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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS - PULSE-ECHO SCANNERS - LOW-ECHO
SPHERE PHANTOMS AND METHOD FOR PERFORMANCE
TESTING OF GRAY-SCALE MEDICAL ULTRASOUND SCANNERS
APPLICABLE TO A BROAD RANGE OF TRANSDUCER TYPES

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardi tlon comprising
all national electrotechnical committees (IEC National Committees). The objectN of to promote
international co-operation on all questions concerning standardization in the eleg{fi
this end and in addition to other activities, IEC publishes International Standards\JTech

Technical Reports, Publicly Available Specifications (PAS) and Guides (herea as “IEC

with the International Organization for Standardization (ISO) i
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matté
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3) IEC Publications have the form of recompienta
Committees in that sense. While all reasonable
Publications is accurate
misinterpretation by any end user

4) In order to promote international uniformit C i € ittees undertake to apply IEC Publications
transparently to the maximum_extent possy hei ationa!” and regional publications. Any divergence
between any IEC Publicati esSpo |ona| or regional publication should be clearly indicated
in the latter

5) IEC itself does not proyide_a Independent certification bodies provide conformity
assessment services and essNo IEC marks of conformity. IEC is not responsible for any
services carried

6) All users should

7) No liability should at directors, employees, servants or agents including individual experts and
members of its te i and IEC National Committees for any personal injury, property damage or
other damage of 3 R , whether direct or indirect, or for costs (including legal fees) and
expenses apising. oMt of the\ pubhcation, use of, or reliance upon, this IEC Publication or any other IEC
Publications

8) Attentign is
indispe

The main task i i i International Standards. In

exceptional circumstdnces, a technical committee may propose the publication of a Technical
Specification when

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

Technical Specification IEC TS 62791 has been prepared by IEC technical committee 87
Ultrasonics.


https://standards.iteh.ai/catalog/standards/iec/35a8883d-b694-4da1-b9d4-4f124cfce425/iec-ts-62791-2015

IEC TS 62791:2015 © IEC 2015 -7-

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

DTS Report on voting
87/554/DTS 87/570/RVC

Full information on the voting for the approval of this Technical Specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

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

e transformed into an International standard,
e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour |nS|de | go
that it contains colo
understanding of |ts . Us
colour printer.

over page of this publication indicates
to be useful for the correct
refore print this document using a

A bilingual version be issued at a later date.
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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. Generally, the sweep that generates an
image frame is repeated at least 20 times per second, giving rise to the real-time aspect of
the displayed image. The axes of the pulsed beams generally lie in a plane that defines the
scan plane.

Various transducer types are employed to operate in a transmit/receive mode to
generate/detect the ultrasonic signals. Linear arrays, in which the beam (axes™are all parallel

to one another, resulting in a rectangular image, consist of a line o of parallel
transducer elements with a subset of adjacent elements producing a time.
Convex arrays are similar to linear arrays but the element arrang i of the
surface of a short right circular cylinder with the array eleme s of the
cylinder. The radius of curvature of the cylinder (and therefoxe th an pave values

between 0,5 cm and 7 cm. The convex array generates a see ] Dsi e thle beam axes
ents, where all
elements act together to form a pulse and the directi - emitted pulse is

scafiner in which a single
t a fixed axis during pulse

image. Another type of sector scanner is the
element transducer or an annular array

can produce images corre 8 i rface in that volume. A 3- D mechanically
driven, convex array (3 § a convex array that acquires images as it
is rotated mechanicall a i ing\in 1tS image plane or an extension of that plane.

A 3-D mechanic ine 3y (8-D MD linear array) is similar to a 3-D MD convex
array, where the dIUS of cuxvatixe Y5 infinite and the array is either rotated about an
axis or is translated«p ) [ te scan plane of the linear array. For an overview of

a small cyst-like (low-echo) object is distinguished from the
surrounding “soft NS \e. the degree to which a small cyst-like (low-echo) object is
detectable tr_thexsurrotmgding 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 wik delineate the boundary of an abnormal object, such as a tumour. 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 also to
the scan plane).

Axial resolution usually — but not always — is better than lateral and elevational resolutions.
Thus, all three components should be given equal weight in measuring detectability. A
sphere has no preferred orientation and is therefore the best shape for a cyst-like object for
two reasons. First, all three components of resolution are weighted equally no matter what the
beam’s incident direction is. Second, the incident beam’s propagation direction will vary

1 The numbers in square brackets refer to the Bibliography.
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considerably in the case of convex and phased arrays depending on where the object exists
in the imaged volume.

It is important that the phantom allows quantification of detectability to be carried out over
the entire depth range imaged; thus, it is important that the low-echo spheres exist up to the
entire scanning window. A phantom limited to a flat scanning surface is acceptable for a linear
array, phased array, or a flat 2-D array, but not for the remaining types of arrays. Each of the
phantoms described in this Technical Specification contains a random distribution of equal
diameter [2], low-echo spheres existing at all depths, including the case of those designed for
testing convex (curved) arrays.

This Technical Specification summarizes the requirements for a phantom to provide for
determination of detectability of low-echo (cyst-like) objects for any
transducer, except (perhaps) a 2-D array with a spherical-cap surface.

