IEC 62127-1:2022-03 RLV(en)

IEC 62127-1

Edition 2.0 2022-03

INTERNATIONAL
STANDARD
S
.@‘f
\q,/\,'\‘ @ o
SV

Ultfasonics — Hydrophones —

40-MHz

Part 1: Measurement and characterization Qﬁedical ultrasonic fields-up-tq

N

A

»



https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2022 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

IEC Secretariat Tel.: +41 22 919 02 11
3, rue de Varembé info@iec.ch

CH-1211 Geneva 20 www.iec.ch
Switzerland

About|the IEC
The Ifternational Electrotechnical Commission (IEC) is the leading global organization that prepares andvpublishes
Interngtional Standards for all electrical, electronic and related technologies.

Abouf IEC publications
The tgchnical content of IEC publications is kept under constant review by the IEC. Please make Sure that you hgve the
latest pdition, a corrigendum or an amendment might have been published.

IEC pyblications search - webstore.iec.ch/advsearchform IEC Products & Services Portal, - products.iec.ch
The adlvanced search enables to find IEC publications by a  Discover our powerful seargh ghgine and read freely|all the
variety] of criteria (reference number, text, technical publications previews. With, a subscription you will plways
commiftee, ...). It also gives information on projects, replaced have access to up to dat€)content tailored to your needs.
and withdrawn publications.

. . . . Electropedia - wivw.€lectropedia.org
IEC Jyst Published - webstore.iec.ch/justpublished The world's leading online dictionary on electrotechiology,
Stay up to date on all new IEC publications. Just Published  containing mere than 22 300 terminological entries in English
details| all new publigations released. Available online and and French, with equivalent terms in 19 additional languages.
once g month by email. Also krfiown as the International Electrotechnical Vocgbulary

(IEVY online.
IEC Cuystomer Service Centre - webstore.iec.ch/csc

If you |wish to give us your feedback on this publication or
need flrther assistance, please contact the Customer Service
Centrd: sales@iec.ch.



https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

IEC 62127-1

Edition 2.0 2022-03
REDLINE VERSION

INTERNATIONAL
STANDARD

“ colour
inside

Ultfasonics — Hydrophones —
Pa% 1: Measurement and characterization 6f medical ultrasonic fields-up-t¢

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 17.140.50 ISBN 978-2-8322-1093-7

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

-2- IEC 62127-1:2022 RLV © IEC 2022

CONTENTS

FOREWORD ....ciiiiie ettt e et e e et e e e e e e et e e e e e e e et e e e e e e e e eanaeenns 6
LN I O 15 1 L@ 1 ] P 2
1 S TeTo] oo To ae c Y PPN 9
2 NOIMALIVE FEFEIENCES ... et 9
3 Terms and definitions ... e 10
A SYMIDOIS i e 16
5 Measurement requIremMeNnts ... A .38
5/ Requirements for hydrophones and amplifiers............ccccooiiiiiiiiiii i N ...38
5.1.1 tatroduction Preface ..o ) ...38
b.1.2 GeNEral ..o s 38
5.1.3 Sensitivity of a hydrophone...........coooiii i ...39
b.1.4 Directional response of a hydrophone............ccooooo A, ...39
b.1.5 Effective hydrophone+radius size ........ocoovvvvevenn L B ...39
b.1.6 Choice of the size of a hydrophone active element (...l ...40
b.1.7 Bandwidth.......ooiiii A N .41
b.1.8 Linearity ..o N ...42
b.1.9 Hydrophone signal amplifier ... S ...44
b.1.10 Hydrophone cable length and amplifierS ..., ...45
5P Requirements for positioning and water baths.................. ...45
b.2.1 GENEIAL .. N e ...45
p.2.2 Positioning systems ... ...45
b.2.3 Water bath. ... ...46
5.8 Requirements for data acquisition and analysis systems...............cccooiiiiiinnni. .47
54 Recommendations for ultrasonic equipment being characterized....................... ...48
6 MeEeasuremMent ProCEAUIE ... et ...48
6./ LT =T = Y e ...48
6.R Preparation and.alignment ... ...48
5.2.1 L =T 0 F= T = T o ...48
5.2.2 Aligning-an ultrasonic transducer and a hydrophone.............cccoeiiiinne. ...48
6.B == TS = 1 = o ...49
6.4 AN AN TS e ...49
5.4.1 Corrections for restricted bandwidth and spatial resolution ........................ ...49
5.4.2 UNCertainties oo e ...49
7 Beam characterization .............ocesieieiiiiii i ...49
7.1 L= o= ¥ S 49
7.2 Primary pressure Parameters ... 51
7.2.1 LT o= = | P 51

7.2.2 Peak-compressional acoustic pressure and peak-rarefactional acoustic
=TT U1 = T 52
7.2.3 Spatial-peak RMS acoustic pressure ... 52
7.2.4 Local distortion parameter ... ... 53
7.3 Intensity parameters-using-instantaneous derived from acoustic pressure............. 53
7.3.1 GBNEI Al e 53
7.3.2 Intensity parameters using pulse-pressure-squared integral .......................... 54
8 Requirements for specific ultrasonic fields ... 57


https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

IEC 62127-1:2022 RLV © IEC 2022 -3-

8.1 LT a1 =Y PP 57
8.2 DiIiagnostic fIelds ... 57
8.2.1 Simplified procedures and guidelines...... ... 57
8.2.2 Pulsed wave diagnostic equipment ... 58
8.2.3 Continuous wave diagnostic equipment ... 59
8.2.4 Diagnostic equipment with low acoustic output ... 59
8.3 Therapy flelds ... 59
8.3.1 Physiotherapy equUipment. ... ..o 59
R Hyperthermia——rreeer e e e e e
3.2 High Tntensity therapeulic ultrasoniC T1elds ... .. e eeeeeneee A ...60
B.3.3 Non-focused and weakly focused pressure pulSes ...........ccooeeiiiiiiiinc N - ...61
8.4 SUPGICaAl fIElAS ..ot ...61
B.4.1 Lithotripters and pressure pulse sources for other therapeutic purposes....|...61
B.4.2 Low frequency surgical applications............cccoceviiiiiiiiiiiiii b, ...61
8.p Fields from other medical applications ... et e ...61
9 Pomplianee Conformity statement ... b, ...61
91 GeNEral .. e ...61
9.p Maximum probable values..........c.cooeviiiiiiiiii s L ...62
9.8 SaAMPIING . M ...62
Annex A (informative) General rationale.............oooiiii o i ...63
Annex B (informative) Hydrophones and positioning .o e ...65
B .1 LT =Y 1= = ¥ ...65
BJ2 Electrical loading considerations ....... 00 e ...65
B3 Hydrophone signal amplifier..... .. add ...65
B/ Hydrophone cable length and amplifiers.........ccoooooiiiiiiin e, ...65
B5 Transducer POSItiONING ... ..l ...66
B.6 Alignment of hydrophonNES.. ... ... i ...67
B/ Water bath lining material ... ...67
B.8 Recommendations-for-ultrasonic equipment being characterized....................... ...68
B.9 Types of hydrophOmES.. ... e ...68
B8.9.1 Ceramictpeedle hydrophones ... ...68
B8.9.2 PVDF needle hydrophones ..o ...68
B8.9.3 PVDF membrane hydrophones ..........ccoiiiiiiiiiiii e ...69
B8.9.4 Fibre-optic and optic hydrophones ....... ..., ...69
B.9.5 Relative performance of different types.........ccooiviiiiiiii i, ...70
B.10, \_Typical specification data for hydrophones..............coi . ...70
Anngx C’(informative) Acoustic pressure and intensity........o.oeeveeeiieeiieeiiieiiieiiieiiieeeien, .12
Annex D (informative) Voltage to pressure CoONVersion ..........ooiviiiiiiiiiiiiiiiicc e 74
D.1 (CT=T o T=Y = | PPN 74
D.2 Hydrophone deconvolution procedure ....... ... 75
D.3 Converting the data between double-sided and single-sided spectra..................... 77
D.4 Use of hydrophone calibration data...........c..cooiiii 79
D.41 Calibration data interpolation ..o 79
D.4.2 Calibration data extrapolation ... 79
D.4.3 Regularization filtering ... 80

D.5 Implication of the hydrophone deconvolution process on measurement
Lo 1] =1 (1 o PPN 79
D.6 Validation of deconvolution implementation..............oo 82


https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

-4 - IEC 62127-1:2022 RLV © IEC 2022

Annex E (informative) Correction for spatial averaging...........ccovveiiiiiiiiiiiiiii e 83
E.1 Linear and quasilinear fields ... ..o 83
E.2 Linear fields, quasilinear fields, and broadband nonlinearly distorted

WAV B OIS Lot 85

Annex F (informative) Acoustic output parameters for multi-mode medical ultrasonic

fields in the absence of scan-frame synchronization ... 88
F.1 LT a1 = PP 88
F.2 Current philoSOPNY ... 88
F.3 Need for-change an alternative approach.........ccoooiiiiiiiiii e 89
F.g Proposedshamges approati ...89

-.4.1 Alternative philoSophy ... ...89
-.4.2 Alternative parameters.......ccooveiiiii e e e ...90
F.b Measurement methods............o L .91
-.5.1 GeNeral ...o.oiieiiiei e L T ... 91
-.5.2 Peak PresSSUreS ..o e ...92
-.5.3 Temporal-average intensity .......cc.coooviiiiniinnn WO ...92
-.5.4 FreqQUENCY ..o e nf e, ...92
-.5.5 P OW BT e T e ...93
F.b DiISCUSSION L.t K At ettt ettt ...93
-.6.1 Relationship to existing standards .............mh i ...93
-.6.2 AdVaNtages ..o ...93
-.6.3 Disadvantages......cocooviviiiiiiine e Y ...93

Anngx G (informative) Propagation medium and d€gassing........cccoeeuiiiiiiiiiiiiinieneeeenn, ...95

Anngx H (informative) Specific ultrasonic fields. .. ... ...96
Hl1 DiIiagnostiC fieldS ..oouiniei i e ...96

H.1.1 Useful relationships between acoustical parameters...............cccooiiin. ...96
H.1.2 Pulsed wave diagnosticiequipment ..o .97
H.1.3 Continuous wave diagnostic equipment ... ...98
HJ2 Therapy flelds ... ...l ...98
H.2.1 Physiotherapy equipment. ... ... ...98
H22—— S e
H.2.2 High intensity therapeutic ultrasonic equipment ..., ...98
H.2.3 Non-fecused and weakly focused pressure pulses ...........ccocceiiiiiiiiinenn. .99
HJ3 SUIGICAI fIEIAS ..ot e ...99
H.3.1 Y Lo {0 (= = P ...99
H.3.2 Low frequency surgical applications...........cccooiiiiii ...99

Annex\J<(informative) Assessment of uncertainty in the acoustic quantities obtained by

hydrOpPNONE MEASUTEIMENTIS ... oo oo e e s s e e e e e e e e er e srnsarneaensea e ses e arneareerarreaaaennen 100
1.1 LT =Y o =T ¥ 100
1.2 Overall (expanded) UNCEraINtY ........c.viuiiiiiiiii e 100
1.3 Common sources of uncertainty ..o 100

Annex J (informative) Transducer and hydrophone positioning systems......................o....l. 102

Annex K (informative) Beamwidth midpoint method............coooiiii i, 103

BB O G AP Y . e 36

Figure 1 — Schematic diagram of the different planes and lines in an ultrasonic field ........... 14

Figure 2 — Several apertures and planes for a transducer of unknown geometry ................... 28


https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

IEC 62127-1:2022 RLV © IEC 2022 -5-

Figure 3 — Parameters for describing an-example-of a focusing transducer of known

[ Lo 1 = {17/ 33
Figure 4 — Schematic diagram of the method of determining pulse duration .......................... 51
Figure D.1 — A flow diagram of the hydrophone deconvolution process .............cccoeeieeneennnen. 77
Figure D.2 — Example of waveform deconvolution ..o, 81
Figure J.1 — Schematic diagram of the ultrasonic transducer and hydrophone degrees

Lo =Y =To [0 o o 102
Table_1 — Acoustic parameters appropriate to various types of medical ultrasonic

1= LU 1T« Yo 0= o 1 PP, | ...50
Tablg B.1 — Typical specification data for hydrophones, in this case given at

LI 2 1 ) PR S P .71
Tablg¢ C.1 — Properties of distilled or de-ionized water as a function of temperature [71]...]...73
Tabl¢ D.1 — Method of conversion from a double- to a single-sided spectrum ."................ ... 78
Tabl¢ D.2 — Method of conversion from a single- to a double-sided speetrum .................. ...78
Tablg¢ F.1 — Main basic parameters defined in this document or in IE€ 61161.................. ...89
Tablg F.2 — List of parameters that are to be used or are to be deleted............................ 91
Tabl¢ K.1 — Decibel beamwidth levels for determining midpoints ..............cocoeviiiiiiiininns. .103



https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

1

2)

3)

4)

5)

6)

7)

8)

9)

-6 - IEC 62127-1:2022 RLV © IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS - HYDROPHONES -

Part 1: Measurement and characterization of medical ultrasonic

fieldsup-to-40-MHz

2022

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promtote interna
cofoperation on all questions concerning standardization in the electrical and electronic fields | o this er
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEG, Publication(s)").

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject deqt with

may participate in this preparatory work. International, governmental and non-goverpmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the\lntérnational Organizat
Standardization (ISO) in accordance with conditions determined by agreement.between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible_forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢

expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

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

c) Procedures and requirements for narrow-band approximation and broadLband
easurements have been modified; details on waveform deconvolution have been ad

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

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

Draft Report on vating

87/783/FDIS 87/788/{RVD

Full information on the voting for its approval can be{found in the report on voting indicafed in
the apove table.

The llanguage used for the development of this International Standard is English.

This [document was drafted in accordanee with ISO/IEC Directives, Part 2, and developgd in
accofdance with ISO/IEC Directives,~Part 1 and ISO/IEC Directives, IEC Supplement, available
at wyvw.iec.ch/members_experts/refdocs. The main document types developed by IEQ are
descfibed in greater detail at www.iec.ch/standardsdev/publications.

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

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

The ¢ommittee has decided that the contents of this document will remain unchanged unfil the
stability date.indicated on the IEC website under webstore.iec.ch in the data related tp the
speclfic.document. At this date, the document will be

. confirmed;

-

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
acousptic pressure parameters, acoustic pressure being the primary measurement quantity when
hydrgphones are used to characterize the field.

Intensity parameters are specified in this document, but these are regarded as defrived
quantities that are meaningful only under certain assumptions related torthe 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 _fof the
meagurement in liquids of acoustic fields generated by ultrasonic medical equipment-eperating

in-the¢ frequency-range-up-to-40-MHz including bandwidth criteria and calibratiogn<freqyency

rang¢ requirements in dependence on the spectral content of the fields to be characterizgd.

This document:

— dgfines a group of acoustic parameters that can be measured on a‘physically sound bpsis;

— dgfines a second group of parameters that can be derived undericertain assumptions|from
these measurements, and called derived intensity parameters;

bfines a measurement procedure that-may can be used\for the determination of acqustic
ressure parameters;

-the frequenecy-range-up-to-40-MHz using calibrated hydrophones;

efines procedures for correcting for limitations' caused by the use of hydrophones] with
finite bandwidth and finite active element\size, and for estimating the corresponding
hcertainties.

d
p
— dgfines the conditions under which the measurements of acoustic parameters can be made
in
d

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

NOTE|2 The hydrophone as defined-fray 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 coptent
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 A400501801:1994
L A AS) - A= —a C A= an pn A~ A ¢

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 ¢2127=-3Uftrasonitcs — Hydrophiones — Part 3. Properties of Nyarophomnes for aftrasonic
fieldg up to 40 MHz

IEC 3009, Ultrasonics — Physiotherapy systems — Field specifications and |methods of
meagurement in the frequency range 20 kHz to 500 kHz

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

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

3 Terms and definitions

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

3 and the following apply. mmewdes—deﬂmhens—%ed—te—subfeets—m—tms—deeumen%te—be
usediin-particular medical ulirasound-device-standards-

ISO Ind IEC maintaifi ferminological databases for use in standardization at the follqwing
addresses:

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

$0 Online’browsing platform: available at http://www.iso.org/obp

3.1
aCOUSﬁ‘Vpﬂ"'SG'W'avcfuuu
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


http://www.electropedia.org/
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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 3 to entry: In a number of cases the present definition is not very helpful or convenient, especidlly for
broadpand transducers. In that case, a full description of the frequency spectrum-sheuld is expected to be.given in
order [o enable any frequency-dependent correction to the signal.

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

3.3.1
zeroicrossing acoustic-working frequency

f awf

number, n, of consecutive half-cycles (irrespective of polarity) divided\by twice the time betveen
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 expectéda show evidence of phase change.

Note 3 to entry: The measurement-sheuld-be are performed at terminals-in the receiver that are as close as pgssible
to the|receiving transducer (hydrophone) and, in all cases, before~rgctification.

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 fhree
timeg f4, at which the-magritudellbvel of the acoustic pressure spectrum is 3 dB below the |jpeak
maghitude level

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

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

Note 3 to entry: Jf)f,Ms not found within the range < 3f, 1, is to be understood as the lowest frequency aboye this
range |at which the) spectrum-magnitude level is 3 dB below the peak-magnitude level.

3.3.3
maghnitide-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;
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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 pre peaks in the acoustic pressure spectrum close to the =3 dB threshold. This is particularly relevant {or the
determination of derated field parameters as required in IEC 62359 using a single derating factor depending pn the
acoudtic-working frequency.

3.3.

peak| pulse acoustic frequency
o
i acoustic-working frequency of the pulse with the largest peak negptive
acoustic pressure measured at the point of maximum peak negative 'acoustic pressur

[$)]

3.3.
timel|temporal-average acoustic frequency
h
arithmetic-mean acoustic-working frequency of)'the time averaged acoustic pregsure
specfrum of the acoustic signals measured at.the point of maximum temporal-average
intensity

3.4
azimuth axis
axis |formed by the junction of\the azimuth plane and the source aperture plane
(meajsurement) or transducer. aperture plane (design)

SEEFigure 1

[SOURCE: I[EC 6182820042020, 3.7]
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IEC 1638/07
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12 IEC
Key
1 external transducer surface plane 7 azimuth plane, scan plane
2 source aperture plane 8 principal longitudinal plane
3 source aperture 9 longitudinal plane
4 beam area plane 10 X, azimuth axis
5 beamwidth lines 11 Y, elevation axis
6 elevation plane 12 Z, beam axis

[SOURCE: IEC 61828:2020]

Figure 1 — Schematic diagram of the different planes and lines
in an ultrasonic field

3.5
azimuth plane

plane containing the beam axis and the line of the minimum full width half maximum
beamwidth

SEE: Figure 1

Note 1 to entry: For an ultrasonic transducer array, this is the imaging plane.

Note 2 to entry: For a single ultrasonic transducer with spherical or circular symmetry, it is any plane containing
the beam axis.

[SOURCE: IEC 61828:200642020, 3.8]
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3.6

bandwidth

BW

difference in the most widely separated frequencies f; and f, at which the-magnitude level of
the acoustic pressure spectrum becomes 3 dB below the peak-magnitude level, at a specified
point in the acoustic field

Note 1 to entry: Bandwidth is expressed in hertz (Hz).

3.7

beam area
4y 6:[b.20
arealin a specified plane perpendicular to the beam axis consisting of all points at which the
pulse-pressure-squared integral is greater than a specified fraction of the maximam-value of
the ;rulse-pressure-squared integral in that plane

Note 1 to entry: If the position of the plane is not specified, it is the plane passing through, the point correspgnding
to the|maximum value of the pulse-pressure-squared integral in the whole acoustic field.

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

a) in the case of a continuous wave signal the term pulse-pressure-squared-integral is replaced by mean gquare
acpustic pressure as defined in IEC 61689,

b) in|cases where signal synchronization with the scanframe is not available the term pulse-pressure-squared
infegral may be replaced by temporal average intensity.

Note 3 to entry: Some specified fractions are 0,25 and 0,01 for the'y6 dB and -20 dB beam areas, respectivily.
Note 4 to entry: Beam area is expressed in units of metre squared (m?).

NOTE]

3.8

beam axis

strair%:ht line that passes through the,heam centrepoints of two planes perpendicular to th¢ line
whiclh connects the point of maximal pulse-pressure-squared integral with the centre qf the
external transducer aperture

SEE] Figure 1

Note {1 to entry: The location of the first plane is the location of the plane containing the maximum pulse-pregsure-
squared integral or, alternatively, is one containing a single main lobe which is in the focal Fraunhofer zong¢. The
locatign of the second\plane is as far as is practicable from the first plane and parallel to the first with the same two
orthodonal scan lines\(x and y axes) used for the first plane.

Note 7 to entry:\,~fh a number of cases, the term pulse-pressure-squared integral is replaced in the above defjnition
by any linearlysrelated quantity, for example

a) in fhecase of a continuous wave signal the term pulse-pressure-squared integral is replaced by mean gquare
acbusticpressure-as-defined-inEC64689

b) in cases where signal synchronization with the scanframe is not available the term pulse-pressure-squared
integral may be replaced by temporal average intensity.

3.9

beam centrepoint

position determined by the intersection of two lines in the same beam area plane xy passing
through the beamwidth midpoints of two orthogonal planes, xz and yz, perpendicular to their
respective beamwidth lines

[SOURCE: IEC 61828:20042020, 3.15, modified — In the definition, "in the same beam area
plane xy" and ", perpendicular to their respective beamwidth lines" have been added.]
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beamwidth midpoint
linear average of the location of the centres of beamwidths in a plane

Note 1

Note 2 to entry:

to entry: The beamwidth midpoint method is described in Annex K.

2022

The average is taken over as many beamwidth levels given in Table K.1 as signal level permits.

[SOURCE: IEC 61828:20042020, 3.22, modified — Note 1 to entry has been replaced by new
Notes to entry.]

3.1
bear*width
Wes W12, W20
greafest distance between two points on a specified axis perpendicular to the beam axis where
the pulse-pressure-squared integral falls below its maximum on the spegified axis |by a
speclfied amount
Note 1 toentry: Inanumber of cases, the term pulse-pressure-squared integral is replaced in the above defjnition
by any linearly related quantity, for example
a) in the case of a continuous wave signal the term pulse-pressure-squared integral is replaced by mean gquare
acpustic pressure as defined in IEC 61689,
b) in|cases where signal synchronization with the scanframe is not available the term pulse-pressure-squared
infegral-may can be replaced by temporal average intensity.
Note 3 to entry: Commonly used beamwidths are specified at<z6 dB, -12 dB and -20 dB levels belgw the
maxinjum. The decibel calculation implies taking 10 times the logarithm of the ratios of the integrals.
Note 3 to entry: Beamwidth is expressed in metres (m).
3.12
broapgband transducer
transducer that generates an acoustic’ pulse of which the bandwidth is greater thanp the
arithmetie-mean acoustic-working frequency
3.13
central scan line
<for putomatic scanning 'systems> ultrasonic scan line closest to the symmetry axis df the
scan|plane
3.14
derived instantaneous intensity
quotient of_.squared instantaneous acoustic pressure and characteristic acoustic impedance
of th¢ medium at a particular instant in time at a particular point in an acoustic field
2
t
0 = 2O° (2)
pc

where:
p(t) is the instantaneous acoustic pressure;
p is the density of the medium;
c is the speed of sound in the medium

Note 1 to entry:

an approximation of the instantaneous intensity.

For measurement purposes referred to in this document, the derived instantaneous intensity is
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Note 2 to entry: Increased uncertainty-should is expected to be taken into account for measurements very close to
the transducer.

Note 3 to entry: Derived instantaneous intensity is expressed in units of watt per metre squared (W/m?2).

3.15

diametrical beam scan

set of measurements of the hydrophone output voltage made while moving the hydrophone
in a straight line passing through a point on the beam axis and in a direction normal to the
beam axis

Note 1 to entry: The diametrical beam scan-may can extend to different distances on either side of the beam axis.

3.16

distance z,
Zr
distahce along the beam axis between the plane containing the peak-rarefactional acoustic

presgure and the external transducer aperture

Note 1 to entry: The distance z_is expressed in metres (m).

3.17

distance z.
Zc
distapce along the beam axis between the plane containing.the peak-compressional acolistic

prespgure and the external transducer aperture

Note 1 to entry: The distance z_ is expressed in metres (m):

3.18
distgnce z,,;

VA .
ppsi
distahce along the beam axis between the plane containing the maximum pulse-pressure-
squdred integral and the externaktransducer aperture

Note 1 to entry: The distance 7z /7 is.'expressed in metres (m).
ppsi

3.19
distance zg,¢,
Zspta
distahce alongnthe beam axis between the plane containing the spatial-peak tempjoral-
average intensity and the external transducer aperture

Note {1 to“entry: In practice, this distance is equal to the distance Zppsit

Note 2 to entry: The distance z is expressed in metres (m).

spta
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effective hydrophone-radius size
An 837 e

radius size of a-stiff-dise theoretical receiver hydrophone that has a predicted directional
response function with an angular width equal to the observed angular width

2022

Note 1 to entry: The size is usually a function of frequency. For representative experimental data, see [1]

Note 4 to entry: The effective hydrophone-radius size is expressed in metres (m).

Note § to entry: For hydrophones with a circular geometry, the effective hydrophone size is_§ radius.

Note 4 to entry: For hydrophones with a rectangular geometry, the effective hydrophoné\size is the half

larges

t value of the length or width.

[SOURCE: IEC 62127-3:2007, 3.2, modified — In the term, "radius has been replaced

"sizel'.

In the definition, "radius of a stiff disc receiver" has bee&breplaced with "size

theoretical receiver". The NOTES have been replaced.]

3.21

effedtive radius of a non-focusing ultrasonic transducer

at
radiu

s of a perfect disc piston-like ultrasonic transducer that has a predicted axial acg

presgure distribution approximately equivalent:to the observed axial acoustic pres

distri

pution over an axial distance until at least/the last axial maximum has passed

Note {1 to entry: The effective radius of a non-focusing ultrasonic transducer is expressed in metres (m)

3.22

electric load impedance

Z

complex electric input impedance (consisting of a real and an imaginary part) to whic

hydr

pphone unit output cable is connected or is intended to be connected

Note 1 to entry: The eléctric load impedance is expressed in ohms (Q).

[SOYRCE: IEC62127-3:2007, 3.3, modified — In the definition, "hydrophone or hydrop

asse

3.23

Imbly outptit" has been replaced by "hydrophone unit output cable".]

of the

with
of a

ustic
bsure

n the

hone

elevation axis
line in the source aperture plane (measurement) or transducer aperture plane (design) that

is pe

SEE:

rpendicular to the azimuth axis and the beam axis

Figure 1

[SOURCE: IEC 61828:20042020, 3.48, modified — Notes to entry have been omitted.]

3.24

elevation plane
longitudinal plane containing the elevation axis

SEE:

Figure 1
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[SOURCE: IEC 61828:20042020, 3.49, modified — The words "and the beam axis" have been
deleted since this is already included in the definition of longitudinal plane.]

3.25
end-of-cable loaded sensitivity

M\ (7)
<of a hydrophone or hydrophone assembly>-ratioc quotient of the-instantaneous Fourier

transformed hydrophone voltage-time signal #(u (7)) at the end of any integral cable or output

connector of a hydrophone or hydrophone assembly, when connected to a specified electric
load impedance, to the—instantaneous Fourier transformed acoustic—pressure pulse

wavdform F(p(7)) In the undisturbed free field of a plane wave In the position of the reference
centre of the hydrophone if the hydrophone were removed

M (f)=—Fr—= (3)

Note 1 to entry: The end-of-cable loaded sensitivity is a complex-valued parameter. Its modulus is expresfsed in
units qf volt per pascal (V/Pa), its phase angle is expressed in degrees, and represents the phase difference between
the elgctrical voltage and the sound pressure.

3.26
end-pf-cable loaded sensitivity level

Ly (f)
<of alhydrophone or hydrophone assembly> fwenty times the logarithm to the base 10 ¢f the
quotient of the modulus of the end-of-cable loa@ded sensitivity || (f)| to a reference sensitivity

ref

Note 1 to entry: Commonly used values of the reference sensitivity M, are 1 V/pPa or 1 V/Pa.

Note 2 to entry: The-ehd-of-cable loaded sensitivity level is expressed in decibels (dB).

3.27
end-af-cable open-circuit sensitivity
<of athydrephone>—ratogustentofthe-trstertereousFourertransformed-hydrephoneopen-

circuit voltage-time signal F(u.()) at the end of any integral cable or output connector of a
hydrophone to the-instantaneous Fourier transformed acoustic-pressure pulse waveform
F(p(z)) in the undisturbed free field of a plane wave in the position of the reference centre of
the hydrophone if the hydrophone were removed

Mc(f)= () ()

Note 1 to entry: The end-of-cable open-circuit sensitivity is a complex-valued parameter. Its modulus is
expressed in units of volt per pascal (V/Pa), its phase angle is expressed in degrees, and represents the phase
difference between the electrical voltage and the sound pressure.
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NTE 2 Definil ﬁ ECg2127.3.

3.28

external transducer surface

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

SEE:

Figure 1

Note 1 to entry: This surface is assumed to be accessible for measurements using a hydrophone in a ¢
propagation medium (usually water).

2022

hosen

Note 4
to the

[SOU

3.29
exte
exte
plang
the 4

SEE:

Note 1

ultrasjonic transducer; if it is concave, the plane touches the périphery of the radiating surface; if it is convd

to entry: This surface is either directly in contact with the patient or is in contact with a water or liqui
patient.

