

67560620120827 UW Hospital & Clinics C8-5/Ped Abd
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IEC

Figurle D.2 — Image of the phantom containing 2-mm-diameter, =20 dB spheres [7], [8]
obtained with a paediatric transducer with a radius of curvature of about 1,5 ¢m
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Annex E
(informative)

Determination of low-echo sphere positions
to within D/8 in x-, y- and z-Cartesian coordinates

Procedure

Preliminarily, the origin of the Cartesian coordinates will be addressed briefly. The origin should
be placed at one of the points in the cubic array, where (MPV),,-values are computed. £ = 0

for the
the nun
(3.9), R
n x-, y4
NOTE 1
without t
the cubi
1) Usi
lab
the
tran
a fu
2) For
at |
sev,
3) Typ
sev,
clug
two

conpbined sets. When a set.of.seven MPV’s or ijk's determined in step 2) does not

with

Cor
the

posjitions designated with +'s are shared by the two sets.

first image in the image data set; therefore, k=0, 1, 2, ..., Nj,, — 1, where N,

hber of images in the image data set. With reference to the definition of depthri
igure 1 and Figure B.2 d, the determination of low-echo sphere positions|to wit
and z-Cartesian coordinates can be accomplished via the following steps‘[7].

Since all Cartesian coordinates have a common factor of D/4, the convention isi/adopted that i
he D/4 factor are taken to mean the Cartesian coordinates iD/4, jD/4 and kD/4;respectively. Also, §
C array site with coordinates iD/4, jD/4 and kD/4.

ng all digitized images and for each volume segment detefmined by the depth i

volume segment, using the entire image set. For images obtained with line
sducers, d depends on the coordinate i, but for thése obtained with sector prob
nction of both i and j (see Figure B.2 d).

each (MPV)Uk, identify the six nearest MPVs and determine whether all seven M]

bast 1,5 standard deviations below the mean established in step 1). Each such
en MPVs is taken to be associated with.adow-echo sphere.

ically, a set of seven MPVs determined in step 2) will overlap with other such
en MPVs found in step 2). Associate each cluster of (MPV)l-jk's — or, equivalentl

ter of ijk's — and number the clusters n = 1, 2, 3, ..., N,. When a site is shared b

another set of seven, then that set is the cluster.

sider, for example, the case in which two sets of seven MPVs or ijk's overlap re
j-coordinate as(sfiown in the i,j plane in Figure E.1 (i, vertical; j, horizonta

‘I
| ® *

equals

hterval
hin D/8

j and k
'k means

hterval

el d, compute the mean M, and standard deviation ¢, of allMPV's with centres Iyinj within

r array
S, d is

Vs are
set of

sets of
, each

etween

or more sets of seven MPIs or ijk's, that site counts as one site in the whole cliister of

bverlap

jarding
). Two

Figure E.1 — Diagram discussed in the second paragraph of 3)


https://iecnorm.com/api/?name=6210e9b1f67f799997ecd0de103a2924

IEC TS 62791:2022 © |IEC 2022 - 55 —

The total number of positions for the computation in step 4) is then ¢, (or t,n) =8 + 4 = 12,
the additional 4 being those positions in the adjacent elevational dimension.
4) For the nth cluster of MPVs or ijk's corresponding to step 3), compute the best estimate for

the position of the nth low-echo sphere centre by computing the Cartesian coordinates of
the "centre of mass" (xcm,» YoM, @Nd zom,) @s in Formulas (E.1), (E.2) and (E.3). Note that

the summation is over all (MPV),;; sites in the cluster, and each site is weighted by the factor
[Md(ij)n,s - (MPV)(z'jk)n,s]'
M yiiyn,s is a very close approximation of the average over MPVs involving background alone.

[See definition of M yijyn.s following Formulas (E.1), (E.2) and (E.3).]

tn . D
¥ l(n,s)Z[Md(U)n,s —(MPV)(ijk)nJ

XCMn = tn (E1)
ZS:1 |:Md(ij)n,s - (MPV)(;'jk)n,s:l
ZZ‘Z1j(n’S)§[Md(ij)n,s _(MPV)([jk)n,sj|
YeMn = - (E-2)
ZS:»] l:Md(ij)n,s - (MPV)(ijk)n,s:|
tn D
Zs’: k(”’s)i M ij n,s_(MPV) ik )n,s
ZCMn = : 4[ ) o } (E.3)

le';[M d(ifyns ~(MP V)(ijk)n,s:|

where
thefe are t, (or t,n) sites_in the nth cluster, the sites are numbered s = 1, 2, ... ¢, and (i,j,k)
identifies the location~of each of the ¢, sites;

(MRV)ijiyn,s 18 the"MPV at the ijk-site in the cluster, as defined in 8.2;

d(ij)n,s is"a specific one of the depth interval labels (1, 2, 3 ..., d,5 — see|3.9.1);

its value for each index in the summation depends on the cluster » and the
coordinates (ij), the latter being determined by the integer s;

M glipis is_the mean of all MPVs with centres lying within _a volume segment

determined by the depth interval label d, using the entire image set, as
defined above;

D is the diameter of the low-echo spheres, as defined in 3.4; D/4 is the distance
between ijk points in the cubic array.

