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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS - HYDROPHONES -

Part 1: Measurement and characterization of medical ultrasonic

fieldsup-to-40-MHz
FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

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

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

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

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes made to
the previous edition IEC 62127-1:2007+AMD1:2013 CSV. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in strikethrough
red text.
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IEC 62127-1 has been prepared by IEC technical committee 87: Ultrasonics. It is an
International Standard.

This second edition cancels and replaces the first edition published in 2007 and
Amendment 1:2013. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition.
a) The upper frequency limit of 40 MHz has been removed.

b) Hydrophone sensitivity definitions have been changed to recognize sensitivities as complex-
valued quantities.

c) Procedures and requirements for narrow-band approximation and broadband
measurements have been modified; details on waveform deconvolution have been added.

d) Procedures for spatial averaging correction have been amended.
e) Annex D, Annex E and bibliography have been updated to support the changes of the
normative parts.

The text of this International Standard is based on the following documents:

Draft Report on voting

87/783/FDIS 87/788/RVD

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 International Standard is English.

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

A list of all parts of IEC 62127 series, published under the general title Ultrasonics —
Hydrophones, can be found on the IEC website.

NOTE Words in bold in the text are terms defined in Clause 3.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.

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

The main purpose of this document is to define various acoustic parameters that can be used
to specify and characterize ultrasonic fields propagating in liquids, and, in particular, water,
using hydrophones. Measurement procedures are outlined that may be used to determine these
parameters. Specific device related measurement standards, for example IEC 61689,
IEC 61157, IEC 61847 or IEC 62359, can refer to this document for appropriate acoustic
parameters. In IEC 62359, some additional measurement methods for attenuated parameters
and indices are described addressing the specific needs of acoustic output characterization of
ultrasonic diagnostic equipment in accordance with IEC 60601-2-37.

The philosophy behind this document is the specification of the acoustic field in terms of
acoustic pressure parameters, acoustic pressure being the primary measurement quantity when
hydrophones are used to characterize the field.

Intensity parameters are specified in this document, but these are regarded as derived
quantities that are meaningful only under certain assumptions related to the ultrasonic field
being measured.
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ULTRASONICS - HYDROPHONES -

Part 1: Measurement and characterization of medical ultrasonic

fields-up-to-40-MHz

1 Scope-and-objeet

This part of IEC 62127 specifies methods of use of calibrated hydrophones for the
measurement in liquids of acoustic fields generated by ultrasonic medical equipment-eperating

in-thefrequency-range—up-to-40-MHz including bandwidth criteria and calibration frequency

range requirements in dependence on the spectral content of the fields to be characterized.

This document:

— defines a group of acoustic parameters that can be measured on a physically sound basis;

— defines a second group of parameters that can be derived under certain assumptions from
these measurements, and called derived intensity parameters;

— defines a measurement procedure that-may can be used for the determination of acoustic
pressure parameters;

— defines the conditions under which the measurements of acoustic parameters can be made
in-the-frequency-range-up-to-40-MHz using calibrated hydrophones;

— defines procedures for correcting for limitations caused by the use of hydrophones with
finite bandwidth and finite active element size, and for estimating the corresponding
uncertainties.

NOTE 1 Throughout this document, Sl units are used. In the specification of certain parameters, such as beam
areas and intensities, it-may can be convenient to use decimal multiples or submultiples. For example, beam area
may is likely to be specified in cm? and intensities in W/cm?2 or mW/cm?2.

NOTE 2 The hydrophone as defined-may can be of a piezoelectric or an optic type.

2 Normative references

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

IEC 60565-1, Underwater acoustics — Hydrophones — Calibration of hydrophones — Part 1:
Procedures for free-field calibration of hydrophones

IEC 61689, Ultrasonics — Physiotherapy systems —Performance—regquirements Field

specifications and methods of measurement in the frequency range 0,5 MHz to 5 MHz
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IEC 62127-2, Ultrasonics — Hydrophones — Part 2: Calibration for ultrasonic fields up to 40 MHz

IEC 62127-3, Ultrasonics — Hydrophones — Part 3: Properties of hydrophones for ultrasonic
fields up to 40 MHz

IEC 63009, Ultrasonics — Physiotherapy systems — Field specifications and methods of
measurement in the frequency range 20 kHz to 500 kHz

ISO 16269-6:2008, Statistical interpretation of data — Part 6: Determination of statistical
tolerance intervals

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62127-2, IEC 62127-

3 and the following apply. %%Md@mﬂens—%ed—t@—s&b&e&s—m—#us—d%ume%t@—be
mooddnoostionlar candical wlirrsond clonion clondeo e

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

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

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

3.1

acoustic pulse waveform

temporal waveform of the instantaneous acoustic pressure at a specified position in an
acoustic field and displayed over a period sufficiently long to include all significant acoustic
information in a single pulse or tone-burst, or one or more cycles in a continuous wave

Note 1 to entry: Temporal waveform is a representation (e.g. oscilloscope presentation or equation) of the
instantaneous acoustic pressure.