RCE: IEC 61828:20042020, 3.52]

nal transducer surface plane
nal transducer aperture plane
that is orthogonal to the beam axis of the unsteered beam,.‘gr, the axis of symme

Figure 2

to entry: If the ultrasonic transducer is flat, the plane/is coplanar with the radiating surface

H path

ry of

zimuth plane for an automatic scanner, and is adjacent physically to the ultragonic
trangducer and external transducer surface

bf the
X, the

plane |s tangent to the centre of the radiating surface at thg _point of contact.

[SOYRCE: IEC 61828:2020, 3.53]

3.30

far field

region of the field where z > z; aligned along the beam axis for planar non-focusing transdiicers
Note 1 to entry: In the far field, the sound pressure appears to be spherically divergent from a point on or ngar the
radiating surface. Hence the pressure produced by the sound source is approximately inversely proportional|to the
distange from the source.

Note 3 to entry: The termfar field is used in this document only in connection with non-focusing source transducers.
For fqcusing transducers/ a different terminology for the various parts of the transmitted field applie§ (see
IEC 61828).

Note 3 to entry{ If'the shape of the transducer aperture produces several transition distances, the one fyrthest
from the transducer is used.

3.31

hydrophonegeometricatradius

g

radius defined by the dimensions of the active element of a hydrophone

Note 1 to entry: The hydrophone geometrical radius is expressed in metres (m).

[SOURCE: IEC 62127-3:2007, 3.8]

3.32

hydrophone
transducer that produces electric signals in response to-waterborne-acoustic-signals pressure

fluctuations in water

Note 1

to entry: A hydrophone is principally a passive device designed and built to respond to sound pressure.
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Note 2 to entry: In some applications, a hydrophone is used as an active device to transmit sound.

[SOURCE: IEC 60050-801:2021, 801-32-26]

3.33
hydrophone assembly
combination of hydrophone and hydrophone pre-amplifier

[SOURCE: IEC 62127-3:2007, 3.10]

3.34

hydrpphone pre-amplifier
active electronic device connected to, or to be connected to, a particular hydrophong and
reduging its output impedance

Note {1 to entry: A hydrophone pre-amplifier requires a supply voltage (or supply voltages),

Note 3 to entry: The hydrophone pre-amplifier may have a forward voltage transmissjon factor of less thah one,
i.e. it peed not necessarily be a voltage amplifier in the strict sense.

[SOURCE: IEC 62127-3:2007, 3.12]

3.35
instgntaneous acoustic pressure
p(1)
presisure at a particular instant in time and at a partieufar point in an acoustic field{seeralse
EV-804-04-19), minus the ambient pressure

Note 1 to entry: Instantaneous acoustic pressure is expressed in pascals (Pa).

[SOURCE: IEC 60050-802:2011, 802-01-03}

3.36
instantaneous intensity
(1)
acougptic energy transmitted perunit time in the direction of acoustic wave propagation pef unit
areajnormal to this direction‘at’a particular instant in time and at a particular point in an acqustic
field

Note {1 to entry: Instantaneous intensity is the product of instantaneous acoustic pressure and particle velocity.
It is d|fficult to measure jntensity in the ultrasound frequency range. For the measurement purposes referred to in
this dpcument and-under conditions of sufficient distance from the external transducer aperture (at leagt one
transducer diametér; or an equivalent transducer dimension in the case of a non-circular transducef) the
instanjtaneous intensity can be approximated by the derived instantaneous intensity.

Note 4 tosentfy: Instantaneous intensity is expressed in units of watt per metre squared (W/m?2).

3.37
local area factor

Fa

square root of the ratio of the source aperture area to the beam area at the point of interest

F - / ASI;’-\beff (6)

Note 1 to entry: The relevant local beam area, 4,, is that for which the pulse-pressure-squared integral is greater

bv
than 0,135 (that is, 1/e2) times the maximum value in the cross-section.
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level,-A, o5 4, ¢ is known, the local beam area can be calculated as

0,694
Ay =A, s Ay 6/0,69: (0,69 = 3In(10)/10) F, = % :
6

[SOURCE: IEC TS 61949:2007, 3.11, modified — "source aperture" has been replaced by
"source aperture area"; the formula for the general case has been added; the second sentence
of the original definition has been moved to a Note 1 to entry; the third sentence of the original
definition has been changed into a Note 2 to entry and provides more details and the symbol
for the -6 dB beam area was changed to conform with Clause 4.]

2022

If the beam profile is approximately Gaussian at the distance of interest and the area at the -6dB

3.38
loca
%q
index

wher!

z

Pm

B
f awf
F

a

Note 1
propa
actual
and th

[SOU
subs

3.39
long
plang

SEE:

distortion parameter

which permits the prediction of nonlinear distortion of ultrasound for a spe€ific’ ultragonic

transducer,—and—is—gweﬂ—by—gq#em—:

2“fawf B o1

Oq=2Pp
q m 3
p-c”  Fa

D

is the axial distance of the point of interest to the transducer face;

is the mean-peak acoustic pressure at the pgint'in the acoustic field correspondi
the spatial-peak temporal-peak acoustic pressure;

is the nonlinearity parameter (§ = 1 + B/24-= 3,5 for pure water at 20 °C);
is the acoustic-working frequency;

is the local area factor.

to entry: If the transmitting systepmcomprises an internal standoff utilizing a water or water-equi
hation medium, the offset distance between the transducer element and the transducer face increas
path length z to be considered. Afie nominal distance between the beam axis’s intersection with the
e transducer face can be used

RCE: IEC TS 61949:2007, 3.12, modified — The text of the definition has cha
antially, the formula*however is unchanged; Note 1 to entry has been added.]

tudinal plane
defined by the beam axis and a specified orthogonal axis

Figure 1

(7)

hg to

lvalent
s the
rystal

nged

3.40

mean peak acoustic pressure

Pm

arithmetic mean of the peak-rarefactional acoustic pressure and the peak-compressional

acou

stic pressure

Note 1 to entry: Mean peak acoustic pressure is expressed in pascals (Pa).

[SOURCE: IEC TS 61949:2007, 3.13, modified — Note 1 to entry has been added.]
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3.41
near field
region of the field where z < zy aligned along the beam axis for planar non-focusing transducers

Note 1 to entry: For circular planar transducers, this is at a distance less than 4, /n/, where 4, is the output beam
area and 1 is the wavelength of the ultrasound corresponding to the acoustic frequency.

Note 2 to entry: If the shape of the transducer aperture produces several transition distances, the one closest to
the transducer-shall-be is used.

3.42
number of pulses per ultrasonic scan line

n
pps
number of acoustic pulses travelling along a particular ultrasonic scan line

Note 1 to entry: Here ultrasonic scan line refers to the path of acoustic pulses on a particular’beam axis in
scanniing modes and non-scanning modes.

Note 2 to entry: This number can be used in the calculation of any ultrasound temporal average valug from
hydrophone measurements.

Note 3 to entry: The following shows an example of the number of pulses per ultrasonic scanline and the niimber
of ultrasonic scanlines (shows the end of a frame):

1238123412340 =1;n3=4

11293344;11223344; .0 =2 n,=4
111]222233334444,1111222233334444; .n ¢=%n,=4
1429334411223344;1422334441223344 iy =4in=4
11253344111222333444,11223344111228883444; .0 =51, =4 (within one ffame

the pulses down each line may not occur contiguously)

Note 4 to entry: Within one frame, all scan lines-may pgssibly do not have the same Mops value.
An exgmpleis: 122334;122334;...avg npps =4,8,"Mmax Nyps = 2; Ng= 4

[SOYRCE: IEC 61157:2007/AMD1:20137:3.45 modified — the fourth example in Note 3 to entry
has een corrected and the last examplé has been moved to a Note 4 to entry.]

3.43
number of ultrasonic scan(lines
g
theumber quantity ofiultrasonic scan lines that are excited during one scan repefition
periqd

Note 1 to entry: Thisicnumber can be used in the calculation of-any-uliraseund temporal average values for scanning
modep from hydrophone measurements.

[SOYRCE: IEC 61157:2007/AMD1:2013, 3.46]

3.44
offset distance

doffset
distance between the source aperture plane and the external transducer surface plane,
measured along the beam axis

SEE: Figure 2

Note 1 to entry: Offset distance is expressed in metres (m).

[SOURCE: IEC 61828:2020, 3.90]

3.45
operating mode
mode of operation of a system
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3.45.1
combined-operating mode

operating mode-of-operation-ofa-system that combines more than one discrete-operating
mode

Note 1 to entry: Examples of combined-operating modes are real-time B-mode combined with M-mode (B+M),
real-time B-mode combined with pulsed Doppler (B+D), colour M-mode (cM), real-time B-mode combined with M-
mode and pulsed Doppler (B+M+D), real-time B-mode combined with real-time flow-mapping Doppler (B+rD), i.e.
flow-mapping in which different types of acoustic pulses are used to generate the Doppler information and the imaging
information.

Illlg IIIDUI.'.‘
oper tlng mode—of-operation of medical diagnostic ultrasonic equipment in whiclL the
purppse of the excitation of the ultrasonic transducer or ultrasonic transducer_element

Note {1 to entry: Examples of discrete-operating modes are A-mode (A), M-mode (M), static,B-mode (sB), real-
time B-mode (B), continuous wave Doppler (cwD), pulsed Doppler (D), static flow-mapping'(sD) and real-timg flow-
mappihg Doppler (rD) using only one type of acoustic pulse.

3.453
inclusive mode
combined-operating mode having acoustic output levels (p.)and Ispta) less than fhose

corrgsponding to a specified discrete-operating mode

3.454
non-scanning mode

operpting mode-of-operation-of-a-system that involves a sequence of ultrasonic pulses which
give rise to ultrasonic scan lines that follow the’same acoustic path

3.45.|5
scanhning mode

operpting mode-of operation-of-a-system that involves a sequence of ultrasonic pulses which
give [ise to ultrasonic scan lines.that do not follow the same acoustic path

NOTEl The seguence of pulsesis pgt th"chQl"ll\l made-up
NOHE= G ptHSEesHS_ o recessarh Hp

. i ' i _
3.46
output beam area
Aob
area |of the ultrasonic beam derived from the =12 dB beam area at the external transducer
aperture

of-identical pulses- For instance the use of seagdential
otHaentHeatpuises—rorHhstah —th $€-06+5

q

Note {1 torentry: For reasons of measurement accuracy, the —12 dB output beam area-may—be is derived from
measyrements at a distance chosen to be as close as possible to the face of the transducer, and, if possiljle, no
more thamrtmmfromtheface:

Note 2 to entry: For contact transducers, this area can be taken as the geometrical area of the ultrasonic
transducer or ultrasonic transducer element group.

Note 3 to entry: The output beam area is expressed in units of metre squared (m?).

3.47

output beam dimensions

Xob’ Yob

dimensions of the ultrasonic beam (-12 dB beamwidth) in specified directions perpendicular
to each other and in a direction normal to the beam axis and at the external transducer
aperture
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Note 1 to entry: For reasons of measurement accuracy, the —12 dB output beam dimensions-may-be is derived
from measurements at a distance chosen to be as close as possible to the face of the transducer, and, if possible,
no more than 1 mm from the face.

Note 2 to entry: For contact transducers, these dimensions can be taken as the geometrical dimensions of the
ultrasonic transducer or ultrasonic transducer element group.

Note 3 to entry: Output beam dimensions are expressed in metres (m).

3.48
output beam intensity

Iob
temporal-average power output divided by the output beam area

Note 1 to entry: Output beam intensity is expressed in units of watt per metre squared (W/m?2).

3.49
peak| acoustic pressure

pe (of py) or p, (or p_)
peakl-compressional acoustic pressure or peak-rarefactional acoustic/pressure

Note {1 to entry: Peak acoustic pressure is expressed in pascals (Pa).

3.50
peakl-compressional acoustic pressure
pe (of py)

maxifnum positive instantaneous acoustic pressure in an acoustic field or in a specified plane
durinjg an acoustic repetition period

Note {1 to entry: Peak-compressional acoustic pressure is expressed in pascals (Pa).

Note 3 to entry: The definition of peak-compressional acoustic pressure also applies to peak-positive acjpoustic
pressiire, which is also in use in literature.

3.51
peak-rarefactional acoustic pressure
pr (o p_)

maxifnum of the modulus,of the negative instantaneous acoustic pressure in an acoustid field
or infa specified plane during an acoustic repetition period

Note 1 to entry: Peak-rarefactional acoustic pressure is expressed-as using a positive number for the nunjerical
value.

Note 3 to entry;\_Peak-rarefactional acoustic pressure is expressed in pascals (Pa).

Note 3 torentry: The definition of peak-rarefactional acoustic pressure also applies to peak-negative acpustic
presslire\which is also in use in literature.

3.52
principal longitudinal plane
plane containing the beam axis and two points that define the minimum -6 dB beamwidth

SEE: Figure 1

Note 1 to entry: The selection of this axis is arbitrary for a circularly-symmetric transducer.

Note 2 to entry: For a HITU transducer with a hole in its centre within which is a diagnostic imaging transducer, this
axis is aligned with the azimuth axis of the imaging transducer.

Note 3 to entry: For rectangular ultrasonic transducers, it is the plane parallel to their longest side.

[SOURCE: IEC 61828:2020, 3.110 modified — the reference to HITU transducers has been
deleted in Note 1 to entry.]
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pulse-average intensity

Ipa

2022

quotient of the pulse-intensity integral to the pulse duration at a particular point in an
acoustic field

Note 1 to entry: This definition applies to pulses and bursts.

Note 2 to entry: Pulse-average intensity is expressed in units of watt per metre squared (W/m?2).

3.54

pulse-duration

lq

1,25|times the interval between the time when the time integral of the square/of the
instgntaneous acoustic pressure reaches 10 % and 90 % of its final value

SEEFigure 4

Note 1 to entry: The final value of the time integral of the square of the instantaneous\acoustic pressure|is the
pulsetpressure-squared integral.

Note 4 to entry: Pulse duration is expressed in seconds (s).

3.55

pulse-intensity integral

pii

time |ntegral of the instantaneous intensity at a particular point in an acoustic field integfated
over the acoustic pulse waveform

Note {1 to entry: For measurement purposes referred to_in‘\this document, pulse-intensity integral is propoftional
to pulse-pressure-squared integral.

Note 4 to entry: The pulse-intensity integral is expressed in units of joule per metre squared (J/m?).

3.56

pulse-pressure-squared integral

ppsi

time jntegral of the square of-the instantaneous acoustic pressure at a particular pointjin an
acougtic field integrated overthe acoustic pulse waveform

Note {to entry: The pulse-pressure-squared integral is expressed in units of pascal squared times second (Pa2s).
3.57

pulseé repetition-period

prp | . . .

time |interval between equivalent points on successive pulses or tone-bursts of pllses
comprising a discrete operating mode

Note 1 to entry: The pulse repetition period is expressed in seconds (s).

3.58

pulse repetition rate

prr
recip

rocal of the pulse repetition period

Note 1 to entry: The pulse repetition rate is expressed in hertz (Hz).

3.59
refer

ence centre

<of a hydrophone> point on, within or near a hydrophone about which its electro-acoustic
characteristics are defined
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Note 1 to entry: The reference centre often corresponds to the geometrical centre of a hydrophone active element,
unless otherwise stated.

[SOURCE: IEC 60500:2017, 3.26, modified — The context <of a hydrophone> and the term
"active element" in Note 1 to entry have been added. In the definition, the word "geometrical"
has been deleted.]

3.60
RMS acoustic pressure

PRMS
root-mean-square (RMS) of the instantaneous acoustic pressure at a particular point in an
AP

Note 1 to entry: The mean should be taken over an integral number of acoustic repetition pefiods finless
otherwise specified.

Note 4 to entry: RMS acoustic pressure is expressed in pascals (Pa).

3.61
scanfarea
AS
<for automatic scanning systems> area on a specified plane (or sutface) consisting of all points
withih the beam area of any beam passing through the surface during the scan

Note {1 to entry: The specified plane (or surface) follows the same shape\as the external transducer aperture.
Note 4 to entry: The scan-area is expressed in units of metre sqGared (m?).

3.62
scan|plane
<for automatic scanning systems> plane containing all the ultrasonic scan lines

NOTE}1 See Figure 1+

Note 1 to entry: Some scanning systems have the ability to steer the ultrasound beam in two directions. |n this
case, there is no scan plane that meets this-definition. However, it might be useful to consider a plane through the
major{axis of symmetry of the-ulraseundultrasonic transducer and perpendicular to the transducer face (or apother
suitabje plane) as being equivalent to\thé scan plane.

3.63
scan| repetition period
srp
<for gutomatic scanning systems with a periodic scan sequence> time interval between identical
points on two successive frames, sectors or scans

Note {1 to entry=s In general, this document assumes that an individual scan line repeats exactly after a number of
acousjic pulses. In case an ultrasonic transducer or ultrasonic transducer element group radiates ultrajsound
withoyt.any, sequence of repetition, it will not be possible to characterize a scanned mode in the way descriped in
this dacu 3 ! ibed in Annex an be use yhen nchronization cannot be achieved

Note 2 to entry: The scan repetition period is expressed in seconds (s).

3.64

scan repetition rate

Srr

reciprocal of the scan repetition period

Note 1 to entry: The scan repetition rate is expressed in hertz (Hz).
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3.65
source aperture area

Agpeff

equivalent aperture area for an ultrasonic transducer of unknown characteristics, measured
as the area inside the —20 dB pulse-pressure-squared-integral contour in the closest possible
measurement plane (source aperture plane) to the external transducer aperture

SEE: Figure 2

Note 1 to entry: The nominal transmitting area of the source can be used for the calculation of the local distortion
parameter oy in cases where there is a significant offset between the transducer crystal and the front face due to an

interngtstamdoftf:

Note 4 to entry: Source aperture area is expressed in units of metre squared (m?2).

Principal longitudinhal plane

Exjernal Source
tranpducer aperture
apgrture plane

—6 dB beam
contodn

Depth-of-field

|

Beam axis

Offset
distance

Minimum -6 dB
beamwidth Win

IEC 179/13

Beamwidth Principal
focal length longitudinal plane

Extefnal transducer Source /Q—>/ /
aperture plane aperture
Beamwidth focus /
Z Depth-of-field /~

X < —

~_6 dB beam contour

Source
aperture width

-

Offcat
OTSEeT

distance

oW W Minimum -6 dB beamwidth

min min

Beamwidth focal line IEC

[SOURCE: IEC 61828:2020]

Figure 2 — Several apertures and planes for a transducer of unknown geometry
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3.66

source aperture plane

closest possible measurement plane to the external transducer-aperture surface plane that
is perpendicular to the beam axis

SEE: Figure 2

Note 1 to entry: If the offset distance is zero, the source aperture plane can be coincident with the external
transducer aperture plane.

[SOURCE: IEC 61828:20062020, 3.135]

3.67
sourge aperture width
Lsp
<in al specified longitudinal plane> greatest —20 dB beamwidth along the line of‘intersection
betwgen the designated longitudinal plane and the source aperture plane

SEEFigure 2

Note 1 to entry: If a transducer is circularly-symmetric, a radial line scan is suffieient to determine the width.

Note 4 to entry: If a HITU transducer has a hole in its centre, the beginning and ending -20 dB points of theg width
are me¢asured and noted with reference to the centre.

Note 3 to entry: Source aperture width is expressed in metres (m)s

[SOURCE: IEC 61828:20062020, 3.136, modified —Awe~notes-have-been-added the referlence
to HIFU transducers has been deleted in the Note{ to entry.]

3.68
spatial-average pulse-average intensity
Isapa
pulse-average intensity from one ultkrasonic transducer or ultrasonic transducer element
group averaged over the beam-area for that particular ultrasonic transducer or ultragonic

trangducer element group

Note 1 to entry: A burst is also to*be understood to be a pulse.
Note 4 to entry: Spatial-average pulse-average intensity is expressed in units of watt per metre squared ({V/m?2).

3.69
spatial-average‘temporal-average intensity
I

sata
egqual-to-thestemporal-average intensity averaged over the scan-area or beam arega as
appropriate

Note 1 to entry: Spatial-average temporal-average intensity is expressed in units of watt per metre squared
(W/m?).

3.70

spatial-peak pulse-average intensity
Isppa

maximum value of the pulse-average intensity in an acoustic field or in a specified plane

Note 1 to entry: Spatial-peak pulse-average intensity is expressed in units of watt per metre squared (W/m?2).

3.7
spatial-peak RMS acoustic pressure

Pspr
maximum value of the RMS acoustic pressure in an acoustic field or in a specified plane
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Note 1 to entry: Spatial-peak RMS acoustic pressure is expressed in pascals (Pa).

3.72
spatial-peak temporal-average intensity

Ispta

maximum value of the temporal-average intensity in an acoustic field or in a specified plane

Note 1 to entry: For systems in combined-operating mode, the time interval over which the temporal average is
taken is sufficient to include any period during which scanning-may is not be taking place.

Note 2 to entry: Spatial-peak temporal-average intensity is expressed in units of watt per metre squared (W/m?2).

3.73
spatial-peak temporal-peak acoustic pressure
Psptp
larger of the peak-compressional acoustic pressure-cr and the peak-rarefactional acoustic
pressure

Note 1 to entry: Spatial-peak temporal-peak acoustic pressure is expressed in pascals/(Pa).

3.74
spatial-peak temporal-peak intensity
Tsptp
maximum value of the temporal-peak intensity in an acousti¢Aield or in a specified plane

Note 1 to entry: Spatial-peak temporal-peak intensity is expresséd in units of watt per metre squared (W/m?).

3.75
temporal-average intensity
Ita
time-Haverage of the instantaneous intensity. at a particular point in an acoustic field

Note 1 to entry: The time-average-should-be-taken is considered over an integral number of acoustic repetition
periodis.

an average over a relatively long tithe-interval. For ultrasonic medical diagnostic systems in non-aute-scanning
systemis modes, the instantaneoUs jintensity-should-be is averaged over one or more pulse repetition pefiods.
For-agte- ultrasonic medical diagnostic systems in scanning-systems modes, the instantaneous intensity-$hould
be is gveraged over one or more scan repetition periods for a specified operating mode.

Note 3 to entry:—(Relating-to-ultrasenicpedical-diagnosticsystems) In principle, the temporal-average inte;ity is

Note 3 to entry: Temporal-average intensity is expressed in units of watt per metre squared (W/m?).

3.76
temporal-peaktacoustic pressure
ptp
maximumwalue of the modulus of the instantaneous acoustic pressure at a particular [point
in an|acoeustic field

Note 1 to entry: Temporal-peak acoustic pressure is expressed in pascals (Pa).

3.77

temporal-peak intensity

Iy

maximum value over time of the instantaneous intensity at a particular point in an acoustic
field

Note 1 to entry: Temporal-peak intensity is expressed in units of watt per metre squared (W/m?2).
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3.78

time-window-average intensity

Iw,At/s(t)

time-varying value of the instantaneous intensity averaged over a window of duration At

q A2
T.ns (1) =17 [ 1(e)ar (8)
—At/2
where
1(2) is the instantaneous intensity;
Atls is the numerical value of the moving time window width in seconds;
t' is the variable of integration.

Note 1 to entry: The time varying time-window-average intensity for a time window width of\20’s, for instafgce, is
denotéd by 7, ,(¢).

Note 4 to entry: Time-window-average intensity is expressed in units of watt per métrg*squared (W/m?).

3.79
trangducer aperture area

A
TA
effecfive active area of an ultrasonic transducer in the trahsducer aperture plane

Note 1 to entry: Transducer aperture area is expressed in squate/metres (m2).

[SOURCE: IEC 61828:2020, 3.145]

3.80
trangducer aperture plane

plang that is orthogonal to the beam axis of the unsteered beam;-or-the-axisof symmetryof

&h&izrmausﬁpmﬁm—aﬁc%maheseaﬁme& and is adjacent physically to the ultragonic
trangducer

SEE; Figure 1

Note {1 to entry: If the ultrasonic transducer is flat, the plane is coplanar with the-radiating transmitting sprface
of the|ultrasonic transducer; if it is concave, the plane touches the periphery of the—radiating transmitting syrface;
if it is convex, the plane(is tangent to the centre of the—radiating transmitting surface at the point of contact.

[SOURCE: IEC©1828:20042020, 3.146]

3.81
trangsducer aperture width
L1a 1

full width of the transducer aperture along a specified axis orthogonal to the beam axis of the
unsteered beam at the centre of the transducer

SEE: Figure 3

Note 1 to entry: Transducer aperture width is expressed in metres (m).

[SOURCE: IEC 61828:20062020, 3.148, modified —two—notes-have -been—added,—and The
phrase "at the centre of the transducer" has been added to the definition.]
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Transducer aperture plane
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IEC 180/13
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Transducer aperture plane

Transducer ! /
|

focusing
surface |
A \ Geometric
beam

=
5 i boundary
3 . Geometric

o focus

3
t .

2 Beam axis

8 i o o vm m m  Sm i
T

Q

(&)

=]
3 Transducer

G aperture

S
= Transducer aperture

v / planée distance

o | Foeo -
‘ | Geometric focal
i length |
| Prefocalzone  _ Focal _ _  Postfocal’zone
IEC

The rgdius of curvature is D = D, + h.
[SOURCE: IEC 61828:2020]

Figure 3 — Parameters for describing-an‘example-of a focusing transducer
of known/geometry

3.82
trangducer assembly

trangducer and/or ultrasonic\/transducer element group, together with any
components, such as an acoustie¢ lens or integral stand-off

int

Note {1 to entry: The transducer‘assembly is usually separable from the ultrasound instrument console.

3.83
trangition distance

T

set of parts of medical diagnostic ultrasonic equipment comprising the ultragonic

egral
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aperture area divided by & times the effective wavelength 4

[SOYRCE: IEC 61828:2020, 3.153, modified — The words "effective wavelength" havé
addefd to the definition.] Q}/
3.83/1 Qq/q/
trangition distance for design (1/

ZTD \.

divid

Note 1 to entry: For design, for an unapodized ultrasonic trQu
the squrce aperture area is naez, where a, is the effective;\@%

exactl

Note 3 to entry: For design, for an unaposl@d ectangular ultrasonic transducer which has a transducer ap

width

transition distance is z;, = (LTM)Z/ 1@ he transition distance for the orthogonal longitudinal plane ing
the second transducer aperture wi is zp, = (LTAZ)Z/(TM).

Note 4 to entry: For apodiz@ansducers with a symmetric even apodization or weighting function W (norm
to a maximum value of on@ the particle velocity distribution), the transition distances are the following.

For ci

4
<for @ given longitudinal plane> transducer aperture area 4, of th{‘a(rasonic transd

Note 4 to entry: For a spherically focusing transducga?@ transition distance is approximately the same bu

ed by n times the effective wavelength 4 %(1,

O
z1p = Atal(n4) ‘\\Q/
o

s; therefore the transition distance is z; = «

itis z; = 2p? (1_1/1_(‘1/0)2 )/,1 where D, e radius of curvature.

.\@

Lypq, in a specified longitudinal e, the effective in-plane area is (LTM)Z. Therefore, for this plan

.

cularly symm«@“gr)ansducers with an active radius a:

2\ ¢ Q‘

been

ucer

(9)

ucer with circular symmetry about the bean} axis,

2.

more

Prture
e, the

luding

alized

Note 5 to entry: For symmetric shapes other than the most common cases of circular symmetry and rectangular
geometry, the same definition of transition distance can be used. For example, for apertures with n-fold symmetry
(n > 2) such as hexagons and octagons, the transition distance in a symmetry plane perpendicular to a side is equal
to the area of the aperture divided by (n4). For annular arrays with several rings, the equivalent area is the total (all
rings) area of the active aperture. For cases in which unique phasing is used, such as annular arrays with alternate
phase shifts (0° or 180°) in addition to intended focusing or for cases of apertures with unusual shapes and phasing,
three-dimensional diffraction computation is employed to determine the minimum beamwidth corresponding to the
appropriate transition distance.

Note 6 to entry: Transition distance for design is expressed in metres (m).

[SOURCE: IEC 61828:2020, 3.153.1, modified — Note 6 to entry has been omitted here.]
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3.83.2
transition distance for measurement

™
<for a given longitudinal plane> source aperture area, Agp.¢, Of the ultrasonic transducer

divided by = times the effective wavelength 4

z1M = Aspefr/ (1) (10)

Note 1 to entry: For measurements in each specified longitudinal plane, the source aperture width in that|plane

is usefl, or zp, = (Lga,)?/(n4); in the other orthogonal plane, z, = (Lga,)?/(nl).

Note 4 to entry: Transition distance for measurement is expressed in metres (m).

[SOURCE: IEC 61828:2020, 3.153.2]

3.84
treatment head
assefnbly comprising an ultrasonic transducer and associated parts for local applicatipn of
ultrasound to the patient

[SOURCE: IEC 60601-2-5:2009, 201.3.214, modified — A note in the original has been delgted.]

3.85
ultrasound instrument console
electronic unit to which the transducer assembly\is attached

3.86
ultrasonic scan line
<for $canning systems> beam axis for.@particular ultrasonic transducer element group, or
for a particular excitation of an ultrasonic transducer or ultrasonic transducer element group

Note 1 to entry: In this document, ultfasonic scan line refers to the path of acoustic pulses and not to a linefon an
image|on the display screen of a system.

Note 3 to entry: In general, this document assumes that an individual scan line repeats exactly after a given number
of acoustic pulses. In case,anultrasonic transducer or ultrasonic transducer element group radiates ultrasound
withoJt any sequence of-repetition, it will not be possible to characterize a scanned mode in the way descriped in
this dgcument. The approach described in Annex F can be useful when synchronization cannot be achieved.