NOTE 1 d can take on different values, differing by £1, in the summation when a cluster is shared between two
adjacent depth intervals. For linear arrays, 4 has no j-dependence.

NOTE 2 Since 3,3 % or less of the tissue-mimicking material in the phantom consists of low-echo spheres (6.2.1.1
and 6.2.1.2), My is only slightly less than the mean value of pure background material.

n,s
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Once the coordinates xcp,» Yom, @nd zom, Of the centre of the nth low-echo sphere are found,

this finding also determines the detected sphere's depth interval label, 4. Spheres belonging
to the same depth interval are included in computing "Mean LSNR"-values (LSNR,,;) using

Formula (3) in 8.4.2. The above process continues for all spheres detected, following steps 1)

and 2)

E.2

above.

Argument for the choice of seven MPV nearest-neighbour sites for
determining the centres of low-echo spheres

Given that the sites involved should approximate a sphere with all sites lying inside a sphere of
diameter_D_and all sites are at least 1 5 standard deviations (rra) below the mean (M

MPVs

vith centres lying within the volume segment determined by the depth interva

steps 1) and 2) in Clause E.1], the possibilities are as follows:

1) as
2) eig

ngle site;

ht sites at the corners of a cube with side D/4;

3) seven sites defining the centre and corners of a regular octahedron.(as employed);

4) nin

A singl

b sites, one at the centre and eight on the corners of a cube.with side D/2.

would frigger an overwhelming number of false positives.

Option

2 is a possible choice with the greatest distance)between two sites (at opposite

of the ¢ube) being (3/16)12 D = 0,43 D.

For opfjon 3 (the one used in the software), the m@ximum distance between sites is D/2,
greater| than for option 2.

The m

consid
dimen{ons and finite pulse-lengthvin the axial dimension — plus partial-volume effects

the sp

pattern

for lesqd detectable low-echo spheres.

Using
segme

Thus, g

pption 3, it was-found that the number of low-echo spheres detected in any
nt determined*by the depth interval generally agrees with the mean number ex

softwale. Option"2 might be addressed in future research for comparison with option 3.

) of all
| d [see

b site (option 1) is unacceptable because random fluctuations in the background gpeckle

torners

slightly

hximum distance between sites~for option 4 is (3/4)V2 D = 0,87 D. This distance is
red to be too large when considering finite beam widths in the lateral and eleyational

due to

erical geometry of the-low-echo inclusions and the statistical nature of the gpeckle
; thus, it is unlikely that'the MPV's at all eight corner sites would be less than M; 1 1,5 g,

volume
pected.

Imost al~spheres detected by human observers in the image sets were detected by the
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Annex F
(informative)

Tests of total internal reflection produced by alumina
and plate-glass, plane reflectors

To test the effectiveness of the plate-glass and alumina reflectors at producing total internal
reflection, such that for sufficiently small angles of incidence (90° being perpendicular incidence)
mode conversion to shear waves or Rayleigh waves does not occur, a phantom was constructed
with parallel alumina and plate-glass reflectors at opposite ends. The phantom was filled with
tissue-mimicking background material (no low-echo spheres). The surfaces of the vertical
plates vere about 23 cm apart and two scanning windows existed on the top of the phantom.
One sdanning window had a 1 cm radius of curvature (ROC), half-cylindrical shape,”¢entred
5 cm from the alumina reflector and the other was flat and had dimensions 5 cm*10 ¢m with
its cen{re line 5 cm from the plate-glass reflector. The curved window provided. for coupling of
a 1 cm-ROC curved array with a sector angle of about 153°, and the flat“window allowed
coupling of a phased array with a sector angle of about 90°. Thus, images$)could be created in
which ¢nly one reflector was imaged and the other side of the image portrayed entirely|tissue-
mimickjng material.

NOTE 1| The alumina reflector in the phantom described had a surface rodghness of 6 ym, according to the
manufacfurer.

Regarding the tissue-mimicking material in the phantom$¢the component materials were the
same gs in the phantoms containing low-echo spheres;.¢except that the volume percentage of
3:1 uIEa-filtered milk was reduced by a fagtor of 4/5 to yield an (attenuation

coefficient)/frequency value of a/f= 0,39 dB cm~! MBz~1 instead of 0,5 dB cm~! MHz1,[so that
the penetration depth was greater, assuringcavailability of sufficient data for anglyses.
Measufements were carried out at 22 °€\'and 5 MHz using a previously degcribed
procedpre [12]. The propagation speed was‘c = 1 539 ms~1, and the attenuation facf{or was
alf = 0,89 dB cm~1 MHz™" (see IEC 623911).