3.2

acoustic repetition period

arp

pulse repetition period for non-automatic scanning systems and the scan repetition period
for automatic scanning systems, equal to the time interval between corresponding points of
consecutive cycles for continuous wave systems
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Note 1 to entry: The acoustic repetition period is expressed in seconds (s).

3.3

acoustic-working frequency

acoustic frequency

frequency of an acoustic signal based on the observation of the output of a hydrophone placed
in an acoustic field at the position corresponding to the spatial-peak temporal-peak acoustic
pressure

Note 1 to entry: The signal is analysed using either the zero-crossing acoustic-working frequency technique or
a spectrum analysis method. Acoustic-working frequencies are defined in 3.3.1, 3.3.2, 3.3.3, 3.3.4 and 3.3.5.

Note 2 to entry: In a number of cases the present definition is not very helpful or convenient, especially for
broadband transducers. In that case, a full description of the frequency spectrum-sheuld is expected to be given in
order to enable any frequency-dependent correction to the signal.

Note 3 to entry: Acoustic frequency is expressed in hertz (Hz).

3.3.1
zero-crossing acoustic-working frequency

fawf
number, n, of consecutive half-cycles (irrespective of polarity) divided by twice the time between
the commencement of the first half-cycle and the end of the »n-th half-cycle

Note 1 to entry: None of the n consecutive half-cycles-should are expected to show evidence of phase change.

Note 2 to entry: The measurement-sheuld-be are performed at terminals in the receiver that are as close as possible
to the receiving transducer (hydrophone) and, in all cases, before rectification.

Note 3 to entry: This frequency is determined according to the procedure specified in IEC TR 60854.

Note 4 to entry: This frequency is intended for continuous-wave systems only.

3.3.2
arithmetic-mean acoustic-working frequency

f awf

arithmetic mean of the most widely separated frequencies f; and f,, within the range of three
times f;, at which the-magnritude level of the acoustic pressure spectrum is 3 dB below the peak

magnitude level

Note 1 to entry: This frequency is intended for pulse-wave systems only.

Note 2 to entry: It is assumed that 1, < f,.

Note 3 to entry: If £, is not found within the range < 3f, 1, is to be understood as the lowest frequency above this
range at which the spectrum-magnitude level is 3 dB below the peak-magnitude level.

3.3.3

magnitude-weighted acoustic-working frequency

fawf

frequency weighted with the spectral acoustic pressure magnitude in the frequency range where
the spectral pressure level is equal to or larger than 3 dB below the peak level

d - _
St =M with [P(f)|= |P(f) Ipr(f?ZmaxLP(f) 3dB "
JECr)or 0 otherwise
where
4 is the frequency of the acoustic pressure spectrum;

[P(f)| is the modulus of the complex-valued spectrum of the acoustic pulse waveform;



https://standards.iteh.ai/catalog/standards/iec/3581f6de-7675-478e-a6d0-b0dbd29bd5a9/iec-62127-1-2022

-12 - IEC 62127-1:2022 RLV © IEC 2022

P ) g

ref

Lp(f) is the pressure level spectrum given from Lp(f)=20logyg with Po; = 1 Pa.

Note 1 to entry: This frequency is intended for pulse-wave systems only.

Note 2 to entry: The integrals in Formula (1) are definite, to be taken from the minimum to the maximum of the
acquired signal spectrum.

Note 3 to entry: The restriction to the range with pressure levels equal to or larger than -3 dB of the peak level is
required to avoid the influence of higher harmonic frequencies on the acoustic-working frequency.

Note 4 to entry: Definition 3.3.3 leads to more stable acoustic-working frequency results than definition 3.3.2 if
there are peaks in the acoustic pressure spectrum close to the =3 dB threshold. This is particularly relevant for the
determination of derated field parameters as required in IEC 62359 using a single derating factor depending on the
acoustic-working frequency.

3.34

peak pulse acoustic frequency

o

arithmetic-mean acoustic-working frequency of the pulse with the largest peak negative
acoustic pressure measured at the point of maximum peak negative acoustic pressure

NOTE _Peak pul . . . _

3.3.5

time temporal-average acoustic frequency

h

arithmetic-mean acoustic-working frequency of the time averaged acoustic pressure
spectrum of the acoustic signals measured at the point of maximum temporal-average
intensity

NOTE _Ti o f . . _

3.4

azimuth axis

axis formed by the junction of the azimuth plane and the source aperture plane
(measurement) or transducer aperture plane (design)

SEE: Figure 1

[SOURCE: I[EC 61828:20042020, 3.7]
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