Note 3 to entry: Jhe‘case where a single excitation produces ultrasonic beams propagating along more thgn one
beam |axis is not considered.

3.87
uItralsonic scan line separation
Ss

<for automatic scanning systems> distance between the points of intersection of two
consecutive ultrasonic scan lines of the same type and a specified line in the scan plane

Note 1 to entry: For this definition it is assumed that consecutive ultrasonic scan lines are spatially adjacent; this
is not true for all types of scanning equipment.

Note 2 to entry: The ultrasonic scan line separation is expressed in metres (m).

3.88

ultrasonic transducer

device capable of converting electrical energy to mechanical energy within the ultrasonic
frequency range and/or reciprocally of converting mechanical energy to electrical energy
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3.89
ultrasonic transducer element
element of an ultrasonic transducer that is excited in order to produce an acoustic signal

3.90

ultrasonic transducer element group

group of elements of an ultrasonic transducer which are excited together in order to produce
an acoustic signal

3.91

ultrasonic transducer element group dimensions

dime’l;lsions of the surface of the group of elements of an ultrasonic transducer element\gfroup
which includes the distance between the elements, hence representing the overall dimensgions

Note 1 to entry: Ultrasonic transducer element group dimensions are expressed in metres (nm).

3.92
uncertainty
parameter, associated with the result of a measurement, that characterizes the dispersipn of
the vplues that could reasonably be attributed to the measurand

Note ] to entry: See ISO/IEC Guide 98-3:2008, 2.2.3.

4 Symbols

ap effective hydrophone-radius size
agq hydrophone geometrical radius
ay effective radius of a non-focusing ultrasonic transducer

Amax maximum effective radius for a specific hydrophone application
arp acoustic repetition period

Ap 6 b 20 beam area corresponding to -6 dB beam area and -20 dB beam area
Ay geometrical area of an ultrasonic transducer

Aop output)beam area

Ag scan-area

Agpets source aperture area

At transducer aperture area

BW bandwidth

c speed of sound in the medium (usually water)

C end-of-cable capacitance of a hydrophone

Ce parallel input capacitance of an electrical load

dofiset offset distance

Sawt acoustic frequency, acoustic-working frequency

fp peak pulse acoustic frequency

fi time average acoustic frequency

F

a local area factor
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E

g
1

0,69 A _{—6-dB beam-area)
' ¢
instantaneous intensity

output beam intensity

pulse-average intensity

spatial-average pulse-average intensity
spatial-average temporal-average intensity

spatial-peak pulse-average intensity

=
%

pps

pii
ppsi

temporal-average intensity
temporal-peak intensity

spatial-peak temporal-average intensity
spatial-peak temporal-peak intensity
time-window-average intensity

2n/A
spatial averaging correction factor

end-of-cable loaded sensitivity level

pressure level spectrum

low-pass filtering function
transducer aperture width

source aperture width

end-of-cable open-circuitisensitivity

end-of-cable loaded sensitivity

number of pulsesiper ultrasonic scan line

number of ultrasonic scan lines per image for spatial distribution

instantaneous acoustic pressure
pulse-intensity integral
pulse-pressure-squared integral
mean peak acoustic pressure

temporal-peak acoustic pressure

pulse repetition rate

pulse repetition period
spatial-peak RMS acoustic pressure

spatial-peak temporal-peak acoustic pressure
RMS acoustic pressure

peak-compressional acoustic pressure
peak-rarefactional acoustic pressure

total ultrasonic power
total power emitted by one acoustic scan line

ratio of the —6 dB beamwidth to the effective hydrophone diameter
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S ultrasonic scan line separation

Srp scan repetition period

srr scan repetition rate

tq pulse duration

U () end-of-cable voltage for a hydrophone
v instantaneous particle velocity

We, W12, Woo beamwidth (at -6 dB and -12 dB and -20 dB levels)

Xobs Fob output beam dimensions

z distance between a hydrophone and an ultrasonic transducer

Zg distance z,

Zogred—distancez g o

Zppsi distance Typsi

z, distance z,

Zspta distance Zspta

z7 transition distance

Z1D transition distance for design

ZTM transition distance for measurement

Zy complex electric output impedance-of a hydrophone or hydrophone assembly

Z electric load impedance

S nonlinearity parameter

0 angle of incidence of an“ultrasonic wave with respect to the hydrophone |axis;
(¥, H5: with special reference to 3 dB and 6 dB defined levels)

A acoustic wavelength in a liquid

p density of thesmedium (usually water)

aq local distortion parameter

10) (2nf,we) circular frequency

5 Measurement requirements

5.1 Requirements for hydrophones and amplifiers

5.1.1 Introduction Preface

In order to select a hydrophone and amplifier that is appropriate for the type of measurement
to be undertaken, it shall be ensured that the selected devices—comply conform with the
following requirements. Requirements for hydrophone performance in this clause are either in
addition to or supersede those for hydrophones in IEC 62127-3.

5.1.2 General

It is assumed throughout this document that a hydrophone is a device that responds to
waterborne acoustic waves [see IEV 801-32-26] in such a way that the output voltage is
proportional to the acoustic pressure. Generally, this relationship is frequency dependent; thus,
if M, (f) is the end-of-cable loaded sensitivity of a hydrophone (see 3.25 and Annex C), the

instantaneous acoustic pressure p(¢) is related to the measured end-of-cable voltage u| () by
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wher

F1

PLO-=S UM BT p()= 7 UL M ()]

e

denotes the inverse Fourier transform;

Y .5 UL(f) is the Fourier transform result of u (z).

NOTE

1 See 5.1.7.2 and Annex D to implement this method.

$ide. However, for the type of spectra relevant here, the time domain data is not likely to comprise ima

(11)

right-
pinary

compgnents with the exemption of a possible constant numerical residue, and thus Re is omitted in thisfgrmula

wher!

mined from Formula (12):

PO-=w AHM Fan)  p(0) = u (1) 1 1M (faug)|

a)
-

band
N be

(12)

M bty M (Fawe)l is the modulus of the end-of-cable loaded sensitivity off the

5.1.3

Whe
the
loadi

hydrophone at the acoustic-working frequency.
Sensitivity of a hydrophone
no hydrophone pre-amplifier is used,che sensitivity of the hydrophone shall re

nd-of-cable loaded sensitivity andxshall be determined for the particular eleg
ng conditions (see 3.22).

er to
trical

When a hydrophone pre-amplifierdis used, the sensitivity of the hydrophone shall refer to the

end-

NOTE
sensi

NOTE|

5.1.4 Directional response of a hydrophone

The directionalyresponse of the hydrophone shall be known.

pf-cable loaded sensitivity which relates to the particular hydrophone assembly.

1 The method outlined in\IEC 62127-3—may can be used for the determination of end-of-cable |
ivity assuming the end-of-cable open-circuit sensitivity of the hydrophone is known.

2 See Clause B.10 fortabulated examples of specification parameters.

Symrretry of the directional response shall conform to IEC 62127-3.

baded

NOTE There are two reasons to know the directional response of a hydrophone. First, it-may can be necessary as
part of the field characterization procedures described in Annex B, in which case the directional response-should
needs to be known at the appropriate acoustic-working frequency. Secondly, the directional response is used to

derive

5.1.5

the effective hydrophone-radius size.

Effective hydrophone-radius size

The effective hydrophone-radius size shall be known and determined following the method
described in IEC 62127-3.
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5.1.6 Choice of the size of a hydrophone active element
5.1.6.1 General

The choice of the effective hydrophone-—radius size for a specific application shall be
determined by consideration of the following.

The effectiveradius size of the element should ideally be comparable with or smaller than one
quarter of the acoustic wavelength, so that phase and amplitude variations do not contribute
significantly to measurement uncertainties.

a simple relationship between the optimum effective element size of the hydrophong and
parameters such as the ultrasonic transducer dimension, the acoustic wavelength-'and the
distahce from the ultrasonic transducer. However, in the far field it is reasonable to relgx the
abovp criterion. For circular ultrasonic transducers, the following criterion mayl.be used|as a
guid¢ to the determination of the maximum effective radius a,,, of a hydrophone gctive

element. a,,,, is given by Formula (13):

Itis ’_Et possible, because of the Targe range of types of ultrasonic fransducers, 10 esfgblish

A 1/2
Amax Za(lz‘i‘a»]z) (13)

wherg

a4 if the effective radius of the ultrasonic transducer;

/
A

4 the distance between the hydrophone and-the ultrasonic transducer face;

q the acoustic wavelength corresponding.to the acoustic-working frequency.

See [2] ' and [3].

For 4 focused ultrasonic transducer, the above relationship may still be used.
For gn ultrasonic transducer with a non-circular element, the above relationship may sJiII be
used|by replacing a4 by one half the maximum ultrasonic transducer dimension or ultragonic

trangducer element group dimension.

Reqgyirements ofithe size of the hydrophone active element are relaxed for measurements of
ultragonic fields_generated by physiotherapy systems (see 8.3.1).

For representative experimental data, see [1].

5.1.6.2 Spatial averaging effect

The practical requirement of an adequate signal-to-noise ratio or other considerations can lead
to the use of a hydrophone with an element size greater than that recommended above. In this
case, care should be taken in interpreting measurements as a piezoelectric hydrophone is a
phase sensitive detector that integrates the complex acoustic pressure over its active element.

When the hydrophone is translated from the position of maximum received signal in any
direction normal to the beam axis by an amount equal to the effective hydrophone-radius
size element, the decrease in signal should be less than 1 dB. If this is not the case, corrections
for spatial averaging should be made. See Annex E.

T Numbers in square brackets refer to the Bibliography.
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Improved corrections can also be made using diffraction corrections, see [2], [3], [4], [5].

The spatial averaging effect may also be addressed by spatial deconvolution of the
hydrophone aperture as proposed in [6], [7], [8]. However, the method may suffer from signal-
to-noise ratio issues in practical cases.

For nonlinear broadband acoustic pulse waveforms, the method of inverse spectral filtering
as outlined in Clause E.2 should be applied to correct for spatial averaging.

5.1.7 Bandwidth

5.1.7}1 Narrow-band approximation

Narrgw-band approximations shall be considered as being appropriate whenever{the |ocal
distgrtion parameter is less than 0,5 (see 7.2.4).

In this case, it is sufficient to consider the sensitivity value at the acoustic-working frequency
as bging representative of the sensitivity value at all frequencies of interést.

NOTE|1 When measuring narrow-band acoustic signals, it is assumed that all the-significant frequency compgnents
within|the signal are located at frequencies close to the acoustic-working frequency. In this case, there will be little
variatipn in the end-of-cable loaded sensitivity of the hydrophone.

NOTE|2 The simplifying assumption given above can also be used when measuring acoustic fields with a bfoader
frequgncy content provided that the end-of-cable loaded sensitivity) of the hydrophone shows only [imited
variatipns over the frequency range necessary to accurately represent the acoustic signal.

If thel value of the local distortion parameter exceeds 0,5 (see 7.2.4), then the end-of-¢able
loaded sensitivity level of the hydrophone or hydrophone assembly shall vary by less|than
+3 dB over the frequency range (f) from one octave below to-the-tesserof three octaves gbove
the acoustic-working frequency-or40-MHz\where the 0 dB reference point is located 3t the
acoustic-working frequency, /s That is, for

Fogl S F<—PIA{8E,,c-40-MHZ}
My_qgtani—3-dB< M, inh-<M ypifa+3-dB

My (f) \Y
wherp- M, f)=20log g———=dBand-My =1—
Las(f) 90, 0=15

0

Sawt ! 2SS 8 faus (14)
Ly (faw) =3 dB < L, (f) S Ly (fo) + 3 dB (15)
M, () v

where L, (f):20log10M—dB and M :1P—a.

ref
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NOTE 3 There is scientific justification for using an extended range 1.

/16 < f < 8f, ¢ (i.e. four octaves below to
three octaves above jjawf), based on [9] and [10] (see also Annex A). However, experimentally determined

hydrophone calibration data is available for a limited bandwidth only, for instance from 1 MHz to 100 MHz. To judge
whether the narrow-band approximation is appropriate according to Formulas (14) and (15), hydrophone frequency
response extrapolation can be applied as an alternative method in the same way as described in 5.1.7.2.2 including
Notes 1, 2 and 3, and Annex D for broadband measurements, if necessary. That is, extrapolation of M, () can be

used to cover frequencies f outside the calibration range available, at maximum below half of the acoustic-working
frequency towards zero and above the lesser of four times the acoustic-working frequency or 100 MHz towards
the Nyquist frequency fNyquis‘, e.g. for 0 = f < f,,/2 and for min [4 f, 100 MHz] < f < fNyquist. Details on

awf’
considerations for appropriate extrapolation are provided in D.4.2.

If the narrow-band apprOX|mat|on requirements are not fulfilled the broadband measurement
metr\ = {E'I_l’)nlnnlll-\ faoll =i

If thg broadband measurement method of 5.1.7.2 is implemented in the measurem@éys,tem,
it mgy be used for all situations including those covered by the narrow-band oximjation

requifements. (19

Meagqurements performed in conformity with the first edition of IE 521271 may [have
cons|dered frequency contributions up to 40 MHz only. The chan g equwements of this

secopd edition do not imply that such measurements of the past s e repeated for output
meaqurements on equipment already characterized in conform@ with the first editign. If
necepsary, the systematic error of the limited bandwidth mayéych cases then be attrihuted
by an additional uncertainty contribution. S\\

NOTE|4 See 8.2.4 for specific consideration of diagnostic equipmeQ o$>low acoustic output.

5.1.7\.2 Broadband measurements \Q

N
5.1.70.2.1 General ‘\\\f

meaqurement can b e unacceptably large due to limited bandwidth and freqyency
dependent sensitivi@ riation of the hydrophone. Voltage-to-pressure conversion shall|then

e frequency-dependent sensitivity of the hydrophone and the frequency
contgnt of the stic pulse waveform. The measurement method based on deconvolution
of th¢ acquir, aveform with the hydrophone response as described here in 5.1.7.2 and in
Anngx D uces more accurate results. For performing deconvolution, specific aspedts of
hydrgp calibration data conditioning, regularization filtering of signal spectra,| and
unc ty determination shall be considered in accordance with 5.1.7.2.2, 5.1.7.2.3 and

In cgqse the narrow-ban?a’pproximation requirements cannot be met, the uncertainty ip the

5.1.7.2.2 Deconvolution bandwidth

Application of Formula (11) to determine the acoustic pulse waveform requires the complex
division of the voltage spectrum U, (f) by the sensitivity M, (f). For this operation data sets must
match, e.g. the frequency increment and range of both spectra must be the same. The frequency
increment of U, (f) depends on the length of the acquired acoustic pulse waveform (including
zero padding if applicable) and the frequency range extends from 0 to the Nyquist frequency
associated with the sample rate used. Experimentally obtained hydrophone calibration data
M, (f), however, may provide different frequency increments and ranges. If necessary,
calibration data can be interpolated between consecutive sensitivity data points available for
the hydrophone (see Annex D). If necessary, extrapolation of M, (f) may be used to cover

frequencies f outside the calibration range available, at maximum below half of the acoustic-
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working frequency towards zero and above the lesser of four times the acoustic-working
frequency or 100 MHz towards the Nyquist frequency Nyquist €-9- for 0 < f<f .2 and for

min [4 fawr, 100 MHZ] < < fyyquist- Details on considerations for appropriate extrapolation are
provided in D.4.2.

NOTE 1 The maximum lower limit of 100 MHz for extrapolating at higher frequencies in the above requirement
assumes availability of hydrophone calibration certificates up to 100 MHz at the time this document is published. If
only a lower upper limit is available at this time, then that limit can be used instead for practicability.

NOTE 2 Secondary pulse calibration techniques have been developed [11], [12] and can be applied by the
hydrophone user to determine the sensitivity of the individual hydrophone in frequency ranges where calibration
service is not available. The same techniques can be used, in general, for hydrophone calibration data extrapolation,
and td check conformity with the narrow-band approximation through Formulas (14) and(1D).

NOTE|3 For some types of hydrophones, the variation of sensitivity at higher frequency can possibl \predicted
from dalibration data obtained at lower frequencies. For example, above the resonance frequency_.o menlbrane
hydrophone, the sensitivity is likely to follow a predictable trend. In such cases, the sensitivity preq}ﬁn can b¢ used
in plage of direct measurements so long as the uncertainty in the prediction is accounted for, on califjration
measyrements of similar hydrophones throughout the frequency range where the prediction isf&.

N>
5.1.7,.2.3 Regularization /\'

Decgnvolution is mathematically speaking an ill-posed inverse prob‘?é}h, which in the disprete
time fomain results in an ill-conditioned estimation problem [13], 1@. For instance, at very high
frequency the acquired hydrophone signal may still comprise e noise contribution byt the
sens|tivity may be close to zero. Formula (11) then leads to ag(ge impact of such noise within
the deconvolution, see Annex D for a waveform example. Té\obtain waveforms with accepjtable
overdll noise, in general, appropriate low-pass filterin%is necessary; this also reduces$ the
occufrence of Gibbs oscillations. Including such are zation, Formula (11) is then extended

towafds
N

_ UL
1) = éﬁ”(f) R f)] (16)

N\
xO
wherp LP(f) denotes the comp] @balued low-pass filtering function. Different filter functiong can
be uged for hydrophone si deconvolution [14], [15], [16], [17], [18], [19], [20], [21]. Pince
any low-pass filtering induces additional bandwidth limitation and hence possibly cuttipg of
peak| pressure parts o waveform, the filter cut-off frequency shall be kept as larde as
poss|ble while still ing enough noise suppression to achieve reasonable uncertaipties
for wpveform par rs. The =3 dB cut-off frequency of the low-pass filtering shall be 8-{imes
the anustic-w g frequency f, s determined from the pressure spectrum without low{pass

filtering or hi

NOTE|1 ICdeasurement situations with stable pulse repetition, high-frequency noise suppression can be imgroved
by inc a&ﬁg signal averaging.

NOTE 2 In general, bandwidth reduction of nonlinearly distorted ultrasonic waveforms through additional low-pass
filtering will affect the peak compressional pressure stronger than the peak rarefactional pressure and derived
intensity data.

NOTE 3 For high amplitude nonlinearly distorted waveforms of high intensity therapeutic ultrasound or lithotripsy
comprising up to 100 harmonics, cut-off frequencies larger than 8-times the acoustic-working frequency are needed
to avoid cutting of the peak compressional waveform parts and excessive systematic uncertainty contribution of the
regularization. Specifications are provided in 8.3.2.

2
NOTE 4 A good choice for the numerical filter type sufficient in many applications is of the form Q(f) = /[Hlfj
g
with i = \/——1 andfg denoting the -6 dB corner frequency. The -3 dB corner frequency then is approximatelyfg /1,555

[17].
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NOTE 5 In principle, the regularization filter and cut-off frequency choice can be supported by optimizing the overall
uncertainty of the deconvolved waveform including the partly competing noise and regularization components [14].

NOTE 6 Of the acoustic parameters listed in 7.2.1, the peak compressional acoustic pressure is most likely to
be affected by the choice of the regularization filter.

5.1.7.2.4 Uncertainty estimation for broadband measurement method

Due to the application of Fourier transforms and inverse Fourier transforms, regularization
filtering, as well as complex-valued hydrophone calibration data, the uncertainty estimation
for the broadband measurement method may appear less straightforward than in other
situations. However, a GUM-compliant uncertainty evaluation (ISO/IEC Guide 98-3 and
i ilizj the
gation of uncertainties when discrete Fourier and inverse Fourier transforms are.applied,
and pn open-source software tool GUM2DFT?2 is available [21]. The method epableg, for
instahce, to propagate to the time domain the frequency dependent uncertainties of the
hydrpphone calibration data provided for modulus and phase in the frequency dpmain.

The |ntroduction of additional numerical low-pass filtering for regularizing\the deconvolution
probllem introduces an additional uncertainty contribution to the m@asurement and |data
evalyation procedure. The impact of the induced systematic error lan be quantitajively
assepsed, for instance, by considering a continuous upper bound function in the freqyency
domgin for the pressure magnitude spectrum based on a simple @ne=parametric basis fungtions
apprpach and incorporating additional prior knowledge, like monoetonously decreasing spé¢ctral
components with frequency expected for nonlinearly distorted‘acoustic pulse waveforms|, and
typicgl signature of high frequency noise in distinction to, waveform signal contribution [14]].

5.1.8 Linearity
The linear response, as defined in IEC 62127-3<should extend to 5 MPa.

The @ipper limit of known dynamic range shall be stated, in particular if below 5 MPa.

5.1.9 Hydrophone signal amplifier
5.1.9}1 General

Hydrophone amplifiers shall.uneet the following performance requirements.

5.1.9.2 Requireménts for all amplifiers

The gmplifier gainsshall allow the hydrophone assembly to meet the requirements given in
5.1.7]

The gensitivity level shall not vary by more than 0,5 dB per 100 kHz frequency increment inside
the sfated"bandwidth. The requirement can be verified using an appropriate representatipn of

the fleguency—response-thatresolves—al-importantdetailsofthefrequencydependence
leguehcy+espohRsethRat+FesSonesa—HhpoHaitaetaHsothHeHequehcy-GepehRaence-

The linearity with input signal over a dynamic range of 50 dB shall be +0,3 dB.

The spectral noise measured generated by the hydrophone assembly shall be sufficiently low
to allow measurements to be performed with an adequate signal-to-noise ratio for any frequency
within the bandwidth considered.

The following performance parameters shall be specified:

2 This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of this product.
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— the gain as a function of frequency;

— the input impedance as a function of frequency, either the real and imaginary components
(Z,) (see 3.22), or the equivalent parallel resistive and capacitive components;

— the output impedance.
5.1.9.3 Additional requirements for differential amplifiers

The impedance requirements given above shall apply except that the impedance is measured
between the two active inputs.

The W—W@Wﬁmﬁuﬁm-muﬁ—m-Wency
rang¢ one octave below to two octaves above f,s. See [23], [24].

5.1.110 Hydrophone cable length and amplifiers

A cophnecting cable of a length and characteristic impedance which ensures that eledtrical
resomance in the connecting cable does not affect the defined bandwidth,of the hydrophone
or hyldrophone assembly shall be chosen. The cable shall also be terminated appropriately.

To nfinimize the effect of resonance in the connecting cable, the(length of the hydrophone
cablg (in metres) shall be much less than 50/(f,,s + BW5g), Where f, is the acoustic-working

frequency in MHz and BW,, is the —20 dB bandwidth in MHZ of the hydrophone signgl. In
most|cases a cable length of < 15 cm-should-be is usually adequate (see [25]).

NOTE[1 Attention-sheuld is to be paid to the appropriateness of the output impedance of the hydrophone/anpplifier
in reldtion to the input impedance of the connected measuring'device.

NOTE|2 Methods that-may can be used to correct the effects of finite bandwidth of the hydrophone/amplifier on
wavefprms suffering distortion from nonlinear propagation“are given in Annex D.

5.2 | Requirements for positioning and water baths
5.2.1 General

Therg are various possible systems that may be used to mount the ultrasonic transducef and
hydrpphone. The general perfermance requirements for such systems are specified heref and
thesg are considered as optimum for the purposes of this document. Alternative positipning
systgms may be used.providing equivalence with those described in this subclauge is
demg@nstrated.

Annex J showsy'a* simple configuration of tank, ultrasonic transducer and hydrophone
intended to show only the coordinate axes and degrees of freedom referred to in this document.

5.2.2 Positioning systems

5.2.2.1 Transducer positioning

The ultrasonic transducer under test shall be supported using a positioning system such that
its face is fully immersed in the water bath and at a distance from any adjacent surface, for
instance, a water/air interface, so that reflected ultrasound from this surface does not interfere
with the main received signal. For the situation when the surface is parallel to the beam axis,
the following criteria shall be satisfied.

If z is the distance between the active element of a hydrophone and the face of an ultrasonic
transducer and ¢ is the time between the arrival of the direct pulse at the hydrophone and the
end of the measurement acquisition period, then the minimum distance, %, between the beam
axis and the reflecting surface shall be determined from Formula (17):
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(22 + 4n2)V2 - 2> ¢ ¢ (17)

It is preferable to immerse the transducer and not to use a membrane between the face of the
ultrasonic transducer and the water bath. If, however, a membrane is needed, then the
membrane should be as thin as practicable and should be kept as close to the front surface of
the ultrasonic transducer as is possible. Close acoustic coupling should be ensured by using
a water-based coupling agent, taking care to exclude bubbles of air. Measurements of acoustic
parameters should be corrected for transmission loss of the membrane.

5.2.2,.2 Hydrophone positioning

The hydrophone shall be set up in the coordinate positioning system such that the directipn of
maximum sensitivity of the hydrophone is approximately parallel to the anticipated directipn of
the beam axis of the ultrasonic transducer to be measured.

NOTE| To avoid effects on the measurements made on continuous wave fields due to-feflection of ultrasoundl from
the syrface of membrane hydrophones, the hydrophone-may can be tilted. Tiltinglensures that the reflected
ultrasgund either does not interfere significantly with the transducer or is not Subsequently reflected from the
transducer face, producing interference effects. Two methods used to determine the'rotation required are desgribed
in Anrjex B.

5.2.2.3 Spatial positioning

The hydrophone and/or the ultrasonic transducer-shall be supported from a positipning
systgm to allow them to be positioned relative to eachyother at any desired point within a space
with the following degrees of freedom:

a) spatial positioning along three orthogonalsaxes (named x, y and z), one (designated the
z{axis) being the beam axis of the active‘element of the ultrasonic transducer;

b) tq be able to reproduce positions, all-translation and rotation systems should be proyided
with position indicators;

c) the repeatability of positioning should be 0,101 or 0,05 mm, whichever is smaller.
NOTE|1 After alignment, the z-axis-gkedid is expected to be parallel to the beam axis of the ultrasonic transducer.
NOTE|2 Itis possible to relax the requirement of the reproducibility for many measurements. A reasonable basis is
to relgte the precision of the.positioning system to the diameter of the active element of the hydrophone. [In the
directijon perpendicular to/thge direction of propagation of the ultrasound, a precision equivalent to 10 % [of the

diamefer of the active element of the hydrophone is usually adequate, while in a direction parallel to the propagation
direction a precision equivalent to the diameter of the active element is usually adequate.

5.2.3 Waterdbath

5.2.31 General

The kkizé of the measurement vessel shall be such that the ultrasonic transducer and
hydrophone can be moved relative to each other by an amount large enough to permit the
active element of the hydrophone to be positioned at any point in the acoustic field at which
measurements are required.

Means shall be incorporated to minimize effects on the measurement of reflection from any part
within the water bath or the walls (see also 5.2.3.2).

In a direction parallel to the beam axis for non-automatic scanning systems or the symmetry
axis of the azimuth plane for automatic scanning systems, the wall of the water bath should be
at a distance from the ultrasonic transducer which is significantly greater (30 % to 100 %)
than the maximum separation distance between the ultrasonic transducer and the
hydrophone.
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In a direction perpendicular to the beam axis for non-automatic scanning systems or the
symmetry axis of the azimuth plane for automatic scanning systems, the wall of the water bath
should be at a distance which is significantly greater (30 % to 100 %) than the maximum
distance of the hydrophone from the beam axis in the case of non-automatic scanning
systems, or from an extreme scan line in the case of automatic scanning systems.

NOTE 1 The size of the hydrophone-should-be-considered also needs consideration; for membrane hydrophones,
extra width in the direction perpendicular to the beam axis might be needed.

NOTE 2 The criteria for the choice of the size of the water bath referred to above are adequate for pulse durations
less than 10 ps. For longer pulse durations, refer to 5.2.2.1 and [26].

5.2.3r2—Liming materiatl

The fneasurements should be performed under conditions that approximate an acoustiq free
field.|In the case of ultrasonic transducers excited under continuous wave conditions, acqustic
absofbers should be placed to intercept as much of the ultrasound incident on-the"walls qf the
watef bath as is possible. For pulsed ultrasonic transducers, and whencteehniques Uising
gated signals are employed for detection of the hydrophone signal, it is hot essential t¢ use
acouptic absorbers. However, it is often advisable to place absorbers orf'the walls of the ater
bath |at positions so that they intercept the main incident acoustic field from the ultragonic
trangducer.

The following tests may be used to determine the necessity forracoustic absorbers.

The [riterion that may be applied is that acoustic absorbers should be used if refIIcted
ultragound increases the general background noise Iével of the hydrophone signal uniformly
or if $purious hydrophone signals are detected in.the vicinity of the main received signal

A copnvenient test for the presence of spurious signals consists in changing the disfance
betwgen the ultrasonic transducer and the hydrophone while observing the signal with an
oscilloscope. Some spurious signals arevobserved to move at least twice the speed qf the
directly received signal, others are recéived in an incorrect time window when comparing the
ultrasonic transducer to hydrophone distance. This test is possible only on pulsed systems.

With [continuous wave excitation; it is necessary to observe phase changes and distortion of the
main|signal when the ultrasonic transducer is moved. A partial standing wave pattern| may
also pe observed in many cases.

The free field conditions will be met sufficiently when the overall echo is reduced by more|than
25 dB. Various methods may be used to check the-cemplianee conformity of the echo reduction

@ tank I|n|ng materlals used, W|th thls subclause @H&e*mnpiﬁhaLma%b&usedmheek
- The procedures describged in
IEC TS 63081 can be applled to check the absorblng or scattering materials.

5.2.3.3 Water quality

For measurements in high pressure fields or on high power continuous wave excited ultrasonic
transducers, cavitation effects can be significant, and, in this case, degassed water should be
used (see Annex G for guidance).