Figure F.1 shows an average over 10 images obtained by using the phased array. Two
rectangular areas 10 mm wide _repfesent areas where mean pixel values over 5 mm Vertical-
depth increments were compuied. The plate-glass reflector is on the left (faint verticalfline of
diffuse|reflections at the surface of the reflector). The reflector effectively extends the| lateral
region pver which echoeswill be detected. The rectangular ROI on the left is just beygnd the
plate-glass reflector, while the ROl on the right is inside the phantom.

NOTE 2| The mean¢pixel value in this Annex F does not refer to MPV over an area, 4, as defined in 3.8. Here it is
computefl over 5 mm-depth intervals within the rectangular regions on the images in Figure F.1.

The twp rectangles have equal dimensions and are at the same positions vertically; hqwever,
one is justito the left of the vertical line of barely visible, diffuse reflections arising at the $urface
of the ptate=gtassreftector(teftside—mthe—mmage)andbothrectangtesaredisptaced by the
same distance from the vertical axis of symmetry of the image. Thus, if total internal reflection
were perfect and the imaging were perfect, then graphs of the mean pixel values over 5 mm
vertical depth increments plotted against vertical depth would be identical for both rectangles.
If there is asymmetry in the phased-array sensitivity, two such graphs would not be identical.
Therefore, the transducer was rotated 180° about a vertical axis and another set of 10 images
was obtained and averaged. With rotation of the transducer, the plate-glass reflector was
located on the right side of the image.

Figure F.2 shows graphs of the mean pixel values plotted against depth for the left and right
rectangles seen in Figure F.1. Note that the mean pixel values within the rectangles are zero
for depths less than 5 cm and greater than 16 cm and are not shown. Figure F.3 shows the
corresponding graphs after rotation of the transducer.


https://iecnorm.com/api/?name=6210e9b1f67f799997ecd0de103a2924

- 58 — IEC TS 62791:2022 © IEC 2022

Frank_tot int rfl testa 9:54:46 AM 12f13/2012
12.12.153.09:39:13-8TD-1.2.12.2. 1107....
MI: 0.8 £ "

The sca
image.

Fi

ning window is 5 cm from a plate-glass reflector, seen as a diffuse vertical line near the left si

gure F.1 — Average of 10 images obtained by using a phased array transdug

IEC

e of the

er


https://iecnorm.com/api/?name=6210e9b1f67f799997ecd0de103a2924

IEC TS 62791:2022 © |IEC 2022

— 59 —

S A
T
=120
[0}
X
e —m Left
[0}
= -~ @ Right
100 ]
° AN
B > /I/ T
/ | 1
/ 4 T
80 @ _ ; il l
e Tav
60
40 T T T T T T T T T T T T T >
4 6 8 10 12 14 16 18
Depth (cm)

IEC

Blue dathp points (squares) were computed from pixel values in theleft rectangle in Figure F.1 and red data points
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Figure F.2 — Mean and standard deviation<of pixel value plotted against dept
from the two rectangular regions seen in Figure F.1
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Blue points (squares) are mean pixel values for the left rectangle in Figure F.1 and red points (circles) are mean
pixel values for the right rectangle, positioned just beyond the location of the alumina reflector.

Figure F.3 — Same as Figure F.2, but for data obtained after the transducer was rotated
180°, so the plate-glass reflector appeared on the right side of the image
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The percentage by which the mean pixel values resulting from reflections differ from the mean
pixel values not involving reflections, when asymmetry of transducer sensitivity is corrected,
can be derived from the data in Figure F.2 and Figure F.3 using Formula (F.1).

22y, <100 (F.1)

where

R; and N; are the mean pixel values on the reflector side and non-reflector side,

respectively, and i = 1 corresponds to the reflector being on one side,cand i = 2
corresponds to the reflector being on the other side.

The results appear in Figure F.4. In the data plotted here, asymmetry of transducer sensitivity
has begen corrected using the method just outlined.

A
10

A

0 \ = - Sy

(%)

Difference
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-10
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IEC

The refldctor \n fthis case is the plate-glass.

FigureF4—Thepercentageby-which-the-mean—pixetvatvesresuiting-fromreflections
differ from the mean pixel values not involving reflections plotted against depth

Figure F.4 addresses the small contrast between the mean pixel value (corrected for
transducer asymmetry) with both the alumina and plate-glass reflectors involved and the mean
pixel value (corrected for transducer asymmetry) without involvement of the reflectors.

Figure F.5, Figure F.6 and Figure F.7 are analogous to Figure F.1, Figure F.2 and Figure F.3,
except in this case the transducer is a curved array with a 1 cm radius of curvature, and the
scanning window is closer to the alumina reflector. The sector angle is about 153°. Total internal
reflection fails for sector angles greater than about 138°, corresponding to angles of incidence
between 69° and 90°, as evidenced in the upper left side of the image in Figure F.5, distal to
the reflector.
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