The International Electrotechnical Commission (IEC) draws attentj s t it is
claimed that compliance with this document may involve the usé af e ,212 and
8,887,552, concerning an “Automated System and Metho i olution of
Ultrasound Scanners” and an “Ultrasound Phantom Having a respectively,

given in 8.2 and 8.3, and Annexes A and D.
IEC takes no position concerning the evidence, validi

The holder of this patent right has assg
under reasonable and non-discriminato
world. In this respect, the statement of
Information may be obtained from:


http://www.iso.org/patents
https://standards.iteh.ai/catalog/standards/iec/35a8883d-b694-4da1-b9d4-4f124cfce425/iec-ts-62791-2015
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ULTRASONICS - PULSE-ECHO SCANNERS - LOW-ECHO
SPHERE PHANTOMS AND METHOD FOR PERFORMANCE
TESTING OF GRAY-SCALE MEDICAL ULTRASOUND SCANNERS
APPLICABLE TO A BROAD RANGE OF TRANSDUCER TYPES

1 Scope

This Technical Specification defines terms and specifies methods for quantifying the imaging
performance of real-time, ultrasound B-mode scanners. The types of trg sers used (see
sections 7.6 and 10.7 of [1]) with these scanners include

a) phased array,

b) linear arrays,

C) convex arrays,

d) mechanical sector scanners,

e) 3-D probes operating in 2-D imaging mode (see A

f) 3-D probes operating in 3-D imaging mode fo sets of reconstructed

2-D images (see Annex K).

The test methodology is applicable ers operatiy

frequency range.

g in the 2 MHz to 15 MHz

2 Normative referenceé

The following documents s-rilormatively referenced in this document and
are indispensableAor it gation. o dat references, only the edition cited applies. For
undated refere ~ referenced document (including any
amendments) applié

IEC 60050-802, te
http://www.eleefropedia.

ectrotechnical Vocabulary — Ultrasonics (available at:

Pulse-echo scanners — Part 1. Techniques for calibrating spatial
measurem measurement of system point-spread function response

IEC 61391-2:2010,MMtrasonics — Pulse-echo scanners — Part 2: Measurement of maximum
depth of penetration and local dynamic range

3 Terms and definitions

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

3.1
active area of a transducer
area over which transducer transmitting and/or receiving elements are distributed
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3.2

backscatter coefficient

intrinsic backscatter coefficient

BSC

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

Note 1 to entry: See [4], [5], [6].

[SOURCE: IEC 61391-1:2006, 3.6, modified]

3.3

low-echo sphere
spherical inclusion in a phantom with backscatter coefficient much
background tissue-mimicking material

that of the

Note 1 to entry: All low-echo spheres in a phantom have the same diameter wi

3.4

low-echo sphere diameter

D

diameter of the low-echo spherical inclusions in a phgntom

Note 1 to entry: It is generally assumed that,all low-e
diameter D. The diameter tolerance is £1 %.

icular phantom have the same

3.5
pixel

Note 1 to entry:

Note 2 to entry: Pixel is ajco

3.6
pixel value

integer valug
provided to

positive integer, commaqnly called the bit depth. Thus, if M = 8, the largest pixel value 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
ultrasound image

3.8

mean pixel value

MPV

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

Note 1 to entry: The phrase “somewhat less than” is introduced as partial compensation for the partial volume
effect in the elevational dimension [3].

Note 2 to entry: The partial volume effect is a term common in CT and MR imaging, namely if an object is smaller
than the slice thickness, then the signal will include the contribution of that object and the material around it. For
example, if the object is a sphere, then contribution to the signal will occur from material surrounding the sphere
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and in a cylinder with radius equal to that of the sphere and perpendicular to the slice. In the ultrasound case, the
slice corresponds to the elevational beam profile.

3.9

depth interval

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

Note 1 to entry: Experience determining LSNR _-values for numerous cases has led to the conclusion that a 5 mm-
depth interval is adequate for the phantoms containing 3,2 mm-diameter and 4 mm-diameter, low-echo spheres,
and a 2 mm-depth interval is adequate for the phantoms containing 2 mm-diameter, low-echo spheres.

Note 2 to entry: The maximum depth (depth of field) is the sum of a set of contiguous depth intervals; thus, if the
depth of field is 14 cm and each depth interval spans 5 mm = 0,5 cm, then there are 14 cm/0,5 cm = 28 depth
intervals.

scamarea will be
[see Figure B.2 d)].
e segments anajogous to

Note 3 to entry: A rectangular scan area will be subdivided into horizontal band
subdivided into annular ring segments, the angular limits being determined by the
Rectilinear projection of these area segments in the elevational direction will create
slabs and partial cylindrical shells with thickness equal to the depth interval, respect

Note 4 to entry: Depth interval is expressed in millimetres (mm).

3.10

detectability
numerical value quantifying the probability that a himah™
image having background speckle

a

etect an object in an

3.11

lesion signal-to-noise ratio for the nth

LSNR,

numencal value quantifying the detec ab| copically uniform, low-echo sphere
in a macroscopically uniférim, su k material and having its centre in a
volume segment determine rval in the phantom

Note 1 to entry: Low»ec i 3 ed less than a distance, 2D, from a lateral image boundary
are excluded. G

3.12

mean lesion signa

LSNR,,

mean value of te i te-noise ratios for low-echo spheres whose centres lie in a
volume segme a given depth interval in the phantom

Note 1 to en
are excluded.

4 Symbols
Symbol Meaning Clause

A area in an image plane selected for calculation of MPV 3.8

BSCopj, BSChyg backscatter coefficient 3.2

D low-echo sphere diameter 34

d integer for counting depth intervals E.1

i,j, k integers corresponding to rows and columns and the 8.2
elevational direction of the cubic array, respectively

i (in Annex F) index taking values 1 or 2 to indicate one side or opposite | Formula
side of a phantom, where a reflector is situated (F.1)
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