The water should be distilled or de-ionized water at a known temperature. When a single-layer,
electrically unshielded membrane [polyvinylidenefluoride (PVDF)] hydrophone is used, the
electrical conductivity of the water should be less than 5 uS cm~1.

5.3 Requirements for data acquisition and analysis systems

The transfer characteristics of the data acquisition and analysis system shall be adequate to
ensure that, when used in combination with the hydrophone, pre-amplifier and amplifier, the
requirements of 5.1.6 to 5.1.9 are met for the combination.
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5.4 Recommendations for ultrasonic equipment being characterized

If the scanning in automatic scanning systems can be "frozen", appropriate acoustic
measurements should be undertaken to ensure that there is no significant variation between a
"frozen" beam and a scanning beam.

NOTE 1 This exercise is not trivial and depends on the type of scanning system. Also, true determination of temporal
average parameters is not possible for a "frozen" beam.

If an electrical signal synchronized to the excitation of the ultrasonic transducer or ultrasonic
transducer element group is not available, alternative methods may be used to obtain such a
trigger signal.

NOTE|2 Such alternative methods include the use of an external electromagnetic pick-up coil or-~an_ auxiliary
acousfic sensor placed in the ultrasonic field. See [27], [28], [29].

In cg@se an ultrasonic transducer or ultrasonic transducer element (group radiates
ultragound without any sequence of repetition, it will not be possible to |synchronize the
meagurement system in the way described in this document. A, subset of acqustic
meagurements, mostly related to safety aspects, is described in Annex'F and may be Useful
wher synchronization cannot be achieved.

Any pystem that controls the acoustic output of the ultrasonic transducer as a result of
changing acoustic impedance should be switched off. In case this cannot be achieved, an
additjonal measurement uncertainty should be taken into account.

6 Measurement procedure

6.1 General

The procedures described in Clause 6 and in Clause 7 are those that are particularly suitable
for the characterization of ultrasonic fields*using piezoelectric hydrophones. Other procedures
basefd on the use of piezoelectric hydrophones may be employed provided equivalence with
the t¢chniques described in Clause ®is demonstrated.

6.2 | Preparation and alignment
6.2.1 Preparation

It may be necessary to’seal various parts of the ultrasonic transducer to prevent ingress of
watef, especially ‘around the cable entry point if the whole of the device is immersed| The
manyfacturer's;advice should be sought.

Prior|to use;.the surfaces of the ultrasonic transducer and the hydrophone should be chegcked
for domtamination. If this is present, the surfaces should be cleaned according tq the
manufacturer's instructions Any anpr*ial prprallfinnc should be followed for the reliable ukse of
hydrophones or transducers which may be specified by the manufacturer or which may have
been found necessary by the user, such as immersion of a hydrophone for a certain time before
use.

On insertion of both the ultrasonic transducer and the hydrophone in the water, care should
be taken to ensure that all air bubbles are removed from the active faces. Checks should be
made during the course of the measurements to ensure bubbles do not appear.

6.2.2 Aligning an ultrasonic transducer and a hydrophone

The z-axis of the hydrophone, which is the direction of maximum sensitivity, shall be aligned
such that it is parallel to the direction of propagation of the ultrasound. A proper alignment
procedure is given in IEC 61828.
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6.3

Measurement

Make the measurements with an appropriate hydrophone assembly. Carry out observation at
any point for long enough that a fully representative part of the acoustic signal is sampled.
Typically, this would be less than one second.

Ensure that the bandwidth, sampling rate and/or temporal resolution of the acquisition system

are s

NOTE

ufficient to accurately represent the hydrophone signal.

1 New technology oscilloscopes and digital capture cards are now available which allow extremely long
record lengths to be captured and analysed. In general, use of such a device is likely to be the most flexible way to

determin

NOTE
and,

hydrojphone signal.

6.4
6.4.1

Corrgctions shall be applied if the measurements are affected byca limited bandwidth

5.1.7
satistie
band
5.1.7

Corre¢ctions shall be applied if the measurements are affected by spatial averaging effed

ident

6.4.2

In ey

ISO/IEC Guide 98-3:2008 [see Clause 2Pshall be followed.

More]

7.1

Tabl
outp

cine-alltha nocossarnaramatarc

2 Since it is no longer assumed that the acoustic signal will repeat, equivalent-time sampling is_not,pg
tonsequently, the single-shot digital bandwidth will need to be sufficient to accurately feprese

Analysis

Corrections for restricted bandwidth and spatial resolution

or cable resonances (see 5.1. 10) AHheﬁteqe#e{nemsﬁfeetheeeeemfemtmﬂﬁeme
- If the na

reqwrements (see 5.1.7.1) are not fulfllled the deconvolutlon method shall be applied
.2).

fied in 5.1.6.2. Corrections shall be made following the methods given in Annex E.

Uncertainties

aluating and expressing the uncertainty in the calibration, the guidance providg

guidance on assessment ofiuncertainties is given in Annex I.

Beam characterization

General

1 provides a guide to the acoustic parameters that may be used to specify the acd
t of various types of medical ultrasonic equipment.
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Table 1 — Acoustic parameters appropriate to various types
of medical ultrasonic equipment

Equipment type Primary pressure Derived intensity Other parameters
parameters parameters
Pulse-echo — static 1,2 4to6 7,8,10to 16, 18 to 20
— auto scanning 1,2 4106 7,8, 10 to 20
Doppler — vascular 18,2 4t06 7,10, 11, 14, 18, 19
— foetal heart 18,2 4to6 7,10, 11, 14,18, 19
—pulsed 1.2 4106 7.8 101016 181020
Therppy — continuous 18,2, 3 5,6 7,9,12, 14, 18, 19
(physical)
— tone-burst 18,2, 3 4106 7,9, 12, 14 to 16, 18,19
NOTE Key to table as follows:
Clause Clause
1 3.50 Peak-compressional acoustic pressure 8 3.1 Beamwidth
2 3.51 Peak-rarefactional acoustic pressure 9 3.7 -20 dB beam area
3 3.60 RMS acoustic pressure 10 3.7 -6 dBbeam area
4 3.70 Spatial-peak pulse-average intensity 11 3.47 #12.dB output beam dimensions
5 3.72 Spatial-peak temporal-average 12 3.38 Local distortion parameter
intensity
6 3.69 Spatial-average temporal-average 13 3.1 Acoustic pulse waveform
intensity
7 | |7.3.2.4 | Derived ultrasonic power (or from 14 3.16 to | Location of any of the parameter
IEC 61161) 3.19 values
15 3.54 Pulse duration
16 3.58 Pulse repetition rate
17 3.64 Scan repetition rate
18 3.3 Acoustic-working frequency
19 3.90 Ultrasonic transducer element grqup
20 3.91 Ultrasonic transducer element grqup
dimensions
2 Hor this type of application the peak-compressional acoustic pressure is assumed to be of equal magnitufle to
the peak-rarefactionalacoustic pressure.
Subdauses/2 deals with the determination of some of the primary pressure parameters.
NOTE| See Figure 4 for a schematic representation of some of the pulse parameters.
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Figure 4 — Schematic diagram of the'method of determining pulse duration
7.2 | Primary pressure parameters
7.21 General
With the ultrasonic transducer-and hydrophone mounted in accordance with 5.2.2, 5.2.]
6.2, any of the following acoustic parameters can be determined using the definitions list
Clause 3.
NOTE| When measurements are being made in order to-cemply conform with an individual standard (for ex
IEC 62359 or IEC 611%67), the parameters required are those specified in that standard.
In the case of measurements made in a specified plane, the position of the plane from the
of the ultrasonic transducer shall be stated and the reported values shall be describg

repr

- b

senting that plane only:

and
ed in

lample

face
d as

 per ¥ I R Y- S | Y }
Ut speuiicu dat =70 UDb 1EVET,

— beamwidth specified at =12 dB level;

— beam area specified at -20 dB level;

— beam area specified at -6 dB level;

— output beam dimension;

— Scan-area;

— location of the spatial-peak temporal-peak acoustic pressure;

— location of the maximum of the pulse-pressure-squared integral;

— location of the spatial-peak temporal-average intensity;

— ultrasonic scan line separation;

— ultrasonic transducer element group dimensions;
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— pulse repetition rate;

— scan repetition rate;

— pulse duration;

2022

— arithmetic-mean acoustic-working frequency or magnitude-weighted acoustic-
working frequency;

— acoustic pulse waveform;

— local distortion parameter;

— peak-compressional acoustic pressure;

- p
- S
NOTE

7.2.2

A sy

pak-rarefactional acoustic pressure;
patial-peak RMS acoustic pressure.

Arithmetic-mean acoustic-working frequency is equivalent to center frequency in [30].

Peak-compressional acoustic pressure and peak-rarefactional acoustic
pressure

stematic search shall be made to locate the point or points 'ef“peak-compress

acoustic pressure and peak-rarefactional acoustic pressure.

NOTE
press

Repd
of an
spec
7.2.3
A syd

NOTE|
occur,

Measg
inclu
hydr

In th

Particular regions of interest are those areas where on the beam, axis maxima or minima of any of
res occur.

rting of peak compressional acoustic pressure,should be accompanied by a descri
y regularization filter used (see 5.1.7.2.3, NOTE)6). At a minimum, that description s
fy the —3 dB corner frequency of the regularization filter.

Spatial-peak RMS acoustic pressure

1 Particular regions of interest are those areas where on the beam axis maxima or minima of this pré

urements shall be made-over an integral number of acoustic repetition periods and
je all parts of the acoustic repetition period when there is ultrasound incident o
pphone.

p case of-autpmatic scanning-systems modes, in order to determine the RMS aco

presgure over theiscan repetition period, it is essential to measure the received signal

cons
cons

bcutive mltrasonic scan lines. This received signal corresponds to excitations

trangducers, or from consecutive rotational ultrasonic scan lines in the case of s

scan

onal

these

ption
hould

tematic search shall be made to locate the point of spatial-peak RMS acoustic pressure.

ssure

shall
n the

Lstic
from
from

pcutivettrasonic transducer element groups, in the case of multi-element ultragonic

ector

nerS-or phased-array scanners.

tr—meost-ecases—however; For ultrasonic equipment exhibiting short pulse waves, it is more
appropriate to determine the pulse-pressure-squared integral (see 7.3.2).

NOTE 2 With existing hydrophones, it can be essential to rotate the hydrophone about its axis, which is
perpendicular to the azimuth plane, in order to maximize the received signal in each case.
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7.2.4 Local distortion parameter

The propagation of ultrasound in water at the acoustic pressures and frequencies frequently
encountered in medical ultrasonic fields is not a linear process and the acoustic pulse
waveform is often distorted as a result. In diffractive fields, enhanced differences exist between
the peak-compressional acoustic pressure and the peak-rarefactional acoustic pressure.
To determine the significance of the distortion in the characterization of ultrasonic fields, the
degree of nonlinear propagation can be—predicted quantified by calculation of the local
distortion parameter, ¢, (see 3.38), according to IEC TS 61949.

The following regimes-may can be defined.

a) o4 < 0,5: little nonlinear distortion has occurred. The amplitude at f; differs by less|than

% from the value in the absence of nonlinear effects.

sed with a sensitivity that—varies—aceerding—te meets the requirements of 5.1.7.1) The
mplitude in a one half octave band centred at ¢ will differ from its value in the absgence

g

5

b) 0|5 < oq < 1,5: considerable distortion has occurred. A broadband hydrophone should be
u

a

of nonlinear effects by between 5 % and 25 %.

, > 1,5: considerable nonlinear distortion and also attenuation at f,,s has occurred. A

g,

bfoadband hydrophone should be used as in b) above. The, amplitude in a one half o¢tave
band centred at £, will differ by more than 25 % from the yalue in the absence of nonljnear
e

fects.

NOTE]| In b) and c) above,-the-upperfrequency-of the-bandwidth-willoften-exceed-15-MHz the acoustic prg¢ssure

spectrp F(p(t)) are likely to contain a significant portion in the freguenty range of several times the acoustic-wgrking

frequéncy, and within waveform deconvolution (see 5.1.7.29 broadband calibration data of the hydrophone are
needefd.

NOTEI2 The loe
NIHEE +Ee—106C

redictin the amolnt-of
GG HEe—aRORH—0+

a
tHg—+

7.3 | Intensity parameters-using-instantaneous derived from acoustic pressure
7.3.1 General

As hydrophones measure_acoustic pressure, it is appropriate that the specificatign of
quanfities based on hydrophone measurements-should be given in terms of acoustic prespsure.
Hende the parameters given in 7.2 and in Clause 3 shall be the preferred parameters for
specification.

Undgr conditions.when it is reasonable to assume plane progressive wave propagation| it is
poss|ble to convert the measured instantaneous acoustic pressure parameters to| true
intengity. If\this is done, then it shall be clearly stated that the plane progressive Wwave
approximation has been used.

In th

case—the—instantan Teous
intensity, /(¢), given by

1(t) = p(t)2 | pc (18)

where
p is the density of water;
¢ is the velocity of sound in water (see Annex B).
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The following intensity parameters may be determined from the pressure parameters:

- spatial-peak temporal-peak intensity Isptp = (psptp)z/pc (19)
- spatial-peak temporal-average intensity Ispta = (pspr)zl pc (20)
- spatial-average pulse-average intensity Isapa

- spatial-average temporal-average intensity /.,

- time-window-average intensity T pysti)

The procedures used for the determination of the-last first two parameters shall be similar to
those for the equivalent acoustic pressure parameters. However, in this case)the parameter
reconlded at each point in the acoustic field shall be the square of the instantaneous acolstic
presgure.

NOTE]| If the local distortion parameter exceeds 0,5, then the conversions of mieasured pressure paramefers to
intensfties might not be valid or sufficiently accurate [31].

7.3.2 Intensity parameters using pulse-pressure-squaréd. integral
7.3.211 Pulse duration

The pulse duration is equal to 1,25 times the 10 % 4090 % rise time of the time integral ¢f the
squafe of the instantaneous acoustic pressure.\The points of time, ¢, and ¢#,, at which this

time fintegral is 10 % and 90 % of the pulse-pressure-squared integral, respectively, fpllow
from|[Formula (21) and Formula (22).

1 (ta@y .o ,
—j U2(t)dt=01ppsi and
M2 1120

1 i

— U?(t)dt=09 ppsi

M= Jt4=0
1 J‘ta 2 X

— u® (t)de=0,1ppsi 21
a0 (21)
1 b 2 .

— t)dr=0,9 22
w2d. o (1) P (22)

where
M is the general term of the hydrophone sensitivity;
Yu(t) is the measured output voltage of the hydrophone.

The pulse duration shall then be calculated as

tq = 1,25(ty — t). (23)
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7.3.2

.2 Spatial-peak pulse-average intensity

Spatial-peak pulse-average intensity shall be calculated with the maximum value of the
pulse-pressure-squared integral as measured on the beam axis, using:

Isppa = tdpcppSi

where

(24)

p S
c g

pc 1S

td iS

7.3.2,

For t

the npaximum value of the pulse-pressure-squared integral value in a single beam, using:

wher

prr i

For 4

contr
integ

Pp—S-ie

the density of water,
the velocity of sound in water (see Annex B);

the characteristic acoustic impedance of-distilled pure water (= 1,48 x 106 kg m=2 g
D °C);

the pulse duration.

3 Spatial-peak temporal-average intensity

e non-scanning mode the spatial-peak temporal-average.intensity is calculated

ppsi
pC

Ispta = prr Ispta = mmax[ppsi(z)]
peE =z

5 the maximum pulse repetition rate of.the non-aute -scanning mode.

scanning mode (e.g. automatic B<émode) the Ispta value shall be measured includin

ibution of overlapping ultrasonic¢ scan lines. It means that more pulse-pressure-squ
ral(s) are processed, indicated by the sum of pulse-pressure-squared integral(s):

Sppsi =.* ppsi,_o+ ppSi;_4+ PPSi;+ PPSi 11t PPSicyo---

P

i the pul | intearal_belonaing_to_t!

L PpSic1-etc—are the pulse-pressure-squared-integral{s)of diminishingvalues4
. ; | . i .

-1 at

g the
ared

Sppsi = ...+ Npps c-2 PPSL 5+ Vipps c-1PPSE 4+ Npps ¢ PPSic + Mpps,c+1PPSEcrq Mpps, c+2 PPSTgyn---

where

ppsi

ppsi

pps,c+1: pps,c-1-

C .
scan line;

(26)

is the pulse-pressure-squared integral belonging to the central

c+1r PDSic—q, €tC., are the pulse-pressure-squared integrals of diminishing values of

the successive adjacent ultrasonic scan lines;
etc., represent the number of repeating pulses per ultrasonic scan |

ine.

From the scan repetition rate and the number of ultrasonic scan lines, the ultrasonic scan
line separation at the depth where the maximum 7, will be found is calculated. Alternatively,
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the ultrasonic scan line separation may be found by scanning the hydrophone in the scan
direction and measuring the distances between the maxima found in the scan.

Using this ultrasonic scan line separation, the contribution of adjacent ultrasonic scan lines
can be calculated from the results of a lateral line scan in the scan plane. In the summation of
the ppsi values, all contributing ultrasonic scan lines are to be included over a period of time
sufficiently long to include all significant acoustic information.

The spatial-peak temporal-average intensity for the nen-scanning mode then results in

Qunal
\J,.IHOI
pC

Ispta = srr Ispta = imax[Sppsi(zﬂ (27)
pc z

wherg

srris the maximum scan repetition rate of the scanning mode.
7.3.2.4 Derived ultrasonic power
If thel determination of total ultrasonic power P of a single, stationary, ‘beam is done by mleans

of plgnar scanning, then it shall be performed with a calibrated hydrephone in accordancg with
IEC 62127-2, based on Formula (28):

R5 H[ta (x,)dxdy
P= U/TA(Xay)dXdy S (28)

wherg

frali | (x,y) is the temporal average intensity at the point defined by the orthogonal
coordinates x and y.

The ¢nergy E of the beam is calculated as the summation of all contributions of the ppsi(x,y) at

all pqints in a scanned areat

a5
pc

E= 2. ppsi(x;, ;) (29)

wherg

dS ig the’step area, i.e. the product of distance dx and dy between two successive measpuring
points (samples) in the scanned area, assuming that dx and dy are both constant throughout
the scan and that the scan has a rectangular geometry.

The total ultrasonic power then follows from

P=FEprr (30)

The total ultrasonic power may also be calculated from
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ds
P = ;ZpéMs (x;:) (31)

In the scanning mode, the total ultrasonic power for each mode of operation may be calculated
from

P=EsrrMn P =Esrrmnppg (32)

wher

[

E is the energy of the beam, as used before;
Mm is the number of ultrasonic scan lines per image for spatial distribution;
i ] | ¢ o ¢ | line.

n is the number of pulses per ultrasonic scan line.

pps
The {otal ultrasonic power during the scanning mode will bethe/’sum of all ultrasonic pdwers
during the acting operation modes.

NOTE| 1 The method is specifically useful in circumstances where a—commerciallyavailable sensitive epough
radiatjon force balance is not-sensitive—enreugh available or where/the physical dimensions or acoustic-wgrking
frequé¢ncy of the ultrasound transducer do not allow using a.radiation force balance. Usually, the measurement of
total |ultrasound power is more accurate to be measured by means of the radiation force methodq (see
IEC 61161:20086).

NOTE|2 Formula (30) applies to scanning modes of'non-scanning modes only if £ is the same for each p{ise.

NOTE|3 Formula (32) assumes the same numbep,0f pulses per ultrasonic scan line Mops for the specific scanning
mode

NOTE|4 Formula (32) assumes that thejacoustic power of each pulse in each of the m ultrasonic scan lines|is the
same.|This is not true if different scan {fges use different pulse types or aperture sizes.

8 Requirements for.specific ultrasonic fields

8.1 General

The ftequirements-listed in Clause 8 are either an addition to or supersede the applicable jones
specffied in Clause 5. See also Annex H. For the determination of absolute values of acqustic
presgure oreerived intensity (see 3.14), the hydrophone shall be calibrated in accordancg with
IEC ¢242772.

8.2 Diagnostic fields
8.2.1 Simplified procedures and guidelines

The measurement of the pulse-pressure-squared integral is required for many aspects of
ultrasonic field characterization.

In cases where the acoustic pulse waveform does not change shape within any particular
measurement plane perpendicular to the beam axis, the peak acoustic pressure may be used
instead of the pulse-pressure-squared integral.

NOTE 1 Frequently, this situation is encountered in continuous wave ultrasonic fields such as continuous wave
Doppler and physiotherapy transducers.
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If all the acoustic scan lines are assumed to be of equal magnitude and beam shape, the
overlapping scan line contribution may be determined knowing the beam shape and the
separation between scan lines in the measurement plane.

All acoustic scan lines should be sampled in order to locate the one with the largest peak
acoustic pressure.

NOTE 2 In practice, the variation between the acoustic output of different scan lines will depend on the type of
scanner. For sector scanners using rotating single-element transducers with a constant acoustic coupling path, the
difference would be expected to be small. In this case, sampling the central scan line and the two extreme scan
lines at the edge of the sector would be undertaken and an assessment made on whether it is necessary to determine

the output of other scan lines. If the difference between the peak acoustic pressures is less than 10 %,-there should
be-nojneed-to-measure-othertines it is unlikely that other scan lines need to be measured other lines.

8.2.2 Pulsed wave diagnostic equipment
8.2.211 Diagnostic fields in general

A hydrophone with an active element of diameter of approximately 0,5 mm“or less shall be
used| However, in addition the recommendations of 5.1.6.1 and 5.1.6.2 sh6uld be followef.

The rlepeatability of the positioning systems shall be 0,01 mm for three orthogonal adjustments
for tHe hydrophone (or transducer if the latter is the item that is'scanned).

For waveforms that are distorted by nonlinear propagation effects, i.e. those with a Jocal
distqrtion parameter aq (see 3.38) greater than 0,5/either a hydrophone with adequate

bandwidth (see 5.1.7) shall be chosen;—coerrectionssshall-beapplied{see-AnnexD)—¢ran

addiffonaluncertainty-in-the-measurement-shall-be tekeninto—account, or voltage-to-pregsure
conversion shall be performed using deconyolution of the frequency response of the
hydrpphone (see 5.1.7.2 and Annex D).

P\/DE hvdro
T 1= ao

\4

to-cefamic needle types.

Ceramic needle type hydrophones“are not recommended (see Clause B.9).

NOTE|1 In practice, the accuracy and repeatability of positioning systems is most important in the difection
perpendicular to the propagation, direction and, in most cases, +0,05 mm is often adequate. In the propapgation
direction, an accuracy of +04.mm is often adequate for most measurement situations. The highest accuracy|would
be required for highly focu§edfields (wide aperture) and at high frequencies (see 5.2.2.3).

NOTE|2 In case of distorted waveforms, additional demands are placed on the angular alignment because |of the
dependence of the directional response on frequency. Under these conditions, it is important to optimize the rgtation
of thelhydrophonelto ensure the maximum received signal (see 5.2.2).

NOTE|3 At-typical focal distances, the square law relationship between acoustic pressure and intensity is ysually
assumedsinvorder to derive intensity parameters. This assumption is made despite the uncertainty associated with
the nonlinear distortion that can take place.

8.2.2.2 Diagnostic fields in the absence of scan-frame synchronization

The ultrasound fields generated by clinical imaging scanners have become increasingly
complex as technology has advanced. The parameters defined in Clause 3 to describe the
spatial and temporal variation of pressure and intensity in the ultrasound field work well for
unscanned fields such as those used for pulsed Doppler or M-mode. However, it is becoming
increasingly difficult to use all of these definitions for the complicated pulse sequences
generated in scanned modes such as colour-flow imaging. In some cases, it might not be
possible to determine an acoustic repetition period for these sequences.

A modified set of acoustic parameters that might be more appropriate to modern imaging
equipment is outlined in Annex F.
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8.2.3 Continuous wave diagnostic equipment

A hydrophone with an active element of diameter approximately 0,5 mm or less shall be used.
However, in addition the recommendations of 5.1.6.1 and 5.1.6.2 should be followed.

The repeatability of the positioning systems shall be +0,01 mm for three orthogonal adjustments
for the hydrophone (or transducer if the latter is the item that is scanned).

For waveforms that are not distorted by nonlinear propagation effects, i.e. those where the local
distortion parameter q (see 3.38) is smaller than 0,5, it is not necessary to use a broadband

hydrophone (see 5.1.7)

In ulfrasonic fields where the peak acoustic pressure occurs close to the faeeye.g. at
distahces less than the minimum output beam dimension, the approximation for ultragonic
intengity (see 7.3) may be made, provided that an appropriate uncertainty )is” taken| into
accopnt.

PVDF or ceramic needle devices (see Clause B.9) are satisfactory~for measuremen{s on
contipnuous wave Doppler transducers. Membrane hydrophones may be“used providing care is
taken to ensure the reflection from the membrane does not interfere-with the output from the
ultrasonic transducer (see 5.2.2.2).

8.2.4 Diagnostic equipment with low acoustic output

For |hydrophone measurements on diagnostic ¢systems that fulfil the criterig of
IEC $60601-2-37:2007, 201.12.4.2 a) and b) to be<exémpt from the requirement to digplay
thermal and mechanical indices, the narrowbandapproximation can be applied even |f the
criterfia of 5.1.7.1 cannot be fulfilled. When using*this simplification, the additional measurement
uncefrtainty reflecting the limitations of a narggwband measurement of a broadband signalfshall
be cqnsidered, in particular, when comparing‘output data against thresholds.

8.3 | Therapy fields

8.3.1 Physiotherapy equipment

Methpds and requirements listed in IEC 61689 or IEC 63009 shall be followed dependirjg on
the ajcoustic-working frequency of the equipment.

For waveforms that arenot distorted by nonlinear propagation effects, i.e. those where the Jocal
distgrtion parameter q (see 3.38) is smaller than 0,5, it is not necessary to use a broadpand

hydrpphone.

If an| absolute value of acoustic pressure or derived intensity (see 3.14) is needed| the
hydrpphone shall be calibrated in accordance with IEC 62127-2 at the f,,| For

acoustic-working frequencies j,,; below U,5 MHZz, calibration shall be in accordance with
IEC 60565-1.

For fields generated by ultrasound physiotherapy devices a linear response, as referred to in
5.1.8, up to 1 MPa is generally adequate.

Measurements of effective radiating area (see for definition: IEC 61689) shall use a needle
hydrophone, with the active element made from either polyvinylidene fluoride (PVDF) or
piezoceramic. Care-shall should be taken to ensure reflections from the needle and its support
do not interfere with the measurements.

Cavitation effects can cause damage to hydrophones at the pressures that can be produced
by physiotherapy transducers. It is, therefore, essential to use degassed water for
measurements with peak acoustic pressure above 0,3 MPa.
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The maximum effective hydrophone-radius size used for the measurements shall be a,,,,, s0O
that:

pax < A2,5 (33)

NOTE 1 In most cases, in physiotherapy, the above criterion represents an effective hydrophone-radius size
larger than that recommended in 5.1.6. It has been derived from an analysis of its effect on the effective radiating
area, rather than on peak pressures, and the former is less sensitive to the effects of spatial averaging.

NOTE[Z Hydrophones are also used fo measure the beam non-uniformity ratio and the above criferion ik also
accepfable for those measurements [32], [33].

NOTE|3 For some treatment heads, ultrasound reflected back to the treatment head-may can affect output power,
particlilarly in the case of coherent reflections from absorbers with planar smooth surfaces. In these instancks, an
improyed approximation to free field conditions—may can be obtained by using acoustic absgrbers with tektured
surfaces.

Snedific reauirements for Hiah Intensitv Focussed Uitrasound (HIELMN eauinment are tinder
>pegHcFegquiremet S Fo—F—gR—te RSty +—oCcUSSe—/—tRaSOURG—Fin v ) equipmentarey4hGe!

8.3.2 High intensity therapeutic ultrasonic fields

To slupport acoustic output characterization in accofdance with IEC 60601-2-62, spgcific
requirements on the measurement of fields generated by high intensity focused ultrasjound
(HIFY) and high intensity therapeutic ultrasounds(HiTU) are specified in IEC TS 62556| with
respgct to measurement at relatively low output deels and methodology for extrapolating fhese
to higher therapeutic level fields.

For measurements at focus at clinical driving levels, the upper frequency range limit of 8 7}, ¢ in

the narrow-band approximation requireient according to Formulas (14) and (15) (see 5.1.7.1)
shall[be replaced by min [20 1, JO0 MHz], and the -3 dB cut-off frequency of the low-pass

filtering within deconvolution regularization (see 5.1.7.2.3) shall be at minimum the lesser jof 20
timeg the acoustic-working frequency f,,; or 100 MHz. Extrapolation ranges for hydrophone

calibfation data M, (f) shall beimited to below half of the acoustic-working frequency towards

zero [and above the lesser of 20 times the acoustic-working frequency or 100 MHz towards
the Nyquist frequency,_&.g. for 0 < /< f,,#2 and for min [20 f,,,s» 100 MHZ] </ = fNyquist-

NOTE|1 More restyictive bandwidth criteria than in general are needed here for adequate waveform reprodluction
due tq the largendmber of harmonics.

NOTE| 2 Hydrophone calibration data are expected to be available up to 100 MHz and acoustic-wgrking
frequéngies-are usually below 5 MHz for high intensity ultrasonic fields.

A linear amplitude response as specified in 5.7.8 to extend up to 5 MPa may not be sufficient
in many measurement situations for HIFU or HITU. If pressure signals exceed the linear
amplitude range of the hydrophone as defined in IEC 62127-3, corrections shall be employed
to compensate for the amplitude distortion within the 10 % criterion of IEC 62127-3 caused by
the nonlinearity in the pressure response of the hydrophone. The correction shall be taken into
account in determining acoustic quantities and associated uncertainties. If no such corrections
can be implemented, or if the pressure range exceeds the damage threshold of the
hydrophone, the hydrophone shall not be used.

NOTE 3 Extended linearity is needed here due to the large peak compressional acoustic pressures in high
intensity ultrasonic fields.

NOTE 4 The maximum pressure at the surface of a hydrophone can be significantly higher than the measured
free-field pressure due to the acoustic reflection of the incident wave. This needs to be taken into account within
guidelines for hydrophone usage and for corrections for non-linear effects.
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8.3.3 Non-focused and weakly focused pressure pulses

Specific comments on the measurement of fields generated by non-focusing pressure pulse
sources for pain treatment and other applications are specified in IEC 63045.

NOTE Such pressure pulse fields are usually described using pressure parameters rather than derived intensity
parameters.

8.4  Surgical fields

8.4.1 Lithotripters and pressure pulse sources for other therapeutic purposes

Speclmc requirements for the measurement of fields generated by pressure pulse Tithofripters
are sjpecified in IEC 61846.

For fields generated by lithotripters, the linear response, as referred to in 5.4.8s should be
known at least up to-between-and-including 80 MPa and in cases where measukements indicate
highgr peak compressional pressure values up to 150 MPa. Any nonlinearity’in the pressure
response of the hydrophone shall be taken into account in determining acoustic quantitie$ and
assogiated uncertainties.

NOTE|1 Pressure pulses are not only used for lithotripsy, but also for the treatment of pain, for example shpulder
calcifigation pain, tennis elbow, heel spur pain, etc. as well as for other medical applications (cardiac shockwave
applicption).

NOTE|2 Such pressure pulse fields are usually described using press(re parameters rather than derived infensity
paramjeters.

8.4.2 Low frequency surgical applications

For the characterization of low frequency surgical systems using a hydrophone| the
hydrpphone shall be calibrated in accordance“with IEC 60565-1:2006.

Reqgyirements as listed in Clause 5,-Clause 6 and Clause 7 do not apply to this type of
equipment.

Specijfic requirements for the measurement of fields generated by low frequency sufgical
systgms are specified in IEG61847.

8.5 | Fields from othér-medical applications

Preséntly there are noe specific requirements for this type of equipment.

9 CGompliance Conformity statement

9.1 General

The acoustical parameters shall be chosen from those defined in this document. To ensure
traceability, the settings should be recorded of any controls on the equipment console which
might affect the field generated.

For-cemphianee conformity with this document, the following shall be stated for any parameter
that is reported:

a) the arithmetic mean determined from measurements on a group of » nominally identical
systems, each with the acoustic output settings yielding the maximum output, where n = 3;
and

b) the overall uncertainty of the value determined under a).
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This overall uncertainty shall be calculated using an appropriate measure (with 95 %
confidence, for 95 % of the population) of the statistical variation and the measurement
uncertainty (at a level of confidence of 95 %).

The tolerance interval is to be understood in accordance with ISO 16269-6:2005. More
guidance on assessment of uncertainties is given in Annex I.

Measurement uncertainty involves many components (see Annex ). It shall be an
assessment of the contributions of all uncertainties (these referring to measurements made
on one system). The measurement uncertainty shall be calculated as expanded
uncertainty corresponding to a level of confidence of 95 %. The method of combining the
uncertainty contributions specified by ISO/IEC Guide 98-3:2008 shall be followed.

NOTE| "tolerance interval" refers to the production scatter and "uncertainty" refers to the measurement method.
9.2 | Maximum probable values

A requirement of the type "shall conform to" means that the measurement uncertainty and
tolerance interval shall be included when comparing against a limit. The maximum prolpable
valugs shall be determined in accordance with the following procedure:

a) measurements shall be carried out on a group of » nominally identical systems, each with
the acoustic output settings yielding the maximum output, where n.2= 3;

b) the maximum probable value shall be calculated by linear summation of the upper toleffance
limit of the one-sided tolerance interval (with 95 % confidénce, for 95 % of the population)
aphd the measurement uncertainty (at a level of confidence of 95 %).

The tplerance interval is to be understood in accordancewith ISO 16269-6:2005. More guidance
on agsessment of uncertainties is given in Annex I«

NOTE|1 "tolerance interval" refers to the production scatter'and "uncertainty" to the measurement method.

It may not be possible to comply with all thecrequirements of this document. If measurements
are made for the purposes of acoustic output specification and labelling which do not cgmply
with-gay a particular requirement then the lack of-cempliance conformity shall be clearly stated
whern reporting results. A statement,of non-cemplianee conformity shall include the relg¢vant
claude or subclause and shall give the reason for non-cempliance conformity.

NOTE|2 Selected examples of-non-g¢ompliance-may-be non-conformity are as follows, where IEC 62127-1 refers to
this dgcument.

a) IHC 62127-1 was complied*with, except for 5.1.7; the sensitivity of the hydrophone at 20 MHz was 60 %|below
thle sensitivity at 5 MHz.

b)

c)

HC 62127-1 was complied with, except for 5.1.9; the change in amplifier gain from 5 MHz to 20 MHz was 15 dB.

HC 62127-1 was'complied with, except for 5.1.6; the effective hydrophone-radius size was 0,5 mm.

9.3 | Sampling

For good”manufacturing practice, measurements should be taken on a certain percentage of
production but, exceptionally, could be taken on each manufactured unit.

For the purpose of determining the product variation of the reported parameters when full repeat
measurements of all parameters are impractical, this variation may be estimated from partial
repeat measurements (by repeating the measurement of a subset of the parameters).

Standard statistics on probability and confidence as given in ISO 16269-6:2005 shall apply.
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Annex A
(informative)

General rationale

This Annex A provides a concise rationale for the important requirements of this document and
is intended to provide background information for those who are familiar with the subject of this
document but who have not participated in its development. An understanding of the reasons
for the main requirements is considered to be essential for the proper application of this
document. Furthermore, as medical ultrasonic equipment continues to develop, it is believed

that gratiomateforthepresentrequirements—wittfacititate the—appticatiomofthisdocummant to

new gquipment and facilitate any future revision of to this document.
The pumbering in this Annex A refers directly to this document.

Clause 3: Many of the acoustic parameters are defined such that either a single value may be
giver| or, alternatively, a value may be given that corresponds to measunements in a spegified
plang. This option permits greater flexibility in the application of this document. For instange, in
the case of transducers used for physiotherapy, or divergent beamrtransducers such as jused
for fgetal monitoring, it may not be appropriate to determine acoustic parameters in the plane
contgining the maximum spatial-peak temporal-peak acoustic pressure. The form of
definjtions used in this document permits a choice of measurenyent plane based on criteria pther
than those given in this document.

Terms 3.25 and 3.27: Both the sensitivity of a hydrophone when connected to an elegtrical
load,[such as an oscilloscope, and the sensitivity into an infinite impedance load (open cifcuit)
are defined as they are both relevant to the practical application of hydrophones.

Term 3.38: At the high acoustic pressures generated by medical ultrasonic diagnostic
equigment (peak-compressional acoustic pressures in the range of 0,1 MPa to 10 NPa),
therg can be severe distortion of the acoustic pulse waveform, especially in the focal region.

An important aspect of this document is that it addresses these nonlinear effects that are
assogiated with the propagation of-ultrasound in water. This distortion is caused by thg fact
that, [during an acoustic cycle/ the compressional part of the wave travels faster thap the

rarefaction part giving rise t0 a progressive distortion of the waveform. In general, the dggree
of digtortion present at any'point in an acoustic field increases with the increase in a numier of
factofs. These are thewdistance from the transducer, the acoustic frequency, the
acmlstic pressure at\the face of the ultrasonic transducer, the nonlinearity parameter far the
prop

and scattering ,of-ultrasound in various types of tissue will lead to a reduction in the

will rlot be_significant. For instance, imaging through the eye, bladder and amniotic flui
specific,éxamples where much of the path is through liquid. To cope with this nonlinearit
document includes, in the list of parameters that may be used for specification purposes|(see
7.2.1%; i ity—H- i i s an
index predicting the importance of nonlinear distortion at the focus, see IEC TS 61949. From
this parameter, the bandwidth of the hydrophone/amplifier and the need for corrections to
measured peak pressures may be determined.

Terms 3.50 and 3.51: Again, both the peak acoustic pressures are defined as often there is a
difference of up to a factor of three between them. As the peak-rarefactional acoustic
pressure is most likely to be relevant to acoustic cavitation (the decompression part of the
cycle), it is important to distinguish between them.

Term 3.87: The definition is intended to distinguish between the ultrasonic scan lines that
intersect the chosen plane at gradually changing positions during the acoustic scan, and those
that essentially do not. For instance, those in the latter category would be multiple excitations
of the same ultrasonic transducer or ultrasonic transducer element group for focusing at
different depths or for interlaced Doppler lines in duplex scanners.
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Subclause 5.1.7: Broad hydrophone bandwidths are important for characterizing the temporal
characteristics of medical ultrasound fields when short pulses are used or when significant
nonlinear distortion is present. One consequence of nonlinear distortion is that an increased
high-frequency response is necessary due to the higher harmonics generated [9]. In [9] it was
found that a +3 dB bandwidth of at least eight times the acoustic-working frequency, 1,

was reasonable for keeping measurement errors below about 5 %. A lower limit of the frequency
band used in the determination of the hydrophone bandwidth well below £, is desirable also,

particularly for accurate measurement of the peak-rarefactional acoustic pressure, p. [10].

One reason for increased low-frequency hydrophone response is that the shorter the pulse,
the broader is the spectrum below as well as above the centre frequency. Additionally, for p,,

the wavefa as S g-fro
propagation causes the portion of the pulsed waveform where p, occurs to be dominated by
low-frequency components. In [10], which contains both simulations and measurements qf the
effects of band-limited response on short pulses, based on the hydrophone assembly having
a sinfgle-pole, high-pass response, it was found that to reduce measurement errors“to less|than
5% fo 10 %, the hydrophone assembly lower limit of the frequency band used in the
deteqmination of the hydrophone bandwidth should extend to at least anorder of magnijitude
beloW fows- Thus, in this document it is recommended that, if possible, the'lower and upper [imits

om-the combined offe of source-d on-and-honlinear

the pulsed waveforms be set at f,,+/16 and 8 f,s. For practical reasons, the lower and dpper
limitg of the frequency band used in the determination of the hydrophone bandwidth are f,,, /2
and-4 awioF40-MHz 8 £, ¢. For the frequency ranges below f,,+/2 and abovg the
lessgr of 4 f,,,s and 100 MHz, however, the hydrophone qajibration data may be extrapofated

if they are not available from calibration measureménts (see Annex D). If narrow-band
requirements are not fulfilled, broadband measurements using waveform deconvolution are
perfgrmed in accordance with 5.1.7.2 and similar bandwidth criteria have been adopted for this
methpd.

NOTE| 1 An absolute upper limit of 40 MHz wag™specified in IEC 62127-1:2007 due to the limitation pf the
accon]panying hydrophone calibration standard IBS 62127-2:2007. However, since then calibration methodg have
been ¢xtended [11], [18], [34], [35], [36], [37], [881sand this limitation has been dispensed with.

NOTE| 2 The upper extrapolation frequentcy limit of 4 f, . or 100 MHz rather than 8 f is allowed to a¢hieve

practigability in particular for f, > 12 Mz and for f, > 25 MHz, respectively.

awf

NOTE|3 More restrictive bandwidth criteria are required in 8.3.2 for high intensity therapeutic ultrasonic fielfs.

Clauge 7: A large number of acoustical parameters are defined in Clause 3 and given here.
These provide the basis for the specification of a wide range of ultrasonic fields, althpugh
emphasis has beeh-given to medical ultrasonic equipment. However, for any particular
equigment, it is.€xpected that only a small group of these acoustical parameters will be chosen,
for instance, for.the purpose of acoustic output labelling.

Clausge 9:ilf is not the purpose of this document to specify the acoustical parameters for acqustic
outpyt\abelling. Clause 9, however, provides the necessary guidelines for the declaratipn of
acoustical parameters for the purpose of acoustic output labelling. Provision is made for the
reporting of results when the measurement procedures do not meet all the requirements of this
document.

A general discussion on the accuracy of the measurement of acoustic quantities is given in
Annex I.
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Annex B
(informative)

Hydrophones and positioning

B.1 General

There are four basic types of hydrophone currently in use. Two hydrophone constructions
employ an active element made from either a piezoelectric ceramic or polymer (usually
poly\;" doride VB —whieh— dppotrted—atthe—endofareedte-tike gdetare; The
third type is the membrane hydrophone, which uses a large sheet of PVDF, the centralr¢gion

Nonqg of these current designs of hydrophone yields devices that meet all the requirements of
this flocument over the full frequency range-50-kHzto—40-MHz of ultrasonic applicafions.
Preliminary reports concerned with the performance of optic and fibre-optic hydroph
indic@te that in the future they could meet these requirements and eliminate the need for s
averztging corrections (see [39], [36], [40]). Nevertheless, therelative importance o

requi
far fi
two dr three times the acoustic wavelength. Also, for acoustic pressures less than 0,1 MP3
bandwidth of the hydrophone is less critical because nonlinear distortion is unlikely {o be
significant at the propagation distances normally encountered. Likewise, for measuremenits on
pulsgd fields, reflections from membrane hydrophones are less important than for conti
wavd fields.

B.2 | Electrical loading considerations

The ¢nd-of-cable loaded sensitivity of'a hydrophone, (see 5.1.3), should be determined|from
its end-of-cable open-circuit sensitivity using the method described in IEC 62127-2. Also, in
IEC $2127-2 the effects of changing the loading conditions are described.

B.3 | Hydrophone signal amplifier

The purpose of a hydrophone signal amplifier is to provide a buffer between the hydrophone
and the measurement system. Such a buffer overcomes cable resonance effects at|high
frequencies and ‘provides extra gain and a constant electrical load for the hydrophong¢. An
ampl|fier may be incorporated in the hydrophone as an integral amplifier, in which casg it is
not plossible~{o separate the two devices. Alternatively, it may be a separate device into which
the hlydrophone is plugged either directly or using the connector at the end of the hydrophone
cablg."Disadvantages of any hydrophone amplifiers are that they tend to limit dynamic fange
and will need a power supply, thereby adding complexity. An additional disadvaniage of an
integral amplifier-is can be the need for extra power supply wires at the hydrophone. See also
[23].

B.4 Hydrophone cable length and amplifiers

When a hydrophone is connected to a voltage measuring device such as an oscilloscope, or
to an amplifier, it is important to consider the electrical characteristics of the resulting
measurement systems.
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It is not usually possible for the electrical output impedance of a hydrophone, excluding any
integral cable, to be matched to the impedance of the cable. This is because the output
impedance of a hydrophone usually exceeds that of the cable. Consequently, it is not practical
to use an electrical load at the end of the cable that matches the cable impedance if a significant
loss of signal amplitude and waveform quality is to be avoided. Hence, without an electrically
matched cable and load, reflections of the signal will occur at the end of the cable, causing
"ringing". These cable resonances will be maximum when the cable length equals one quarter
of the wavelength of the electrical propagation in the cable. Typically, for normal coaxial cables,
the resonance occurs at cable lengths (in metres) given by 50/{f} where {f}-is denotes the
numerical value of the frequency in MHz. Thus, at 50 MHz, a cable length of 1 m will cause
resonances. The significance of resonances will depend on the mismatch of the electrical

f the
cable
come
utput
impefdance matched to any connecting cable, the cable being terminated by a load equal tp the
chargcteristic impedance of the cable. Choice of the gain and bandwidth of the amplifjer is
important in order to avoid exceeding its dynamic range. For'a hydrophone with a sensitivity
of 0,03 yV/Pa (typical 0,5 mm PVDF device) applied to measurements of diagnostic ultragonic
equigment where peak acoustic pressures can be as‘high as 10 MPa, an amplifier of lunity
gain with a dynamic range of 0,6 V peak-to-peak will be’'needed. See also [23].

Another important aspect in choosing an amplifier is to match the frequency response qf the
ampllfier to that of the hydrophone. In particular, to avoid resonance problems, the 43 dB
bandwidth of the amplifier should not exceed the frequency corresponding to the thickness
reSO{ance mode of the hydrophone. |t is“also important to ensure that, beyond the frequency

corrgsponding to the thickness resonance mode of the hydrophone, the frequency response

of th¢ amplifier decreases at a rate ©f typically -6 dB per octave.

B.5 | Transducer positioning

The following degrees-ef-freedom should be provided for the ultrasonic transducer:

Rotational adjustment about three orthogonal axes, one of which should be approximately
parallel to the beam axis.

Althgugh(continuously variable translational degrees of freedom are not essential, it may be
necepsary to provide some movement in order to position the ultrasonic transducer at different

h 4l 4 L
p|aC S thetatK:

The ultrasonic transducer is set up in the coordinate positioning system such that the axis of
symmetry of its active element is parallel to the z axis of the hydrophone positioning system.
Here, the axis of symmetry for ultrasonic transducers with cylindrical active elements-shal
should be the axis of the cylinder. For ultrasonic transducers with spherical active elements,
the axis of symmetry-shal should be the axis that passes through the geometrical centre of the
sphere and approximately bisects the usable external surface of the ultrasonic transducer.

The ultrasonic transducer should be mounted in such a way that rotation about the axis of
symmetry through 360° is provided.
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NOTE For spherical ultrasonic transducers consisting of a segment of a sphere, the axis of symmetry would be
the axis passing through the geometrical centre of the sphere and through the centre of the circle defining the
segment. For some spherical ultrasonic transducers consisting of a full (or nearly full) sphere supported by a thin
structure such as a tube or rod, the axis of symmetry would be the axis passing through the centre of the sphere and
also through the centre of the supported area.

B.6 Alignment of hydrophones

This Clause B.6 provides useful procedures for the alignment of hydrophones at the point of
spatial-peak temporal-peak acoustic pressure in a plane perpendicular to the beam-
alignment axis.

In th¢ case of membrane hydrophones, it is possible to test for correct alignment by-rafating
the Hydrophone through 180° about an axis passing through the plane of the active\element
and noting the change in the received signal when monitoring a pulsed acoustic field:A change
in the time delay between excitation and reception indicates a misalignment_in the dirgction
normfal to the active element, and a change in the amplitude indicates a misalignment ip the
plane of the active element. In the case of continuous wave excited ultrasonic transducgers,
the same procedure can be used with respect to amplitude, and, if the hydrophone has alijeady
been|aligned to within one quarter of an acoustic wavelength in water;, fine adjustments can be
madeg by noting the phase change on rotation.

In th¢ case of needle hydrophones, it is possible to test for €orrect alignment by rotating the
hydrpphone through an angle less than 180° about an axis passing through the plane gf the
active element.

For Roth types of hydrophones, optical techniques«using either a travelling microscope| or a
smal| diameter laser beam can be used. Again, the\procedure would be to observe the posgition
of the active element and its change when the hydrophone is rotated using the micropositiopning
systgm.

NOTE| To avoid effects on the measurements.made on continuous wave fields due to reflection of ultrasoundl from
the syrface of membrane hydrophones, the ‘hydrophone-may can be tilted. Tilting ensures that the reflected
ultrasgund either does not interfere significantly with the transducer or is not subsequently reflected from the
transducer face, producing interference effects. Two methods-may can be used to determine the rotation refuired
and a|correction applied to measurements for the reduction of the signal due to the directional response |of the
hydrojphone.

The fifst method is to observg the signal from the hydrophone and to determine when the interference ¢ffects
decregase to a negligible level when the hydrophone is rotated. To observe the interference effects, the
hydrojphone/transducer s€paration is altered by about £0,5 mm, which will cause oscillations of the measured|signal
if such) effects are presenty The amplitude of oscillation will decrease as the angle of rotation of the hydrophpne is
increased. Usually, the angle found using this method is less than that determined using the second method,|which
is to determine the-angle at which most of the ultrasound reflected from the membrane will miss the transducef. This
angle [is determjned from tan (a/2l) where a is the geometrical radius of the transducer active element and /|is the
distange between the transducer face and the hydrophone. As an example, consider measurements made uging a
0,5 min bilamifnar construction membrane hydrophone (thickness 0,05 mm) on a 1,5 MHz physiotherapy trangducer
with ah active element of a diameter of 20 mm. An angular rotation of 14° is needed for measurements made at a
distance 'df20 mm. Correction to measurements for loss in signal due to the directional response is determinefl from
them cHefReh O 2a e ;“:‘; eSPOoRSe ee—o—14)- O RE—€a “:‘;‘ ee—refre—a } %for
acoustic pressure parameters and +12 % for derived intensity parameters is therefore needed.

B.7 Water bath lining material

Comphance Conformity with 5.2.3.2 for overall echo reduction of an acoustic absorber-may can
be checked using the-following procedures described in IEC TS 63081. Echo reduction should
be measured at the acoustic-working frequency using tone-burst ultrasound;,—with—the



https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

- 68 — IEC 62127-1:2022 RLV © IEC 2022

echo reduction = - 20 log,, (Uabsorbeﬂ (B-H
Ureflector

B.8 Recommendations for ultrasonic equipment being characterized

To trigger the measurement system, an electrical signal should be provided synchronized to
the excitation of the ultrasonic transducer or each ultrasonic transducer element grogp.

For gutomatic scanning systems, an additional trigger signal should be provided synchronized
to eqch acoustic repetition period. These trigger signals should be used-ta permth the
obsefvation of the received signal at the hydrophone from any chosen ultrasonic scan line.

Alterpatively, if the scanning in automatic scanning systems can be "frozen”, a trigger signgl for
the dhosen ultrasonic scan line should be provided. However, in this case, tests sh3all be
undeftaken to ensure that there is no significant variation betweén, a "frozen" beam gnd a
scanping beam. This exercise is not trivial and depends on the type of scanning system. Also,
true gdetermination of temporal average parameters is not posgsible for a "frozen" beam.

NOTE| For the separation of interlaced Doppler and scan lines in céentain types of duplex automatic scgnning
systems, it is useful to display the trigger signals on a separate dscilloscope that has a delayed time bade and
delayqd time base output facility. This output-may can be used todrigger the measurement system.

B.9 [ Types of hydrophones

B.9.1 Ceramic needle hydrophones

Ceramic needle hydrophones usually.«consist of a small circular disc of piezoelectric cefamic
mounted on the end of a needle or pencil-like support. The active element of the hydrophone
is backed by an acoustically absorbing material and has a size close to the diameter df the
suppprt, often in the range of .05 mm to 1,5 mm diameter. The signal cable inevitably pgsses
through the ultrasonic field, which can cause problems from the triboelectric effect.

The Tnd-of-cable open=circuit sensitivity of these devices is typically 0,7 yV/Pa for a cefamic
needle hydrophone-with an active element of 1 mm diameter. When carefully designed,|they
may |have a relatively flat frequency response to about 6 MHz. However, in general, rfadial
resomance modes:and reverberations in the backing material often lead to variations of +10 dB
in the frequency response between 0,5 MHz and 15 MHz. In addition, the directional response
of m@st ceraniic needle hydrophones available is often unpredictable and can show signi}]icant
diffefflences)from theoretical predictions. See [41] and [42]. In some cases, however, direcfional
respgnses of ceramic needle hydrophones were found to be consistent with theorgtical
predictions {4371

B.9.2 PVDF needle hydrophones

PVDF needle hydrophones are similar in external physical construction to the ceramic needle
hydrophones described in B.9.1. However, the active element is the polymer PVDF. Typically,
the end-of-cable (1 m) open-circuit sensitivity of a PVDF needle hydrophone with a 1 mm
diameter active element is 0,12 yV/Pa and the resonance frequency is beyond 25 MHz.
Carefully designed PVDF needle hydrophones show a smooth frequency characteristic
(21,5 dB) and a predictable directional response. The effective diameter of such hydrophones
[44] is often very close to the physical diameter of the active elements. See [23], [42], [43], [44],
[45].
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B.9.3 PVDF membrane hydrophones

PVDF membrane hydrophones consist of a thin film of PVDF stretched across an annular
frame. Electrodes are evaporated onto the two surfaces and an overlap region defines the active
element after it has been poled. Various designs have been produced offering different degrees
of electrical shielding for the active element. Essentially, the membrane transmits most of the
ultrasound when the diameter of the membrane is sufficiently large to enable the whole of the
ultrasound beam to pass through it. With this design of hydrophone, radial resonance modes
in the megahertz frequency range are eliminated, and hence they exhibit a smooth frequency
response. Typically, for a 1 mm diameter active element, the end-of-cable (0,7 m) open-circuit
sensitivity of membrane hydrophones is about 0,10 pV/Pa and the resonance frequency is at
approxi i i i i at all

give rise to larger side-lobes in the directional response. The effective diameter of |such

hydrpphones differs from the physical diameter of the active elements and depends oh the

frequency of the received signal. See [24], [17], [42], [34], [46], [47].

B.9.4 Fibre-optic and optic hydrophones

In the fibre-optic hydrophones that have been developed for megasurements in medical
ultragound fields, the fibre is aligned so that the end face is normal‘to, the direction of acqustic
propagation, just as the element in a piezoelectric needle hydrophone would be. I this
configuration the fibre behaves as an extrinsic rather than infrinsic sensor, in that its pasic
functjon is simply to carry coherent light to the tip where the‘transduction process is initiated.
Thre¢ basic designs have been developed to create a reflected light signal that can be rejlated
to th¢ acoustic field. In the simplest approach, a bare_fibre is cleaved to form a right circular
cylinger. In the two other designs, an improvement-in sensitivity comparable to piezoelgctric
polymer hydrophones can be achieved by treating the fibre tip, but at the cost of dgsign
simplicity and replacement ease. In choosing aptic hydrophones the following points gre of

concern.

a)

b)

Rlefractive index change type hydrophones, for example fibre tip [39].

In the simplest approach, light from®a laser diode is coupled to a multi-mode fibre wWith a
bhre end face. To a good appreximation, the light is reflected according to the Fresnel
intensity reflection coefficient; R*= [(n. = ny,)/(ng *+ n,)]%, where n. and n,, are the indices of

ré¢flection refraction of the fibre core and water, respectively. Pressure variations in the
afoustic wave cause a change in density, which in turn alters the refractive indices| and
thus the reflected light -intensity. A minimum detectable pressure of 0,5 MPa has jpeen
aphieved, but thisAevel could possibly be reduced by using signal averaging in casgs of
re¢petitive signals; high light source powers or very sensitive photodetectors. The fibfe tip
has a high damage threshold, but should it be damaged by cavitation, the fibre can be fecut
wlithout affecting sensitivity. After cleaving, the reflected amplitudes in water and, if possible,
il air negd\to be confirmed to be the same as before damage in order to assure thgt the
sensitivitit has not changed. Ideally a check with a reference source of known (sub-damage)
Litput.should be performed [12]. An alternative implementation of the refractive changg type
ydrophone uses a thick glass block instead of the fibre tip [48], [49]. Such a devic¢ can
possibly provide a better Tow frequency Timit in comparison to the diffraction Timited fibre-
optic version, which is likely to affect the peak rarefactional pressure part of the waveforms
determined [50].

Two-beam interferometer [51], [52], [53].

To increase measurement sensitivity, the fibre tip can be mirrored and incorporated into the
measuring arm of a two-beam interferometer. The optical phase change caused by the tip
movement results in a signal proportional to the acoustic displacement or, when a
heterodyne technique is used, the particle velocity, both of which lead to a calculation of the
pressure.

I O



https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

c)

B.9.5 Relative performance of different types

- 70 - IEC 62127-1:2022 RLV © IEC 2022

Fabry-Perot interferometer [54], [55], [56], [57], [58], [59], [60].

As an alternative to the optical complexity of two-beam interferometry, but still with improved
sensitivity compared to the bare fibre design, a Fabry-Perot (FP) interferometer can be
formed by attaching an FP cavity to the end of the fibre. When light is sent down the fibre,
optical reflections occur at the interfaces between the fibre and the cavity, and the cavity
and the load (water). The optical reflection coefficients are determined either by the Fresnel
formula for uncoated cavity surfaces or by the type and thickness of metal coatings on these
faces.

Various sources of distortions have been noted in fibre-optic hydrophones and several

methods to analyse and compensate for these effects have been studied [61], [62], [63],
(64

In addition to the fibre-optic versions, Fabry-Perot interferometer type hydrophonesl with
plane substrates have also been constructed. Advantages of such sensor designs”arg the
ppssible use as array sensors [65], [66] and the exclusion of acoustic resonance and
d[ffraction effects of the fibre body from the frequency response [67].

The ¢hoice of a particular type of hydrophone for a specific task will depend on a number of
factors. As there is a large variety of designs of hydrophones of all’‘basic constructional types,
it is not possible to produce simple guidelines for choosing the most-appropriate one. Howgver,

the fpllowing points are worth noting.

a)
b)

c)

B.10 Typical specification data for hydrophones

Examples of typical properties of certain hydrophone types are given in Table B.1.

Almembrane hydrophone will exhibit less variation in its,frequency response than a n¢edle
hydrophone.

The sensitivity of a hydrophone with a ceramic{active element will usually be higher|than
ohe with the same diameter active element made from PVDF.

In the case of membrane hydrophones, the membrane constitutes a large, plane obj:]acle
of finite reflectivity in the ultrasonic field:\The reflected part of the ultrasonic wave might
return in a coherent way to the ultrasonic transducer and react on it by acdustic
interference [68]. This is particularlycimportant in continuous wave excitation of ultragonic
tlansducers, and this source ofierror should be kept in mind, although its effe¢t on
nmeasurements can usually be mihimized. In all types of needle hydrophone, the eff¢ct of
reflections is present but to alsmaller extent.
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Table B.1 — Typical specification data for hydrophones, in this case given at 1 MHz [69]

End-of-cable
loaded

1 mmn diameter

sensitivity (with Electric load End-of-cable
Hydrophone |2 specified load | | o and Cable capacitance End-of-cable
type Z) parallel length ¢ open-circuit
L capacitance or sensitivity
End of cable
M _HM, () resistance and
parallel
(specified load) capacitance
J,VIICU
puV/Pa m uV/Pa
PVDF
needle 0,100 ;OMp(IE 1 130 pF 0,123
1 mmn diameter
PVDF
needle 0.032 ;OMpf; 1 130 pF 0,034
0,6 nhm diameter
PVDF 0 kO 600
mlembrane 5 , ;
0,098 5 pF 0,7 128 pF 0,104
1 mmn diameter
PVDF 0kQ 12 k0
membrane 5
0,033 5 pF 0,7 97 pF 0,034
0,5 nhm diameter
Ceramic I Mo
needle
0,56 30 pF 1 150 pF 0,67
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Annex C
(informative)

Acoustic pressure and intensity

2022

Traditionally, ultrasonic fields have been characterized by the parameter of intensity and this is
appropriate and directly relevant for many applications.

However, the instantaneous intensity /() may be given by

wher
p(?)
v(1)

Unds
Form

Thes|
acou
inten

To ill

1(z) = p(2) v(1)

b
is the instantaneous acoustic pressure;
is the particle velocity.

r conditions of plane progressive waves, the instantaneous(intensity is given by ¢
ula (C.2) or Formula (C.3):

1(2) = p(1)?Ipc
I(t) = pc w(t)?
e expressions have only limited validity and cannot generally be applied througho

stic field. However, Formula (C.2)<s almost exclusively used to derive instantan
sity from hydrophone measurements of instantaneous acoustic pressure.

ustrate the significance of(this, it can be shown (see [70]), for example, that the ra

the t

C.1)

ither

C.2)

C.3)

Ut an
pous

tio of

ue intensity to the plane wave approximation value is 0,66 at a distance of 5 mm fror!]n the
face |of a circular plane piston ultrasonic transducer of diameter 30 mm and in conti

wave operation. At a distance equal to the diameter of the ultrasonic transducer, the ra
abouf 0,94.

It is {for these réasons that this document recommends the specification of acoustic pres
parameters a@nd; as such, these are the measured parameters appropriate to any acoustic

For theldetermination of derived intensity from acoustic pressure, the values of p, ¢ and

distil

uous
tio is

bsure
field.

c for

d-or de-ionized water _as a function of temperature given in Table C 1_may be usd

d.

Unlike peak pressure parameters, derived intensity data do not depend on phase data of the
pressure spectra due to the quadrature of the pressure data and Parseval’s theorem [36]. Thus,
for the determination of derived intensity from acoustic pressure using waveform deconvolution
(see Annex D), phase response data of the hydrophone is not required, e.g. a constant phase

of ze

ro versus frequency can also be used.


https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

IEC 62127-1:2022 RLV © IEC 2022

73—

Table C.1 — Properties of distilled or de-ionized water as a function of temperature [71]

Temperature Density of the water Speed of sound in the Characteristic acoustic
water impedance
T P c pc
°C 108 kg/m? m/s 108 kg/m?/s
16 0,998 9 1469,4 1,467 8
18 0,998 6 1476,0 1,473 9
20 0,998 2 1482,3 1,479 6
22 0,997C 483,93 460 U
24 0,997 3 1494,0 1,490 Q
26 0,996 8 1499,3 1,494\5
28 0,996 2 1504,4 1,498 7
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Annex D
(informative)

Voltage to pressure conversion

D.1 General

The relationship between the pressure experienced by a hydrophone and the voltage it
produces at |ts output is related through the end of- cable loaded sensmwty ofa hydrophone

Listic

pressure p(¢) according to Formula (D.1):

PO=e (M _(Faner (1) = u (0) 1M (fawr)l D.1)

if the| frequency response of the hydrophone meets the criteria in 5.1.7.1 and

PO=STULDAMUBT  p(0) = Z L)/ My ()] D.2)

othenwise (see 5.1.2).

The nationale behind this approach is that Formula (D.1) is only valid if:

|
—_

He acoustic field generated by thevultrasonic transducer has a very narrow frequency
pndwidth, or

|
= T

He end-of-cable loaded sensitivity of the hydrophone across the bandwidth of the
ydrophone does not vary significantly from the end-of-cable loaded sensifivity
easured at the acoustie<working frequency.

3z

In alll other cases, the-ftequency response of the hydrophone-sheuld-be is deconvolved|from
the ehd-of-cable voltage using Formula (D.2). These requirements contribute to the bandwidth
specffications of 5:1.7.2.

The fend-of-cable loaded sensitivity, M, (f), is a complex-valued quantity—and but i has

histofically ybeen supplied as a magnitude-only quantity. However, there are now seyveral
natiopal standards and other laboratories capable of measurlng the phase respon<e of
hydr 6 saD-2
according to Formula (D.2) canalse make use of this addltlonal data See [17], [18], [34] [35],
[36], [72], [73].

An alternative approach to measuring hydrophone phase response is the computation of phase
response data from modulus response data. A minimum phase system can be assumed for
some hydrophones, which allows an estimation of the frequency-dependent phase response
using, for example, Hilbert-Transform methods or iterative phase signal reconstruction
techniques [73], [74], [75].

A straightforward easy-to-implement method of calculating the discrete phase response data
argM(f,,) in rad from modulus response data for minimum phase systems is provided by the

Bode gain-phase relation formulation [76], which can be written here as Formula (D.3):
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_ 27, ¥2in(l; (£,)|/|M ()])

2 2
n n=0 fn _fm

argM (/) s (D.3)

where n and m run from 0 to N/2, n # m, N denotes the number of time signal data points
(resulting in N/2 +1 frequency domain data points in the single-sided spectrum, see
Clause D.3), f, and f,, denote discrete frequencies, and Af'is the constant frequency increment,

€.g. Af=fn+1 _fn'

NOTE| Depending on the sign convention of the Fourier transformation algorithm used, the ph sjponse
calculpted with Formula (D.3) possibly needs to be inverted, e.g. needs to be multiplied with =1. A sign will
lead t¢ waveforms obscured during deconvolution showing non-physical additional oscillations an ﬂ’[ys, can|easily
be spg¢tted in a test application. Q‘gl,

The methods of phase calculation from modulus responses may also be helpful when usgd in
comfination with measured hydrophone phase data to correct the phae\e! calibration dafa for
lineaf-with-frequency terms by this comparison. Furthermore, it ma)&%e used to adequately
extrapolate the measured data below and above the experimentallg.é%ailable frequency ranges
by agsuming reasonable modulus data for those frequency ra irst, see D.4.2, and|then
calcylating the suitable phase response extrapolation wit?&}mula (D.3). An applidation
exanjple for this method is described in [19]. s\\
O

A cdllculation scheme including step-by-step guidaﬁ? and examples can be found|in a
decopvolution tutorial available through online qug tion [77]. The tutorial uses fregware
software tools only and comprises all necessaryS@ edures for deconvolution and assodfated

uncertainty estimation3. Q
Z
)
D.2 | Hydrophone deconvolution %&écedure
W

3\

The gomplete process for deconvolving the full frequency response of a hydrophone accofding
to Fgrmula (D.2) is shown as a f. diagram in Figure D.1.
O

é
&S

3 This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of this product.
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Acquire time domain
data wL(f)

Is data narrow-band, or has

hydrophone very flat response?
YES NO
——
Use Equation D.1 to Compute Fourier transforni of
Compute instantaneous measured data, U|f)

acoustic pressure p(t)

Convert to single-sided spectrum for
use with cdlibration data, AfL(7)

l

Calculate P(f) = Li(f)fMLT)

L 4

Frequency domain parameters
are calculated from P(f)

Convert P(f] back to double-sided
spectrum again

Compute inverse Fourier transform
of P(f) to yield deconvolved p(t)

L 4

Time domain (pulse) parameters
are calculated from p(t)

1EC 147008
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Acquire time domain
data u ()

Is data narrow-band, or has
hydrophone very flat response?

Yes No

Use Formula (D.1) to Compute Fourier transform of

compute instantaneous measured data, U, (f)
acoustic pressure p(r)

A

Convert to single-sided spectrum for
use with calibration.data, M, (/)

A

Frequency domain parameters ——» Cdlculate P(f) =U, (/M (f)
are calculated from, P (f)

A

Convert P(f) back to double-sided
spectrum again

A

Compute inverse Fourier transform

Time domain (pulse) parameters &—» of P(f) to yield deconvolved p()

are calculated from, p(f)

FC

Figure D.1 — A flow-diagram of the hydrophone deconvolution process

D.3 | Converting the.data between double-sided and single-sided spectra

Hydrophone calibration data is typically provided over a range of positive frequency vdlues,
whergpas conventional fast Fourier transform routines output zero-centred frequency data| with
both |positive~and negative frequency components. Due to the symmetry of the frequency
spectrum, the” conversion to a single-sided frequency spectrum (containing only pogitive
encies) for use in the hydrophone deconvolution process should be trivial. In fact, pften
userg are’only presented with a single-sided spectrum and may be unaware of the double-gided
natu fgi : ; T f sform
routines do not accomplish this process accurately. A brief description of both the problem and
its remedy follows.

Consider a set of data sampled at frequency f,, and thus having a Nyquist frequency,#y—=+#./2
INyquist = fs/2. A typical Fast Fourier Transform (FFT) algorithm will return points ordered such
that the first point has frequency fy then f3, f5, ... up to#y fyyquist- The next point is at—=#_,
“INyquist-1 @nd then—=fy_o-=F\_3 =/Nyquist-2: /Nyquist-3- FOr all components other than frequency

0 (i.e. DC), the-amplitudes moduli of the positive and negative frequency points are equal, and
the single-sided spectrum can be obtained by simply doubling the amplitude of all non-DC
components. The complex values of corresponding positive and negative frequency points of
the same modulus are complex conjugates. A thorough discussion of the computational issues
associated with the Fourier transform is provided by [78].
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The problem seen with some commercial routines that conduct the double-sided to single-sided
conversion is that they simply halve the size of the data array and double the amplitudes of all
but the first component. This is an incorrect method because for a trace of N data points (N
being an even positive number), the DC signal is the first data point, with the positive
frequencies occupying the next N/2 locations in the array. Thus, the data at the (highly
important) Nyquist frequency are at location N/2 + 1. However, the above method of simply
extracting the first half of the data sequence has discarded this point. Failure to include the
Nyquist frequency data point will introduce errors and will prevent the inverse Fourier transform
process from working properly, as well as introducing significant phase errors. Table D.1 shows
the correct method of conducting this conversion.

lable D.1T — Method of conversion from a double- to a single-sided spectrum

Double-sided spectrum
Number of points = N

Data array = DS[1..N]

Single-sided spectrum
Number of points = N/2 #y1
Data array = SS[1..N{2 /1]

DS[1] SS[1] = DS[1]
DS[2] §S[2] = 2)-,.bs[2]
DS[3] SSI31 &2 - DS[3]

DS[NI2] SSINI2] = 2 - DSINI2]

DS[N/2 + 1] at the Nyquist frequency

SSIN/2 + 1] = DS[N/2 + 1]

DS[NI2 + 2]

Discard

DSIN]

Discard

Simil
for t
NI2 4
comg
frequ
spec

Table D.2 — Method of conversion from a single- to a double-sided spectrum

r care should be taken when convetting single-sided spectra back to double-sided spgectra
e inverse Fourier transform operation since data points at frequency 0 (DC) and freqyency
1 (Nyquist frequency) appear_only once in a double-sided spectrum, whereas all pther
onents appear twice as coniplex-conjugated values (as both positive and nedative
ency components). Table:D22 shows the correct method of converting from a single-gided
rum back to a double-sided spectrum. SS* denotes the complex conjugate of SS.

Single-sided spectrum
Number of points = N/2 + 1
Data array = SS[1..N/2 + 1]

Double-sided spectrum
Number of points = N

Data array = DS[1..N]

SS[1] DS[1] = SS[1]
55121 PSto—S5t2H2
SS[3] DS[3] = SS[3]/2
SSIN/2] DS[NI2] = SS[N/2]/2
SSINI2 + 1] DS[NI2 + 1] = SS[N/2 + 1]

DS[NI2 + 2] = SS*[N/2]/2

DS[NI2 + 3] = SS*[N/2 - 1]/2

DS[N] = SS*[2]/2
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D.4 Use of hydrophone calibration data

D.4.1 Calibration data interpolation

The combination of sampling interval (time increment: Az) and number of points N acquired
determines the frequency interval (frequency increment: Af) of the spectrum of the measured
signal according to Formula (D.4):

D.4)

Frequently, it is found that this frequency increment of the measured data‘differs from that
supplied between consecutive points in the hydrophone calibration  data. To ensure| that
calibfation data is available at the appropriate frequency points, lit ‘may be necessary to
interiolate values at the required spacing from the calibration data: Cubic or Bezier {pline

interpolation routines have been found to be an effective means of providing this addifional
interpolated data [18]. One of the advantages of these methods.is"that the interpolation function
only peeds to be pre-computed once. The interpolation function can then be used to prgduce
calibration data at any required frequency increment. Thus{.a refined frequency response ¢urve
for gach hydrophone can be pre-calculated and_stored for later use. Alternatively, if
hydrpphone calibration data stem from pulse excitatien measurement via Fourier transform,
the flequency increment of the data can be adjusted to the application needs by the choige or
modification of the signal length in time, e.g. thek<sample rate and number of data points, Within
the gulse calibration measurements [34], [35{)[36]. For a given sample rate as used in the
calibfation measurement which determines<the maximum frequency (Nyquist frequency], the
number of data points may be altered by*zero padding afterwards to modify the frequency
increment appropriately.

D.4.7 Calibration data extrapolation

For the deconvolution calculation according to Formula (11) or (16), the data sets of the voltage
spectrum U, (f) and the sensitivity M| (f) need to cover the same frequency ranges from zero to

the Nyquist frequency of the hydrophone measurement. For instance, for a typical waveform
sampling rate of 500 MS/s (mega-samples per second), data is needed up to 250 MHz.
Therefore, extrapolation of M| (f) may be used to cover frequencies f outside the calibration

range available if necessary. However, requirements for the frequency range covered by
experimental hydrophone calibrations are specified in 5.1.7.2.2 to be at minimum from below
half of the acoustic-working frequency up to four times the acoustic-working frequency to
ensure that the major portion of the pressure spectrum is evaluated using most reliably
confirmed sensitivity data on the one hand, and to allow the application of the method and
standard to most applications in practise, where acoustic-working frequencies may extend
up to 25 MHz and available calibration ranges may reach up to 100 MHz, on the other hand.
For acoustic-working frequencies larger than 25 MHz, the acceptable upper experimental
calibration data limit of 100 MHz can still be retained for practical reasons. For high intensity
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therapeutic ultrasonic fields usually comprising acoustic-working frequencies below 5 MHz,
the range opened for extrapolation is reduced in 8.3.2 to beyond 20 f,,, because spectra at

clinical driving levels comprise far more higher harmonics.

A convenient way may be to start with extrapolating the modulus data first and to adjust the
phase data in a second step using Formula (D.3). This will assure consistent complex-valued
response extrapolation, including the phase value being zero at zero frequency as is necessary
for any real-valued time domain impulse response [20]. The modulus extrapolation should follow
the trend indicated by the calibration range limit region; for instance, if some thickness mode
resonance behaviour can be observed at the high frequency end a decreasing behaviour with
frequency may be estimated from that. Of course, the sensitivity cannot become zero. This
wouldl induce singularities in the deconvolution because some noise can be expecte%h the
voltape spectrum even at frequencies not transduced by the hydrophone due\/ zero
sensltivity.

Sevefal investigations have shown that rather simple extrapolation schemes »t??} ell formost
applipations, e.g. lead to reasonable deconvolved waveform resul membrane
hydrpphones, using the lowest calibration data point modulus as constant value down to|zero
and Ising the highest calibration data point modulus as constant va% bove the calibnation
rang¢ may be sufficient [17], [19], [20] and can be applied as s’(andet'f procedure. Howeyer, if
the preamplifier is known to cause a significant roll-off at requencies, either [from
manufacturer's specifications or from electrical measurem , such sensitivity decirease
shou|d be accounted for in obtaining M| (f). In this case, thexgxtrapolation should includg the

consfant value extrapolation combined with the preamplifie’s' relative response from the Iqwest
calibfation frequency down to f,,,/16 (see 5.1.7.1, N%f@ 3). From zero frequency to f[+16,

M, (f)) can be assumed to equal the value at 6. For needle type and fibre{optic

hydrpphones, a decreasing sensitivity towardegg?v frequencies can be expected due tp the
impart of diffraction at the sensor tip. Here, decréasing sensitivity modulus functions show [good
resulfs and should be applied [18], [79]. vailable, more comprehensive hydrophone
frequency response modelling may be us r the purpose of extrapolation. Relatively simple
secopdary impulse calibration methods , [12] can also be applied by the hydrophone|user
to extrapolate sensitivity data reaso , @s can measurements of similar units of the game
design (see 5.1.7.2.2, NOTE 2 anq\'@OTE 3).

The fincertainty introduceddsé&l‘\e measurement by extrapolating the calibration data cgn be
assepsed together with the\regularization error (see D.4.3) using an upper bound function
estinjation method for th@pressure spectrum [14].

D.4.3 Regulariz@on filtering

Mathematicall eaking deconvolution is an ill-posed inverse problem [13], [14]. To avoid
excesgsive a ional high frequency noise in the deconvolved waveforms, regularization filtering
may pe sary. Such noise can arise from low hydrophone sensitivity (at high frequencies)
and ) e Gibbs phenomenon Approprlate suppression may be achieved by low{pass

Figure D 2 shows an example waveform obtalned in Doppler mode of a diagnostic uItrasound
machine with voltage to pressure conversion using narrow-band approximation, deconvolution,
and deconvolution with additional low-pass filtering in comparison. Deconvolution removes the
strong overshoot of the waveform in the peak compressional parts of the wave obtained when
using the narrow-band approximation and caused by the hydrophone thickness mode
resonance at high frequencies. However, the deconvolution also introduces high frequency
noise and artificial rarefactional pressure peaks in front of the steep pressure steps (Gibbs
oscillations). Using the additional regularization filtering, the additional noise and high
frequency oscillations are appropriately removed. On the other hand, any additional low-pass
filtering causes additional effective limitations of the detection bandwidth and, in particular,
peak compressional parts of nonlinearly distorted ultrasonic waveforms incorporating high
frequency components may possibly be cut. Requirements for the filtering are provided in
5.1.7.2 including guidance on how to include in the uncertainty analysis the systematic error
introduced through regularization for parameters derived from the deconvolved acoustic pulse
waveforms [14], [21].
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NOTE| The example shows part of a Doppler pulse measured by a needle hydrophone. The voltage to prg¢ssure
convefsion uses—{-—)-M (£, ) (dashed line) M/, ), (---) using deconvolution—M (f)_M, (/), and—{—) (solid line)

deconpolution with additional low-pass filtering (-6 dB at 80 MHz).

Figure D:2_~ Example of waveform deconvolution

D.5 | Implication ofithe hydrophone deconvolution process on measurement
duration

Many acoustic reporting parameters require that a hydrophone will have been scanned through
the acoustic(field, and these measurements can be time-consuming. Figure D.2 tends to
suggpst assignificant increase in the measurement time overhead. However, if implem¥nted

correlctly \this process does not add any significant increase to the total measurement duration.

The majority of automated scanned hydrophone acquisition systems are PC-controlled, and,
although digital oscilloscopes have a range of on-board processing capabilities, much of the
data post processing is done by PC. The key to ensuring the deconvolution is a time effective
process to ensure that the processing of data transfer to the PC is done while the hydrophone
is being moved to its next location within the acoustic field. Once the data is on the PC, the
remainder of the deconvolution process (two Fourier transforms and a division) can be done
rapidly. In fact, with efficient implementation, the processing can be done fast enough to give
real-time feedback of deconvolved waveforms to the user, which can in turn lead to better
alignment on spatial-peak features within the acoustic field.
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D.6 Validation of deconvolution implementation

There are several possibilities to validate the correct implementation of the numerical
deconvolution procedure. The validation should be performed using example measurement data
of a broadband pulse. First of all, the waveforms obtained using the deconvolution should be
compared with those using the narrow-band assumption on the same hydrophone voltage data.
If the implementation comprises major errors like, for instance, a wrong sign in the phase term
of the Fourier transform algorithm, this can be observed easily through the appearance of
unexpected waveforms with extra oscillations that physically make no sense. For typical
waveforms and hydrophones, only slight differences would be expected in the rarefactional
parts of waveforms, and typical overshoots in the compressional parts should be removed by
the deconvolution. Other computational errors often result in significant time-shiits or inygfrsion
of th¢ signal, all of which are also easily spotted through such comparisons. Qy

The gecond method of validation of the implementation is to use a broadband hydrophong with
flat flequency response for comparison measurement of a typical broadbanqggg e waveform.
Memprane hydrophones with foil thicknesses from 4,5 ym to about 12 pmd, e availablg that
provide very flat frequency responses up to 70 MHz and beyond and.can be appligd as

refergnce. (1/
N

Finally, a pulse check source or a reference transducer syst@r& which waveforms |[have
already been measured with a broadband hydrophon using already valigated
decopvolution can be applied for validation. Metrology instkt%l}?{ and measurement equipment
manyfacturers may offer corresponding waveform measurgment services for such reference

transducer systems.
QO

A puplicly available deconvolution tutorial inclu stored example reference data sefs for
hydrpphone calibration data, hydrophone&@ignal voltage data, and correspofding
decopvolved pressure waveforms including rtainty estimates is available [77] and can be
used|for validation of custom made nume& implementations4.

¥

4 This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of this product.
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Annex E
(informative)

Correction for spatial averaging

E.1 Linear and quasilinear fields

For most measurements made on diagnostic ultrasonic fields, the diameter of the active element
of the hydrophone is comparable with the width of the ultrasonic beam and the hydrophone

es—the ie—pressure—-ove i v i ather—than the
presgure at the centre of its active element. The difference depends on the spatial variatipn of
the (ltrasonic field. To correct for this spatial averaging effect, a simple method~has peen
deve|oped [80], [81], which utilizes beam-plots obtained with a step size equal to| one
hydrpphone-radius size. A number of other similar methods can also be applied{[37], [38].[[82],
[83], [[84], [85].

The procedure for determining corrections makes the following assumptions.

a) The hydrophone output is proportional to the acoustic pressufe averaged over its gctive
element, which is assumed to be a circular area having a radius equal to the geomeitrical
radius.

b) The radial field distribution, usually in the focal plane ofthe transducer, from the axial [peak

tq a distance equal to the radius of the active element of'the hydrophone, can be modelled

by a quadratic function: p(r) = 1 - bs2 where b is_& ¢onstant. The limits on the accuragcy of

this correction are determined by assuming that the true beam shape is described|by a

Blessel function:

%2y (kar/d)

P i) (=

where
k| is the circular wave number;
a| is the transducerradius;
r| is the distange from the axis in the focal plane;
d| is the focal\distance;
Ji is theBessel function of the first kind, of order 1.
c) The correction procedure for a sawtooth waveform (one distorted by nonlinear propaggtion)

not the same.

T

Under these assumptions, the correction factor, K, at the centre of the beam is:

Keu = (3 - p)I2 (E.2)

where
£ is the signal at one hydrophone radius from the axis divided by the signal on axis.

The correction should be based on the average value of-¢  determined in two perpendicular
oriented directions.
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This formula is obtained by convolving the response of the hydrophone with the assumed true
field profile for the two measurement positions and relating $ to the ratio of the true pressure to
the measured value on axis. The procedure for determining the correction ¢ = (K, — 1) is valid
for g >0, 8 this corresponds to usmg a hydrophone with a radlus that is less than 0,6 times
gctive
than

BecaLuse this correction method might not be valid in the case of sawto6th” waveforms
istorted by nonlinear propagation) another formula may be more valid [81!

The ¢orrection factor, K'. ., at the centre of the beam is:

sa’

a=(B8-2p) (E.3)

wherg
ﬁl

The ¢orrection should be based on the average,value of-6- 4’ determined in two perpendicular
oriented directions.

g the signal at half a hydrophone radius from\the axis divided by the signal on axis.

NOTE|1 "Signal" in the above definitions of g.and p' representsp ¢ p_, p, or ppsi'’2. For each of these quantjties a
differgnt K, or K’ may can be expected. The correction factor for intensity related values derived from ppsi ig given

by thel square of K’ for K_, or K'_,, whefe these are derived using ppsi'/2.

NOTE|2 Ina number of cases, théyppsi'’? is replaced by any linearly related quantity, e.g. in the case of a contihuous
wave $ignal the term ppsi'/2 isqeplaced by RMS acoustic pressure.

The dincertainty of the_correction ¢’ = (K'g, — 1) is estimated to be 10 % for g’ > 0,92.

NOTE| 3 The overalh uncertainty can also depend on the actual (not necessarily symmetric) geometry pf the
hydrophone's gcCtive element.

ltshquldbenoted Note that the effective diameter of well-designed PVDF needle hydrophpnes

is readily predictable. For membrane hydrophones, the response is more complicated and, in
somj—meﬁndm—mw—mqmﬁm—@cm—mﬁﬁhe—mm—w fes; f f one

might not be equal to the effective hydrophone-radius size as determined from directional
response measurements (see [42]). In this case, the procedure is modified by moving the
hydrophone by its effective radius instead of its geometrical radius.

Experimental results using a number of hydrophones of different size of active element [31]
showed that for most focused ultrasonic fields the procedure given above underestimates the
correction. Other studies [86] have shown that the major reason for the underestimates is the
residual presence of nonlinear distortion in the fields.

Studies have shown [86] that, providing-e,, 0., < 0,5, the correction procedure given above will
provide reasonable estimates of the spatial averaging correction for all acoustical parameters
within uncertainties of 10 % to 15 %. For more distorted waveforms, it is possible to delineate
the following regimes for estimation of spatial averaging corrections in terms of the parameter
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Rpp, the ratio of the -6 dB beamwidth to the effective hydrophone diameter. Guidance for the
magnitude of the likely corrections for the peak-compressional acoustic pressure p,
peak-rarefactional acoustic pressure p., and pulse-pressure-squared integral ppsi, are as
follows [86]:

Rpp > 2

NOTE 4 The referenced study used the nonlinear propagation parameter o, for characterizing the amount of
nonlinear distortion. However, IEC 62127-1:2007/AMD1:2013 changed to using the local distortion parameter oy

insteadn a no ations both naramete have mila alue herefore forthe purnose of the o ma <,here,

o, can be replaced by oy

5 <0, < 1,5 the maximum p. and p, corrections will be approximately 13 %, with the
ction to ppsi being less than 25 %; for ¢, > 1,5, the peak pressure corrections will be hjgher
e unlikely to exceed 20 %.

corr
but 4

1,56 < Ryp, < 2

For g, < 1,5, the corrections to p. and p, will be less than 20 % while the correction to ppgi will
genefally not exceed 40 %. For higher o, values, corrections o' p.., p, and ppsi can be grpater
than 30 %, 20 % and 50 %, respectively.

Rpp <15

In this regime, large spatial averaging effects qecur for all parameters but particularly for p}, and
p, at@ll values of g,,, corrections for p. canreach 50 % but these are not significantly diffgrent
from|the values obtained from the procedures given above. In contrast, p. corrections can be
of thg order of 100 % for 0,5 < ¢, < 1,55and for 5., > 2 can be in excess of 200 % corresponding
to ppfsi corrections of 300 %. Therefore, in situations where R, < 1,5, it is important that a
smaller hydrophone be used faor;measurements.

E.2 | Linear fields, gqirasilinear fields, and broadband nonlinearly distorted
waveforms

An injverse speefral filtering approach may be used to correct for spatial averaging effecys for
linea[ beamsyottnonlinear beams that contain multiple harmonics of the fundamental frequé¢ncy.
The |nversexspectral filtering approach is more general than the method in Clause E.1] The
methpd, in )Clause E.1 assumes linear propagation. The inverse spectral filtering apprnoach
allowjs\for linear or nonlinear propagation. The two methods give similar results for the spatial
avergging correctiom at funmdamentat frequency, as SHowImT T FIguTes 9 10 5 I reference 167]. In
addition, the inverse spectral filtering approach gives appropriate spatial averaging corrections
at harmonic frequencies for nonlinearly distorted waveforms. Another advantage of the inverse
spectral filtering approach is that it does not require a separate off-axis hydrophone
measurement. The effects of spatial averaging can be described by a spatial averaging filter
S(f), which gives the frequency domain ratio of the spatially averaged hydrophone output to
the signal that would be measured by an ideal point hydrophone. The hydrophone
spatiotemporal response is assumed to be separable into a product of spatial and temporal
factors, and extending Formula (11) or (16), the actual acoustic pressure corrected for both the
spatial averaging effect and the effects of varying sensitivity is then calculated from
Formula (E.4):
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ML) -S5() (E-4)

The spatial averaging filter at each harmonic frequency depends on the ratio of the frequency-
dependent effective hydrophone size to the frequency-dependent harmonic beamwidth. For
harmonics with Gaussian-shaped radial profiles and assuming constant phase of S(f), it can be
shown that the spatial averaging filter is given by [87], [88], [89]

1—exp(—9n2) A

S(nfy) = Q}/ (E.5)

Q2

wherp f; is the fundamental frequency and » the harmonic number, ang{/\'
N
SV
2
02_ aeff—(nﬁ) Q/C) (E.6)
N\

n
26 2

T A

wherp ag(nfy) is the frequency-dependent&e tive hydrophone size evaluated at
fundgmental and harmonic frequencies, and ¢ cribes the harmonic beamwidth parameter
for ajharmonic with radial profile shaped lik p(—r2/20n2); r is the radial coordinate.
The frequency-dependent radius aeff@@f can be evaluated from directivity measuremerjts at

multiple frequencies (IEC 62127-3@07, 5.5 and 5.6). Alternatively, for needle or reflectance-
basef fibre-optic hydrophonesxj\an experimentally-validated theoretical form for ag¢(nf1) can

be uged [43], [87]. For mem&rqué hydrophones, an empirical formula for agg(nf) can be [used
[34], [[90]. .

-

casep relevant to dical ultrasound (nonlinear distortion not too severe), the fundamiental
bearl will be sij in shape to the prediction based on linear propagation theory. Then ¢} can

be olptaine @ itting a Gaussian function to the theoretical diffraction pattern from a foclised,
circular s; e, which results in o4 = 1,93 D/(kqag), where D is the radius of curvature or[focal

dista 1\, 1 = 2mn/l4, A4 is the fundamental wavelength, and «g is the radius of the source [87].

In many cases relevant to medical ultrasound, the dependence of harmonic beamwidth on
harmonic number can be accurately approximated by a power law, ¢, = g4/n9 [87], [91]. The

value of the exponent ¢ depends on the degree of nonlinearity of the pressure signal, which can
be described by the local distortion parameter oy Simulation and experiment suggest that for

o, < 6, g can be approximated by ¢ = 0,78 - 0,0320q [87]. This formula has been shown to be

valid even for high intensity therapeutic ultrasound signals with peak compressional acoustic
pressures up to 48 MPa [91].

The beamwidthg&@ter o, can be obtained from theory, simulation, or experiment. In r[nany

The combined effects of frequency-dependent sensitivity and spatial averaging for needle and
reflectance-based fibre-optic hydrophones have been illustrated in a 27-panel graphical guide
that can be used as an aid in choosing an appropriate hydrophone geometrical radius for a
given measurement task [87].
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While the method in Clause E.1 provides the spatial averaging correction at the centre
frequency of a linear, narrow-band waveform, the method in Clause E.2 provides the spatial
averaging filter at the fundamental and harmonics for linear and nonlinear waveforms. The
method of Clause E.2 has been validated in experiments using nonlinear tone bursts [88].
Though the method has been verified only for a burst wave, it is considered to still be useful for
a pulse wave. For short pulses (only a few cycles or less in duration), simulation has been used
to determine the spatial averaging filter to frequencies also between harmonics [92]. The spatial
averaging correction factor has been found to oscillate with local minima at the fundamental
and harmonics and local maxima midway between harmonics [36], [92]. For quasi-linear beams
and for waveforms comprising only one nonlinearly distorted wave cycle (sawtooth-like cycle),
the magnitude of the oscillation is small (< 10 %). For highly nonlinear waveforms with more

: AT ST " igher

ency components stemming from different parts of the waveform [92]. Q
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Annex F
(informative)

Acoustic output parameters for multi-mode medical ultrasonic
fields in the absence of scan-frame synchronization

General

2022

The earliest clinical ultrasound scanners used fixed-focus, single crystal transducers to

presd
stand
were

the npajority of purposes at the time, are now extremely time-consuming to carry out and

impo
meas
equif
a no

fram¢ repetition.

F.2

tion), or mechanically moved from side to side (for B-mode operation). The invénti

ning to be carried out electronically. Static Doppler (D-mode or PWD, pulsed wave Do
colour-flow imaging (CF-mode) have also been introduced and available~for™15 yeq
. In the last few years, harmonic imaging, CT-imaging and 3-D imaging have all appe
rther add to the plethora of output configurations, each of these modes can, in prin
pften in reality, be combined with any other mode or combinatjon ‘of modes. And

ards relating to measurement of acoustic output were published in 1993 or beforg
largely formulated several years before that. The methods, which seemed adequa

5sible. There is now a need to reconsider the existing parameter definitions

ment. This Annex F is meant to gain support for a.new approach before putting part
mative text in future. It can be used in those cases where there does not exist a s

Current philosophy

The

of diggnostic ultrasound when the ultfrasound field was generated by a single crystal of
geonjetry. The starting point is thata single type of ultrasound pulse — defined by its aco
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the g
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pproach, or philosophy, behind existing measurement standards goes back to the of
ency, duration and focusing properties — is generated. Each pulse generated is of eX
ame type and is directed either along a single well-defined beam axis (in the ca
ase of the scanned\B-mode or CF-mode). Each of these modes is considered to

Ises will form ‘a’"scan-frame" and that each scan-frame will contain exactly the
er of pulses:

e made with a hydrophone along the beam axis allowing a focal point to be located

ode
bn of

bed, linear-arrays allowed the focusing to be electronically controlled and, for-B-mode,

pler)
rs or
ared.
ciple
yet,

ribed measurement methods have not moved on. All the major national and international

and
e for
often
and

urement methods and perhaps to develop new ones more appropriate to modern imaging

5 into
bcan-

igins
fixed
Listic
actly
5e of

bnned A-mode, M-mode or D-mode) or along a series of distinct and well-defined axgs (in

be a

ct "discrete operating mode"; for scanned modes it is assumed that a repeating sequence

pame

implesdiscrete modes, this approach works well. For unscanned modes, measurements

and

iety/of acoustic parameters to be determined. The main basic parameters defined in this

document or in TEC 61161 are listed in Table F.1.
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Table F.1 — Main basic parameters defined in this document or in IEC 61161

Pe Peak-compressional acoustic pressure
Py Peak-rarefactional acoustic pressure
Saws Acoustic-working frequency

Pulse duration

ppsi Pulse-pressure-squared integral

1Sppa Spatial-peak pulse-average intensity
1spta Spatial-peak temporal-average intensity
W -6 dB beamwidth

sata Spatial-average temporal-average intensity

P Total ultrasonic power

Zppsi Distance from external transducer aperture to the position of
maximum pulse-pressure-squared integral

Zspta Distance from external transducer aperture to the position of spatial-
peak temporal-average intensity

prr Pulse repetition rate

srr Scan repetition rate

For discrete scanned modes, where the scan-frame ‘Consists of N distinct scan lines,| it is
poss|ble simply to examine every Nth scan line and characterize it in the same way as fpr an
unscanned beam, except that derivation of /g ;,\nheeds to account for "overlap” between|scan
lines|and derivation of P needs to include theracoustic power for all scan lines. An addifional
complication arises because, since the overlap between scan lines varies with distancdg, the

positlon of the maximum /g, will generally not be at the same distance from the transducer as

the ppsition of maximum ppsi for any single scan line. It is then assumed that, as the complexity
of thie field increases, it remains<possible to isolate individual discrete modes of regular
repeating periods.

F.3 | Need for-change an alternative approach

Howegver, the above_approach is only possible if the number of scan lines in the scan-frame
remafins constantiuntil the scanner controls are adjusted. For many modern scanners, the
e the
that
h the

the safety of imaging equipment is questionable.

F.4 Proposed-changes approach

F.4.1 Alternative philosophy

The alternative approach suggested here does not require synchronization with the scan-frame.
At least the parameters that are relevant to the continued safe use of ultrasound imaging should
be included. At present, this means factors that may affect heating and cavitation (or other
bubble activity). It needs to be possible to measure these parameters for any field without
special knowledge of the scanner (although it would be expected that such knowledge will allow
measurements to be carried out more rapidly). However, it should also be possible to use
existing measurement methods and infrastructure and to calculate values for the field by an
appropriate combination of quantities for the individual pulses.
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This is an important consideration because it allows manufacturers and other laboratories to
continue to use their existing measurement infrastructure.

As far as possible, the required acoustic parameters will be based on a subset of the existing
parameters defined by IEC but modified to account for the change of philosophy, which means
that the field no longer consists of a repeating pattern of discrete pulses each of a well-defined
centre frequency.

F.4.2 Alternative parameters

For systems that do not meet the narrow-band requirements, recording of the time waveform is
requ{ed and any correction required or recommended in other clauses of this document for

limitdd bandwidth or finite sensor dimensions should be applied also. However, the| new
parameters are mostly chosen so that, for a system that does meet the narrow-pand
requirements, they can be determined with a system which can only measure peak pressures
and RMS voltage.

NOTE| In general, diagnostic and high intensity focused ultrasound (HIFU) equipment,meets the narrow-band
requirements at maximum output levels only via a broadband flat hydrophone frequency %esponse, see 5.1.7

The g¢xception to this is the acoustic-working frequency which, as_at present, will requirge the
ability to carry out spectral analysis. Table F.2 presents a list of parameters that are to be jused
or arg to be deleted.
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Table F.2 - List of parameters that are to be used or are to be deleted

Pe As in current definition.

For a single, fixed-beam mode, the numerical result will be identical to the existing definition.

P, As in current definition.

For a single, fixed-beam mode, the numerical result will be identical to the existing definition.

Sawt Calculate from pressure spectrum measured over 1 s or more, or from Fourier analysis of the
pulse containing the peak negative pressure (see below for more details).

For a single, fixed-beam mode, the numerical result will be identical to the existing definition.

f Not reguired
T

The existing definition of pulse duration makes measurement of it subject to substantial
uncertainty and error depending on the frequency response of the measurement system:
Moreover, a single value for pulse duration is only relevant if all acoustic pulses are.idéntical.

ppsi Not required.

Pulse-intensity integral is currently used to define the axis and focus of individual pulses and o
calculate spatial-peak pulse-average intensity.

[Spp,a Not required.

Spatial-peak pulse-average intensity is subject to large uncertainties, due to the definition of
pulse duration. Since it is unlikely to be of direct relevance to safety, this parameter can be

dropped. The limit placed on Ispp,a by the Food and Drug Administration in the USA in their

FDA510(k) should be removed completely or replaced with'alimit on Mechanical Index (MI) of p,.

lSpta As in current definition.

For a single, fixed-beam mode, the numerical resulf will be identical to the existing definition.

W Calculated from [ and p, distributions, notfrem ppsi.

spta
The diameter of an individual ultrasound beam may be of interest for some aspects of
performance but is not relevant for safety="The diameter of the temporal-average intensity ang
peak-rarefactional acoustic pressure distributions, however, are relevant to safety.

Beam areas (which are used in.the, definition of [

<ata) CaN be defined on the same basis.

For a single, fixed-beam mode, the numerical result will be identical to the existing definition.

As in current definition,

sata

For a single, fixed<beam mode, the numerical result will be identical to the existing definition.
P As in current definition.

For a single,fixed-beam mode, the numerical result will be identical to the existing definition.
Zypsi As in current definition.

Forassingle, fixed-beam mode, the numerical result will be identical to the existing definition.
Zspta Aslin current definition.

For a single, fixed-beam mode, the numerical result will be identical to the existing definition.
prr Not required.
srr Not required.

F.5 Measurement methods

F.5.1 General

Measurements will be made with an appropriate hydrophone assembly. Observation at any
point should be carried out for long enough that a fully representative part of the acoustic signal
is sampled. Typically, this would be less than 1 s.
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New technology oscilloscopes and digital capture cards are now available which allow
extremely long recording lengths to be captured and analysed. In general, use of such a device
is likely to be the most flexible way to determine all the necessary parameters. Since it is no
longer assumed that the acoustic signal will repeat, equivalent-time sampling is not possible
and consequently the single-shot digital bandwidth will need to be sufficient to accurately
represent the hydrophone signal.

F.5.2 Peak pressures

Many acoustic pulses can be captured and a search carried out for the peak positive and
negative values. Pulses above a certain threshold can be captured selectively. As a simpler
altermrati i freud

F.5.3
The

corre
captyre can be initiated by triggering on the waveform or simply by~inijtiating a continuous
acqulsition sequence. In these latter two cases, it may be necessary to pre-process$ the
waveform data to minimize electrical noise and to remove non-acaustic signals.

NOTE| In many cases, a very high sample rate-may is not expected to be réquired to measure [spta since the gnergy
in the [V nonlinear harmonic is less than or equal to 1/N? times the energy in the fundamental.

In principle, I;, can be measured more simply with an RMS voltmeter (or radio frequency power

meter) fitted with an appropriate voltage sensor. In‘practice, electrical noise and the temporal
respgnse of the sensor may cause some difficulties at lower levels of /;,. However, for [most

clinidal fields where Ispta approaches the current' FDA510(k) limits of 720 mW cm~2 (dergted),

it is possible to use this method to locate*and measure the peak value and to measurg the
-6 dB beamwidth.

F.5.4 Frequency

From the perspective of a safety;standard, we can consider two different reasons for walnting
to knpw the acoustic frequency. The first relates to the occurrence of cavitation and its rel¢vant
quantity is approximately, the centre frequency of the pulse with the largest negative presgure.
The $econd reason relates to heating and the relevant quantity is approximately the medign of
the acoustic pressure'spectrum. In single mode operation, these two quantities are likely fo be
similar. However, for-combined modes, these two quantities may be significantly differen{. For
instahce, in B+CRiimaging, the scan-frame generally consists of a small number of short,[ high
amplltude pulsé&s for grey-scale imaging and a larger number of longer, lower amplitude Doppler
pulsgs. The'centre frequency of each type of pulse may lie anywhere within the bandwidth of
the tfansducer.

Consequently, two distinct frequency parameters are suggested for each of these two
requirements.

e Mechanical acoustic frequency is determined at the point where the negative pressure
reaches its global maximum value. This frequency is defined as peak pulse acoustic
frequencyfp.

e Thermal acoustic frequency;—: is determined at the position where the temporal-average
intensity reaches its global maximum value. This frequency is defined as:-time- temporal-
average acoustic frequency f;.

NOTE 1 It-may can be necessary to correct for frequency-dependent sensitivity of the hydrophone and amplifier
in order to correctly determine the time averaged acoustic pressure spectrum, especially in cases where there are
two or more widely separated spectral peaks of similar magnitude.

NOTE 2 The detailed procedure to obtain the appropriate acoustic power spectrum has not yet been elaborated.
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F.5.5 Power

Power should be measured with a radiation force balance or by planar scanning with an
appropriate hydrophone.

F.6

Discussion

F.6.1 Relationship to existing standards

F.6.1.1 IEC 61157

A change would be that, while measurements would still be made at the position of the maxijmum

peak-rarefactional acoustic pressure p,, the other location would now be at the positi

the

pulsg-pressure-squared-integral for a single pulse type.

The Tnxemption clause for low output equipment would remain and would be based on the
para
to be altered to refer to /g,,. This may affect the value of 7, for some“scanned systems

not

F.6.1.2 IEC 62359 and IEC 60601-2-37

In principle, these would not be greatly changed. The major difference would be i
calcylation of those Thermal Index (71) formulae thatdepend on the variation of intensity
distahce along the axis. Currently, the TI for each type of pulse is calculated independentl
combined in a not altogether satisfactory way to arrive at a value for the scan pattern. Wit
new |approach, the temporal-average intensity for the entire scan-pattern is measure
calcllated) and the axial variation of this quantity determines the distance and the value ¢
TI. This change would also be carried through to calculating the equivalent beam diamet
a fupction of distance. A further minor change would be in the value used foi
acoustic-working frequency, which affects the derating calculation and is also used exp
in the soft tissue 77 calculations:\The alternative approach is actually a more consi
lgmentation of the T7 conceptiand, for unscanned fields, the results should be identicql.

imp

For
ins

F.6.2 Advantages

The major benefits appear to be substantial.

aximum spatial-peak temporal average intensity rather than at the maximum ¢

7Ispta’

eters as currently specified, except that the definition of outputcbeam area would

for the unscanned systems that generally fall into the exempt group.

the Mechanical Index (MI), the value of the frequency used in the formula may be diff
ome cases.

The number of measurements required and the number of declared parameters are gf

on of
f the
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, but

the
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f the
er as

the
icitly
stent
I

erent

eatly
ad of

The definitions of the new parameters can be applied to even more complicated o
patterns and sequences in the future as new imaging techniques are developed.

utput

Measurements on even complex operating modes can be made with relatively

straightforward measuring equipment.

Existing measurement methods can still be used and should generate consistent results. For
simple, unscanned systems (and perhaps for many others), the values of the acoustic quantities

will

F.6

be unchanged from the existing definitions.

3 Disadvantages

The technical disadvantages include:
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the introduction of a second frequency quantity;

possible susceptibility of the method-may-be-susceptible to electrical noise;

possible need to make minor changes—might—berequired to existing measurement
techniques and equipment;

a requirement of significant wave memory for a long-term (> 1 s) sequence.
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Annex G
(informative)

Propagation medium and degassing

It is well established that measurements can be strongly affected by acoustic cavitation.
Cavitation is the growth, oscillation and collapse of previously existing gas- or vapour-filled
microbubbles in a medium. During ultrasonic measurements, these bubbles will scatter the
ultrasound from the transducer under test, causing instabilities and underestimates of the
values to be measured. There is thus a need to know when cavitation is occurring during
mea ; i i Ta i i Ttati n be
minimized.

A measurement method to detect the onset of cavitation is described in [93], [94]. |Specifigally,
the onset of inertial cavitation is often characterized by the presence of the subbhafmonic gf the
fundamental operating frequency. An example of an acoustic spectrum acquired using a n¢edle
hydrpphone is presented in [93], [94].

Possjble methods to degas the water are investigated in [95] and listed in IEC/S TR 62781.
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Annex H
(informative)

Specific ultrasonic fields

Diagnostic fields

Useful relationships between acoustical parameters

2022

n be

used

The
aver

Tod
or |E

mber of useful relationshins exist bhetween various acoustical narameters which c2
™ ™ Y

to check consistency of acoustic output measurements. Some of these are given.be

patial-peak pulse-average intensity, /g
ge intensity, /5,, by

ppa’

Isppa =prp X Ispta / Iq

ptermine the total ultrasonic power, the procedures anddechniques described in 7.
C 61161 may be used. If the total ultrasonic power, P, is known, then it is possil

detemine values for the spatial-average temporal-average intensity, which are

estim
scan

ates. If Py, refers to the total power emitted by one acoustic scan line for an auto
her then the following equalities and inequalities.hold:

P=Total-numberofacpystic secantines xPy .,
lon-automatic scanning systems:

PiA, >spatial-average-temporal-average-intensity
e roecesnnino ol n e

. ial . .

ow.

is related to the spatial-peak tempjoral-

H.1)

3.2.4
le to
bver-
matic

where

ng)

is the total number of acoustic scan lines.

(H.2)

NOTE Formula (H.2) assumes the same number of pulses per ultrasonic scan line Mops for each scan line.

For non-scanning modes:

P/Ab > Isata

For scanning modes:
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PlA >

scan sata
and:
Wscan = Ss X Mg
where
I,,1n  is the spatial-average temporal-average intensity;
Agcan is the scan area;
w is the scan width;

scan

is the ultrasonic scan line separation (see 3.87).

It is assumed here that the scan lines are equally spaced, which is not necessarijly*the ¢ase.
For Jome types of transducer, such as a linear array, "scan width" represents the*width gf the
scan|in a straight line parallel to the linear array surface and is independent of the disance
from the face (rectilinear scan geometry). For other transducers, such as sec¢tor scanners, '[scan
width" represents the width of the scan on a surface centred at a pgint, usually within the
transducer body. In this case, the "scan width" depends on the distancelspecified for s.

H.1.2 Pulsed wave diagnostic equipment

In alljpulsed wave diagnostic equipment, a pulsed waveform.is transmitted and either the [echo
or th¢ transferred signal is analysed.

The pcoustic output of pulse-echo diagnostic equipment usually consists of-a—single—pulse
pulsgs of ultrasound at an acoustic-working frequency in the range 1 MHz to-42 20 MHZ, and
at pylse repetition rates of between 1 kHz and*5 25 kHz. Pulsed Doppler equipment ugually
has an acoustic pulse consisting of a numbgfof cycles at pulse repetition rates similar|to or
perhaps higher than pulse-echo equipment. In both types of equipment, the ultrasoupd is
usually focused at distances from the transducer of between a few centimetres and 20 cm| and
the pleak acoustic pressure at the focus is usually between 0,2 MPa and 10 MPa. While lipear-
array|, sector and phased-array scanners emit consecutive pulses along different ultragonic
scan|lines, the acoustic pulse waveform remains approximately constant.

For pulse-echo equipment; the focal diameter is usually less than about 3 mm and, as [seen
from|5.1.6, a hydrophone.with an active element of diameter approximately 0,5 mm is needed
as well as a relatively(précise alignment of the hydrophone.

NOTE| Some pulsgfecho equipment uses unfocused beams in some applications and achieves spatial res¢lution
within|the receivifdg/procedures.

As the acoustic pressures are high, the local distortion parameter o, (see 3.38) will ugually
be greater than 0,5, in which case the bandW|dth requwement for the hydrophone is grgater
and ce of
this dlrectlonal response on frequency. Under these conditions, |t is important to optimize the
rotation of the hydrophone to ensure the maximum received signal (see 5.2.2).

In general, diagnostic equipment places the greatest demand on the hydrophone bandwidth
and on the coordinate positioning system. PVDF hydrophones of the membrane or needle type
are essential (see Clause B.9). Several investigations have shown the need for broadband
hydrophones [25], [36], [96], [97].

As measurements for the purpose of determining the maximum output are undertaken in the
plane containing the spatial-peak temporal-peak acoustic pressure, this plane is expected
to be close to the focus of the transducer. At typical focal distances, the square law relationship
between acoustic pressure and intensity is usually assumed in order to derive intensity
parameters. This assumption is made despite the uncertainty associated with the nonlinear
distortion that can take place.
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H.1.3 Continuous wave diagnostic equipment

Frequencies for continuous wave Doppler systems are usually between 2 MHz and 10 MHz,
and an acoustic lens can be used to focus the ultrasound at distances from the transducer face
of up to 8 cm. Sometimes the transducer elements have D-shaped crystals, which makes
identifying the maxima in any plane complex. Peak acoustic pressures are usually less than
0,1 MPa and, consequently, the local distortion parameter is generally below 0,5 and a
broadband hydrophone does not need to be used.

Focal diameters may be less than 3 mm and, as seen from 5.1.6, a hydrophone with an active
element of diameter 0,5 mm or smaller is needed. For higher frequency devices, it may be
i n the

ustic
hces,
7.3).
Such
peak
t the
plang progressive wave approximation for intensity may be assuméd. Although not sfrictly
appropriate for a divergent beam, the criterion given in refefence [70] for a plane piston
transjducer may be used to estimate the difference between the true intensity and the intgnsity
derived from the square of the acoustic pressure. A suitable compromise is to undeftake
meagqurements at a distance from the face of the ultrasonic transducer of between ong and
two dltrasonic transducer element diameters. For a¢lane piston transducer, this would|yield
errorg of 4 % and < 2 % for these two cases.

H.2 | Therapy fields

H.2.1 Physiotherapy equipment

Ultrasonic transducers used for physiotherapy usually operate between 0,75 MHz and 3|MHz
undef continuous wave or long.tone-burst excitation. IEC 61689 is the related measurement
standard. For systems in the frequency range from 20 kHz to 500 kHz, IEC 63009 is the refated
meagqurement standard.

Typigally, the transdugers have active elements of diameter 20 mm and may have an acqustic
lens [to modify the(ultrasonic field. Peak acoustic pressures are below 0,5 MPa with no
significant nonlinear.distortion of the acoustic pressure waveform taking place in the nearifield
of the¢ transducer.

Gengral measurements can be made in any plane although it is usual to require them fo be
made .ify the near field. For measurements made at distances of less than two transqucer
diameters there is the same problem of conversion from acoustic pressure to intensity ag with
the continuous wave Doppler devices (see H.1.3). So, to obtain an absolute value of intensity,
it is recommended that measurements are made at distances from the transducer which are
greater than or equal to one transducer diameter.

H.2.2 High intensity therapeutic ultrasonic equipment

Specific comments on the measurement of fields generated by high intensity focused ultrasound
(HIFU) and high intensity therapeutic ultrasound (HITU) are specified in IEC TS 62556 with
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respect to measurement at relatively low output levels and methodology for extrapolating these
to higher therapeutic level fields.

H.2.3 Non-focused and weakly focused pressure pulses

Specific comments on the measurement of fields generated by non-focusing pressure pulse
sources for pain treatment and other applications are specified in IEC 63045.

H.3 Surgical fields

H.3. Cithotripters

Spedific comments on the measurement of fields generated by pressure pulse lithotripters are
specified in IEC 61846.

H.3.2 Low frequency surgical applications

Specjfic comments on the measurement of fields generated by low frequency surgical systems
are sjpecified in IEC 61847.
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Annex |
(informative)

Assessment of uncertainty in the acoustic quantities
obtained by hydrophone measurements

General

2022

To be truly meaningful, the result of a measurement should be accompanied by its associated

unc
the g
In ge

Type
Type

1.2

The
desc

Whe
expr
(e.q.
final

percgntage or converted to decibels as requifed.

NOTE|
distrib)

NOTE
calcul

1.3

The tllowing is a list of common sources of uncertainty using hydrophones. This list s

not b
spec
all) o
migh

uidance provided by ISO/IEC Guide 98-3:2008 shall be followed.

neral, uncertainty components are grouped according to how the values arelestima

A: evaluated by statistical means;
B: evaluated by other means.

Overall (expanded) uncertainty

pverall uncertainty should be obtained from all uncertainty components in the ma
ibed in ISO/IEC Guide 98-3:2008.

combining uncertainty components, care should be taken when component value
ssed in decibels. Before combination, the values should be expressed in linear
as a percentage or in the units of the quantity) and not in-deeibels logarithmic form
value of expanded uncertainty may be expressed either in the units of the quantity,

1 H-should-be realized-that The use ofddecibels to express uncertainties—may can lead to asym
utions (e.g. +1,5 dB is equivalent to +19-%, but —1,5 dB is equivalent to =16 %).

2 When each component of uncertainty is small, i.e. less than 1 dB, the overall uncertainty c
hted using decibels.

Common sources-of uncertainty

considered\exhaustive but may be used as a guide when assessing uncertainties
fic paraméter. Depending on the parameter to be measured, some (though possibl

be mlinimized by the use of the same measuring channel (amplifier, filter, voltmeter,

for all signals and measuring only amplitude ratios. However, since this might not be the
in alllimplementations, components for these sources of error have been included in the |

tion,

ed:

nner

5 are
form
The
as a

metric

Aan be

nould
for a
y not

f these.sources will need assessment. For example, the errors from measuring instrumpents

etc.)
case

st.

Various potential sources of uncertainty are as given below.

a) Due to alignment and waterbath:

1) positioning of the hydrophone for maximum signal;

2)

far from omnidirectional;

3) interference from acoustic reflections, leading to a lack of free-field conditions;

4)

5)

by the mount);

adequate wetting and soaking of transducers and hydrophones;

misalignment, particularly at high frequencies where the hydrophone response may be

acoustic scattering from the hydrophone mount (or vibrations picked up and conducted

bubbles or air clinging to transducer and or hydrophone — this should be minimized by
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b)

c)

6)
7)

8)

cavitation bubbles and dust particles in the water;

variation in environmental conditions during the measurements (e.g. temperature, depth,

mounting/rigging, etc.);
errors in the measurement of distances.

Errors related to signal management:

1)
2)
3)

hydrophone sensitivity data;
electrical noise on the hydrophone signal include RF pick-up;

additional noise through waveform deconvolution (see 5.1.7.2);

4 7
1

N>

4
5

N OO N WN 2o =

- o © o ¢

D)errors due to the resolution of the digitizer;
1)errors in the time base.
rrors related to the ultrasonic field:

—hydrophone-calibration;

D) nonlineat distortion;
1)thespatial averaging effects of the hydrophones due to their finite size.

<l £ 1 H £ £l H £ <l Loot: L L 2\
CITUN UutT U TUYUTATTodiivulT TImeTiTy TUT UTULUTIvVUTULIVIT (oUT U, . I,

inaccuracy of any electrical loading corrections made to account for loading by exte
cables and preamplifiers;

inaccuracy of any electrical signal attenuators used;
errors due to the lack of linearity in the measurement system (the usgof a calib

hsion

rated

attenuator to equalize the measured signals may significantly reduce-this contribution);

inaccuracy of the gains of any amplifiers, filters and digitizers usgd;

errors in measurement of the receive voltage (including the ‘accuracy of the meas
instrumentation — voltmeter, digitizers, etc.);

overlapping acoustic scan lines;

variation between scan lines;

lack of steady-state conditions;

errors in the values for acoustic freguency;

errors in the values for water density;

local temperature variations'\between repeated measurements;

instability of ultrasound\transducer (e.g. instability of the output or electrical
conditions);

instability of the_.hydrophone;
temperature.sensitivity of the hydrophone;

uring

drive
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Annex J
(informative)

Transducer and hydrophone positioning systems

There are numerous ways to mount the ultrasonic transducer and hydrophone such that the
requirements specified in 5.2-may can be met. Figure J.1 illustrates a possible system.

/ /

IEC

Key
1 ulfrasonic transducer (linear array)(translations optional)
bepm axis

tank

hyfrophone active element

X A oW N

, Y and Z denote thevaxis directions relative to the mounted hydrophone and ultrasonic transducer

Figure J.1 — Schematic diagram of the ultrasonic transducer and
hydrophone degrees of freedom
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Annex K
(informative)

Beamwidth midpoint method

In the method®, orthogonal line scans are used and the square root of pulse-pressure-
squared-integral values, ppsi, are divided into 20 intervals corresponding to the —0,1 dB to
—-26 dB level. See Table K.1.

Beamwidths are calculated at as many of the table decibel levels as signal level will permit,

and the locations of their centres are averaged together to obtain beamwidth midpoint

both
midp

x and y. The intersection of lines perpendicular to scan lines and passing throug
pints is the beam centrepoint.

Table K.1 — Decibel beamwidth levels for determining midpoints

s for
h the

Normalized Normalized Levels
SQRT{ppsi)

Jepsi ppsi

Linear Linear dB

0,988 5 0,977 1 -0,100 6
0,95 0,902 5 -0,445 5
0,9 0,8100 -0,915 1
0,85 0,722 5 -1,4116
0,8 0,640 0 -1,938 2
0,75 0,562 5 -2,498 8
0,7 0,490 0 -3,098 0
0,65 0,422 5 -3,7417
0,6 0,360 0 -4,437 0
0,65 0,302 5 -5,1927
0/5 0,250 0 -6,020 6
0,45 0,202 5 -6,9357
0,4 0,160 0 -7,958 8
0,35 0,122 5 -9,118 6
0,3 0,090 0 -10,457 6
0,25 0706275 =12;0412
0,2 0,040 0 -13,979 4
0,15 0,022 5 -16,478 2
0,1 0,010 0 -20,0000
0,05 0,002 5 -26,020 6

5 The beamwidth midpoint method is adapted from an approach developed by TNO, Prevention and Health, Leiden,
the Netherlands.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS - HYDROPHONES -

Part 1: Measurement and characterization of medical ultrasonic fields

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comprising
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interngtional
coloperation on all questions concerning standardization in the electrical and electronic fields. Ao this erjd and
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Techhical Rgports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").| Their
préparation is entrusted to technical committees; any IEC National Committee interested in the subject dedlt with
may participate in this preparatory work. International, governmental and non-governmental organizations lfaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organizatfon for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizatipns.

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

IEC Publications have the form of recommendations for international\use and are accepted by IEC National
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content ¢f IEC
Publications is accurate, IEC cannot be held responsible for/the<way in which they are used or fqr any
miginterpretation by any end user.

In|order to promote international uniformity, IEC NationakCommittees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence between
anl IEC Publication and the corresponding national or fegional publication shall be clearly indicated in the|latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, access to0 IEC marks of conformity. IEC is not responsible fpr any
sefvices carried out by independent certificationbodies.

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

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual experfs and
megmbers 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 feeg) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall nét be held responsible for identifying any or all such patent rights.

IEC 62127-1-has been prepared by IEC technical committee 87: Ultrasonics. It i an

InterpationakStandard.

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.
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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
acousptic pressure parameters, acoustic pressure being the primary measurement quantity when
hydrgphones are used to characterize the field.

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

Part 1: Measurement and characterization of medical ultrasonic fields

1 Scope

This part of IEC 62127 specifies methods of use of calibrated hydrophones for the

meag
band
contg

This

NOTE|
areas

likely

NOTE|

2 Normative references

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

cons
For
amer

IEC ¢
Proc

width criteria and calibration frequency range requirements in dependence on the sp
nt of the fields to be characterized.

document:

bfines a group of acoustic parameters that can be measured on a physically sound b

bfines a second group of parameters that can be derived under eertain assumptions
ese measurements, and called derived intensity parameters;

bfines a measurement procedure that can be used for (the determination of acg
ressure parameters;

5ing calibrated hydrophones;

hite bandwidth and finite active element $ize, and for estimating the correspo
ncertainties.

1 Throughout this document, S| units are used. In the specification of certain parameters, such as

o be specified in cm? and intensities in W/6m? or mW/cm?2,

2 The hydrophone as defined can. bé of a piezoelectric or an optic type.

itutes requirements of this document. For dated references, only the edition cited ap
undated references, the latest edition of the referenced document (including
dments) applies.

pdures for free-field calibration of hydrophones

urement in liquids of acoustic fields generated by ultrasonic medical equipment incliding

ctral

asis;

from

ustic

pfines the conditions under which the measurements ofyacoustic parameters can be made

fines procedures for correcting for limitations{catsed by the use of hydrophones| with

nding

beam

and intensities, it can be convenient to usewdecimal multiples or submultiples. For example, beam drea is

ntent
blies.
any

0565=1y."Underwater acoustics — Hydrophones — Calibration of hydrophones — Part 1:

IEC 61689, Ultrasonics — Physiotherapy systems — Field specifications and methods of
measurement in the frequency range 0,5 MHz to 5 MHz

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, Statistical interpretation of data — Part 6: Determination of statistical tolerance
intervals
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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.

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

e |HC Electropedia: available at http://www.electropedia.org/
e |30 Online browsing platform: available at http://www.iso.org/obp
3.1

acoustic pulse waveform
temppral waveform of the instantaneous acoustic pressure at a specified position |n an
acouptic field and displayed over a period sufficiently long to include jall significant acqustic
information in a single pulse or tone-burst, or one or more cycles inca continuous wave

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

3.2
acoustic repetition period
arp
pulse repetition period for non-automatic scanning systems and the scan repetition périod
for automatic scanning systems, equal to the time interval between corresponding poirts of
consgcutive cycles for continuous wave systems

Note 1 to entry: The acoustic repetition period>is expressed in seconds (s).

3.3
acoustic-working frequency
acoustic frequency

frequency of an acoustic sighal*based on the observation of the output of a hydrophone placed
in an|acoustic field at the pasition corresponding to the spatial-peak temporal-peak acolstic
pressure

Note 1 to entry: Theftsignal is analysed using either the zero-crossing acoustic-working frequency technifjue or
a spegtrum analysijs, moethod. Acoustic-working frequencies are defined in 3.3.1, 3.3.2, 3.3.3, 3.3.4 and 3.3.5.

Note 3 to entrys./In a number of cases the present definition is not very helpful or convenient, especially for
broadpand-transducers. In that case, a full description of the frequency spectrum is expected to be given in order
to enaplesany/frequency-dependent correction to the signal.

Note TICy 7S expressed i ertz(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 are expected to show evidence of phase change.

Note 2 to entry: The measurement 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.
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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 level of the acoustic pressure spectrum is 3 dB below the peak level

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

Note 2 to entry: It is assumed that f; < 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 level is 3 dB below the peak 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

fleef)dr P if Lp(f)>max{7(f)-3dB
fog STy Y ()2 maed() 0
[lp(r)|dr 0 otherwise
wherp
f is the frequency of the acoustic pressure spectrum;
[P(H|| is the modulus of the complex-valued spectrum of the acoustic pulse waveform;
: . 1P(f) :
Lp(f)| is the pressure level spectrum given from Lp(f)=20logyo 5 dB with P.o = 1 Pa.
ref

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

Note 4 to entry: The integrals in Formula (1) are definite, to be taken from the minimum to the maximum [of the
acquined signal spectrum.

Note § to entry: The restriction'to the range with pressure levels equal to or larger than -3 dB of the peak I¢vel is
requirgd 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 pre peaks in‘the acoustic pressure spectrum close to the -3 dB threshold. This is particularly relevant {or the
determination of-derated field parameters as required in IEC 62359 using a single derating factor depending pn the
acoudtic-working frequency.

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

3.3.5

temporal-average acoustic frequency

S

acoustic-working frequency of the time averaged acoustic pressure spectrum of the acoustic
signals measured at the point of maximum temporal-average intensity
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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: IEC 61828:2020, 3.7]

IEC
Key

1 externalitransducer surface plane 7 azimuth plane, scan plane

2 source’aperture plane 8 principal longitudinal plane

3 source aperture 9 longitudinal plane

4 beam area plane 10 X, azimuth axis

5 beamwidth lines 11 Y, elevation axis

6 elevation plane 12 Z, beam axis

[SOURCE: IEC 61828:2020]

Figure 1 — Schematic diagram of the different planes and lines in an ultrasonic field

3.5
azimuth plane

plane containing the beam axis and the line of the minimum full width half maximum
beamwidth

SEE: Figure 1
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Note 1 to entry: For an ultrasonic transducer array, this is the imaging plane.

Note 2 to entry: For a single ultrasonic transducer with spherical or circular symmetry, it is any plane cont
the beam axis.

[SOURCE: I[EC 61828:2020, 3.8]

3.6
bandwidth
BW

aining

difference in the most widely separated frequencies f; and f, at which the level of the acoustic
pressure spectrum becomes 3 dB below the peak level, at a specified point in the acoustic field

Note 1 to entry: Bandwidth is expressed in hertz (Hz).

3.7
beanm area

Ap 6:b,20
arealin a specified plane perpendicular to the beam axis consisting of.all points at whic

the plulse-pressure-squared integral in that plane

Note 1 to entry: If the position of the plane is not specified, it is the plane passing through the point corresp
to the|maximum value of the pulse-pressure-squared integral in the whole‘aCoustic field.

Note 4 to entry: In a number of cases, the term pulse-pressure-squared integral is replaced everywhere
above|definition by any linearly related quantity, for example

a) inthe case of a continuous wave signal the term pulse-pressure-squared integral is replaced by mean s
acpustic pressure as defined in IEC 61689,

b) in|cases where signal synchronization with the scanframe is not available the term pulse-pressure-sq
infegral may be replaced by temporal average intensity.

Note 3 to entry: Some specified fractions are 0,25.and 0,01 for the -6 dB and -20 dB beam areas, respecti

Note 4 to entry: Beam area is expressed in units of metre squared (m?).

3.8
beam axis
straight line that passes through the beam centrepoints of two planes perpendicular to th

whiclh connects the point.of-maximal pulse-pressure-squared integral with the centre ¢
external transducer aperture

SEE| Figure 1

Note 1 to entry:(" The location of the first plane is the location of the plane containing the maximum pulse-preg
squarged integralor, alternatively, is one containing a single main lobe which is in the focal Fraunhofer zon
locatign of fhe“second plane is as far as is practicable from the first plane and parallel to the first with the san
orthodonal scan lines (x and y axes) used for the first plane.

h the

pulslf-pressure-squared integral is greater than a specified fraction 6f the maximum value of

nding

in the

quare

uared

b line
f the

sure-
. The
e two

Note 2 to entry: In a number of cases, the term pulse-pressure-squared integral is replaced in the above definition

by any linearly related quantity, for example

a) in the case of a continuous wave signal the term pulse-pressure-squared integral is replaced by mean square

acoustic pressure as defined in IEC 61689,
b) in cases where signal synchronization with the scanframe is not available the term pulse-pressure-sq
integral may be replaced by temporal average intensity.

3.9
beam centrepoint

uared

position determined by the intersection of two lines in the same beam area plane xy passing

through the beamwidth midpoints of two orthogonal planes, xz and yz, perpendicular to
respective beamwidth lines

their

[SOURCE: IEC 61828:2020, 3.15, modified — In the definition, "in the same beam area plane x)"

and ", perpendicular to their respective beamwidth lines" have been added.]
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beamwidth midpoint
linear average of the location of the centres of beamwidths in a plane

Note 1

to entry: The beamwidth midpoint method is described in Annex K.

Note 2 to entry: The average is taken over as many beamwidth levels given in Table K.1 as signal level per

2022

mits.

[SOURCE: IEC 61828:2020, 3.22, modified — Note 1 to entry has been replaced by new Notes

here
by a

inition
quare

uared

w the

to entry.]

3.1

bear*width

We» W12: W20

greafest distance between two points on a specified axis perpendicular to the beam axis w

the pulse-pressure-squared integral falls below its maximum on the specified axis

speclfied amount

Note 1 to entry: In a number of cases, the term pulse-pressure-squared integral is replaced in the above def]

by any linearly related quantity, for example

a) inthe case of a continuous wave signal the term pulse-pressure-squared integral is replaced by mean s
acpustic pressure as defined in IEC 61689,

b) in|cases where signal synchronization with the scanframe is not available the term pulse-pressure-sq
infegral can be replaced by temporal average intensity.

Note 4 to entry: Commonly used beamwidths are specified at<z6 dB, -12 dB and -20 dB levels belo

maximum. The decibel calculation implies taking 10 times the logarithm of the ratios of the integrals.

Note 3 to entry: Beamwidth is expressed in metres (m).

3.12

broagdband transducer

transducer that generates an acoustic .pulse of which the bandwidth is greater thanp the

acoustic-working frequency

3.13
cent
<for
scan

3.14
deriv
quoti
of th

al scan line
putomatic scanning systems> ultrasonic scan line closest to the symmetry axis g
plane

ed instantaneous intensity

medium at a particular instant in time at a particular point in an acoustic field

f the

nt of squared instantaneous acoustic pressure and characteristic acoustic impedance

p(t)°

~
)
™
A

pc

where

p(?)
p

Cc

Note 1 to entry:

is the instantaneous acoustic pressure;
is the density of the medium;
is the speed of sound in the medium

an approximation of the instantaneous intensity.

Note 2 to entry: Increased uncertainty is expected to be taken into account for measurements very close

transd

ucer.

(2)

For measurement purposes referred to in this document, the derived instantaneous intensity is

to the
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Note 3 to entry: Derived instantaneous intensity is expressed in units of watt per metre squared (W/m?).

3.15
diam

etrical beam scan

set of measurements of the hydrophone output voltage made while moving the hydrophone
in a straight line passing through a point on the beam axis and in a direction normal to the
beam axis

Note 1 to entry:

3.16
dista

Zr

dista

Nnce z

The diametrical beam scan can extend to different distances on either side of the beam axis.

nce along the beam axis between the plane containing the peak-rarefactional.aco

pressure and the external transducer aperture

Note

3.17
dist3

Zc

dista

to entry: The distance z, is expressed in metres (m).

nce z.

nce along the beam axis between the plane containing the peak-compressional aco

pressure and the external transducer aperture

Note

3.18

distance

prsi
dista

to entry: The distance z_ is expressed in metres (m).

'ppsi

squared integral and the external transducer aperture

Note

3.19

to entry: The distance 2, is expréssed in metres (m).

psi

distance zg,¢,

Zspta
dista

average intensity and the external transducer aperture

Note

Note 2

to entry:/~In.practice, this distance is equal to the distance Zppsit

to entry: The distance z is expressed in metres (m).

spta

Listic

Listic

nce along the beam axis between thevplane containing the maximum pulse-pressure-

hce along the beam axis between the plane containing the spatial-peak tempioral-

3.20

effective hydrophone size

ah

size of a theoretical receiver hydrophone that has a predicted directional response function
with an angular width equal to the observed angular width

Note 1 to entry: The size is usually a function of frequency. For representative experimental data, see [1]

Note 2 to entry: The effective hydrophone size is expressed in metres (m).

Note 3 to entry: For hydrophones with a circular geometry, the effective hydrophone size is a radius.

Note 4 to entry: For hydrophones with a rectangular geometry, the effective hydrophone size is the half

larges

t value of the length or width.

of the
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[SOURCE: IEC 62127-3:2007, 3.2, modified — In the term, "radius" has been replaced with
"size". In the definition, "radius of a stiff disc receiver" has been replaced with "size of a
theoretical receiver". The NOTES have been replaced.]

3.21

effective radius of a non-focusing ultrasonic transducer

at

radius of a perfect disc piston-like ultrasonic transducer that has a predicted axial acoustic
pressure distribution approximately equivalent to the observed axial acoustic pressure
distribution over an axial distance until at least the last axial maximum has passed

Note 1 to entry: The effective radius of a non-focusing ultrasonic transducer is expressed in metres_(m)

3.22
elecfric load impedance
Z
complex electric input impedance (consisting of a real and an imaginary,_paft) to which the
hydrpphone unit output cable is connected or is intended to be connected

Note 1 to entry: The electric load impedance is expressed in ohms (Q).

[SOURCE: IEC 62127-3:2007, 3.3, modified — In the definition,("hydrophone or hydrophone
assembly output" has been replaced by "hydrophone unit output cable".]

3.23
elevation axis
line ip the source aperture plane (measurement)-or'transducer aperture plane (design) that
is pefpendicular to the azimuth axis and the beam axis

SEE:Figure 1
[SOYRCE: IEC 61828:2020, 3.48, modified — Notes to entry have been omitted.]

3.24
elevation plane
long(tudinal plane containifhgythe elevation axis

SEE:Figure 1

[SOURCE: IEC 61828:2020, 3.49, modified — The words "and the beam axis" have jpeen
deleted since this\is already included in the definition of longitudinal plane.]

3.25
end-pf-cable loaded sensitivity

M, (/)
<of a hydrophone or hydrophone assembly> quotient of the Fourier transformed hydrophone
voltage-time signal F(u (7)) at the end of any integral cable or output connector of a
hydrophone or hydrophone assembly, when connected to a specified electric load
impedance, to the Fourier transformed acoustic pulse waveform F(p(¢)) in the undisturbed

free field of a plane wave in the position of the reference centre of the hydrophone if the
hydrophone were removed

M (1) T (3)
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Note 1 to entry: The end-of-cable loaded sensitivity is a complex-valued parameter. Its modulus is expressed in
units of volt per pascal (V/Pa), its phase angle is expressed in degrees, and represents the phase difference between
the electrical voltage and the sound pressure.

3.26
end-of-cable loaded sensitivity level

<of a hydrophone or hydrophone assembly> twenty times the logarithm to the base 10 of the
quotient of the modulus of the end-of-cable loaded sensitivity |V, (f)| to a reference sensitivity
M

ref

L, (f) :20Iog10|j\{‘;ﬂd8 (4)

ref

Note 1 to entry: Commonly used values of the reference sensitivity M are 1 V/pPa orA V/Pa.

Note 4 to entry: The end-of-cable loaded sensitivity level is expressed in decibgls (dB).

3.27
end-pf-cable open-circuit sensitivity
M)
<of a hydrophone> quotient of the Fourier transformedchydrophone open-circuit voltageftime
signgl F(u.(r)) at the end of any integral cable or poutput connector of a hydrophone tp the

Fourfer transformed acoustic pulse waveform F(p(¢)) in the undisturbed free field of a plane

wave in the position of the reference centre, of the hydrophone if the hydrophone |were
removed

Mc(f)=—) (5)

Note 1 to entry: The end-of:cable open-circuit sensitivity is a complex-valued parameter. Its modulus is
expregsed in units of volt'\per pascal (V/Pa), its phase angle is expressed in degrees, and represents the phase
differgnce between the electrical voltage and the sound pressure.

3.28
external transducer surface
external transducer aperture
part pf(the’ surface of the ultrasonic transducer or ultrasonic transducer element group
assembly that emits ultrasonic radiation into the propagation medium

SEE: Figure 1

Note 1 to entry: This surface is assumed to be accessible for measurements using a hydrophone in a chosen
propagation medium (usually water).

Note 2 to entry: This surface is either directly in contact with the patient or is in contact with a water or liquid path
to the patient.

[SOURCE: I[EC 61828:2020, 3.52]
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3.29

external transducer surface plane

external transducer aperture plane

plane that is orthogonal to the beam axis of the unsteered beam, or the axis of symmetry of
the azimuth plane for an automatic scanner, and is adjacent physically to the ultrasonic
transducer and external transducer surface

SEE: Figure 2

Note 1 to entry: If the ultrasonic transducer is flat, the plane is coplanar with the radiating surface of the
ultrasonic transducer; if it is concave, the plane touches the periphery of the radiating surface; if it is convex, the
plane is tangent to the centre of the radiating surface at the point of contact.

[SOYRCE: IEC 61828:2020, 3.53]

3.30
far field
region of the field where z > z aligned along the beam axis for planar non-focusing transdlicers

Note 1 to entry: In the far field, the sound pressure appears to be spherically divergent/from a point on or nqar the
radiating surface. Hence the pressure produced by the sound source is approximdtely inversely proportional|to the
distanfe from the source.

Note 24 to entry: The term far field is used in this document only in connectién’ with non-focusing source transducers.
For fqcusing transducers, a different terminology for the various partshof the transmitted field applie§ (see
IEC 61828).

Note 3 to entry: If the shape of the transducer aperture produceés several transition distances, the one fyrthest
from the transducer is used.

3.31
hydrpphone geometrical radius

a
g
radius defined by the dimensions of the ae¢tive element of a hydrophone

Note 1 to entry: The hydrophone geometrical radius is expressed in metres (m).

[SOYRCE: IEC 62127-3:2007,.3.8]

3.32
hydrpphone
transiducer that produces electric signals in response to pressure fluctuations in water

Note 1 to entry: A/hydrophone is principally a passive device designed and built to respond to sound presstire.

Note 7 to entry=» In some applications, a hydrophone is used as an active device to transmit sound.

[SOUREE: IEC 60050-801:2021, 801-32-26]

3.33
hydrophone assembly
combination of hydrophone and hydrophone pre-amplifier

[SOURCE: IEC 62127-3:2007, 3.10]

3.34

hydrophone pre-amplifier

active electronic device connected to, or to be connected to, a particular hydrophone and

reducing its output impedance

Note 1 to entry: A hydrophone pre-amplifier requires a supply voltage (or supply voltages).
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Note 2 to entry: The hydrophone pre-amplifier may have a forward voltage transmission factor of less than one,
i.e. it need not necessarily be a voltage amplifier in the strict sense.

[SOURCE: IEC 62127-3:2007, 3.12]

3.35

instantaneous acoustic pressure

p(t)

pressure at a particular instant in time and at a particular point in an acoustic field, minus the
ambient pressure

3.36

instgntaneous intensity

1(1)
acou
area
field

Note 1
It is d
this d
transd
instar

Note 2

3.37
loca
Fa

squa

Note
than O

Note 2

level,

RCE: IEC 60050-802:2011, 802-01-03]

normal to this direction at a particular instant in time and at a particular point in an acg
to entry: Instantaneous intensity is the product of instantaneous @coustic pressure and particle veg

taneous intensity can be approximated by the derived instantaneous intensity.

to entry: Instantaneous intensity is expressed in units of watt per metre squared (W/m?).

area factor

re root of the ratio of the source apérture area to the beam area at the point of inte

/ A
Fa — ?beﬁ

to entry: The relevant local beam area, 4, is that for which the pulse-pressure-squared integral is ¢
135 (that is,~1Ve?) times the maximum value in the cross-section.

to entry \_If the beam profile is approximately Gaussian at the distance of interest and the area at the

4, & isknown, the local beam area can be calculated as 4, = 4, 4/0,69: (0,69 = 3 In(10)/10): F, = @

5tic energy transmitted per unit time in the direction of acoustic wave propagation pef unit

ustic

locity.

fficult to measure intensity in the ultrasound frequency range. For the“measurement purposes referreq to in
bcument and under conditions of sufficient distance from the external transducer aperture (at leagt one
ucer diameter, or an equivalent transducer dimension in/the” case of a non-circular transducef) the

rest

reater

-6 dB
4SAeff .

,6

[SOURCE: IEC TS 61949:2007, 3.11, modified — "source aperture" has been replaced by
"source aperture area"; the formula for the general case has been added; the second sentence
of the original definition has been moved to a Note 1 to entry; the third sentence of the original
definition has been changed into a Note 2 to entry and provides more details and the symbol
for the -6 dB beam area was changed to conform with Clause 4.]

3.38

local distortion parameter

%q

index which permits the prediction of nonlinear distortion of ultrasound for a specific ultrasonic
transducer
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20 fawt B 1
0q = ZPm TE (7)
where
z is the axial distance of the point of interest to the transducer face;
Pm is the mean-peak acoustic pressure at the point in the acoustic field corresponding to
the spatial-peak temporal-peak acoustic pressure;
B is the nonlinearity parameter (8 = 1 + B/24 = 3,5 for pure water at 20 °C);

Sfaws | is the acoustic-working frequency;

F, is the local area factor.

Note 1 to entry: If the transmitting system comprises an internal standoff utilizing a water“or water-equivalent
propagation medium, the offset distance between the transducer element and the transducer face increasgs the
actual| path length z to be considered. The nominal distance between the beam axis’svintersection with the ¢rystal
and thie transducer face can be used.

[SOYRCE: IEC TS 61949:2007, 3.12, modified — The text of the definition has changed
substantially, the formula however is unchanged; Note 1 to entry-has been added.]

3.39
long|tudinal plane
plang defined by the beam axis and a specified orthogonal axis

SEE Figure 1

3.40

mean peak acoustic pressure
Pm

arithmmetic mean of the peak-rarefactional acoustic pressure and the peak-compressjonal
acoustic pressure

Note 1 to entry: Mean peak acoustic pressure is expressed in pascals (Pa).

[SOYRCE: IEC TS 61949:2007, 3.13, modified — Note 1 to entry has been added.]

3.41
nearifield
region of the field where z < z aligned along the beam axis for planar non-focusing transdlicers

Note 1toentry: For circular planar transducers, this is at a distance less than 4, /n4, where 4, is the output|beam

area and 415 the wavetength of the uftrasoundcorresponding to the acoustic frequency-

Note 2 to entry: If the shape of the transducer aperture produces several transition distances, the one closest to
the transducer is used.

3.42
number of pulses per ultrasonic scan line

n
pps
number of acoustic pulses travelling along a particular ultrasonic scan line

Note 1 to entry: Here ultrasonic scan line refers to the path of acoustic pulses on a particular beam axis in
scanning modes and non-scanning modes.

Note 2 to entry: This number can be used in the calculation of any ultrasound temporal average value from
hydrophone measurements.
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Note 3 to entry: The following shows an example of the number of pulses per ultrasonic scanline and the number
of ultrasonic scanlines (shows the end of a frame):

1234;1234;1234...npps=1;ns|=4

11223344;11223344; ...npps=2;nsl=4

1111222233334444;1111222233334444; ...npps=4;nsl=4

112233441 11222333444;11223344111222333444;...npps=5;nsl=4 (within one frame
the pulses down each line may not occur contiguously)

Note 4 to entry: Within one frame, all scan lines possibly do not have the same n___ value.

pPs
An example is: 122334;122334;...avgnpp3—15 max n, s= 2 ng =4

07 AMD 12013345 mudifred—=thefourthrexampteim NoteStoentry
he last example has been moved to a Note 4 to entry.]

[SOURCEEEC 611572 4
has heen corrected and

3.43
number of ultrasonic scan lines

ng)

quantity of ultrasonic scan lines that are excited during one scan repetition period

Note 1 to entry: This number can be used in the calculation of temporal average values for scanning modeg from
hydrophone measurements.

[SOYRCE: IEC 61157:2007/AMD1:2013, 3.46]

3.44
offsgt distance

doffset
distahce between the source aperture plane @nd the external transducer surface pjane,
meagured along the beam axis

SEE|Figure 2

Note ] to entry: Offset distance is expressed-in metres (m).

[SOYRCE: IEC 61828:2020, 3.90]

3.45
operpting mode
mode of operation of & system

3.45/1
combined-operating mode
operpting.mode that combines more than one discrete-operating mode

Note 1 to entry Examples of comblned operatmg modes are real-time B- mode combmed with M- mode B+M),
real-tif E
mode and pulsed Doppler (B+M+D) real-time B-mode comblned with real- tlme flow -mapping Doppler (B+rD), i.e.
flow-mapping in which different types of acoustic pulses are used to generate the Doppler information and the imaging
information.

3.45.2

discrete-operating mode

operating mode of medical diagnostic ultrasonic equipment in which the purpose of the
excitation of the ultrasonic transducer or ultrasonic transducer element group is to utilize
only one diagnostic methodology

Note 1 to entry: Examples of discrete-operating modes are A-mode (A), M-mode (M), static B-mode (sB), real-
time B-mode (B), continuous wave Doppler (cwD), pulsed Doppler (D), static flow-mapping (sD) and real-time flow-
mapping Doppler (rD) using only one type of acoustic pulse.
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3.45.3
inclusive mode
combined-operating mode having acoustic output levels (p, and I

spta) less than those
corresponding to a specified discrete-operating mode

3.45.4

non-scanning mode

operating mode that involves a sequence of ultrasonic pulses which give rise to ultrasonic
scan lines that follow the same acoustic path

3.45.5

scanLr:ing mode
operpting mode that involves a sequence of ultrasonic pulses which give rise to ultragonic
scan| lines that do not follow the same acoustic path

3.46
output beam area
Aob
area |of the ultrasonic beam derived from the —12 dB beam area at the” external transducer
aperture

Note 1 to entry: For reasons of measurement accuracy, the -12 dB'“(output beam area is derived from
measyrements at a distance chosen to be as close as possible to the face' of the transducer, and, if possiljle, no
more than 1 mm from the face.

Note 2 to entry: For contact transducers, this area can be taken as the geometrical area of the ultrgdsonic
transducer or ultrasonic transducer element group.

Note 3 to entry: The output beam area is expressed in unjts’ of metre squared (m?).

3.47
output beam dimensions
Xob’ Yob

dimepsions of the ultrasonic beam (<12 dB beamwidth) in specified directions perpendicular
to edch other and in a direction, normal to the beam axis and at the external transducer
aperture

Note {1 to entry: For reasons, of.measurement accuracy, the —12 dB output beam dimensions is deriveq from
measyrements at a distancetehosen to be as close as possible to the face of the transducer, and, if possiljle, no
more than 1 mm from the face.

Note 4 to entry: Forl\eontact transducers, these dimensions can be taken as the geometrical dimensions [of the
ultrasjonic transducer or ultrasonic transducer element group.

Note 3 to entrys~Output beam dimensions are expressed in metres (m).

3.48
output-beam intensity

Iob

temporal-average power output divided by the output beam area

Note 1 to entry: Output beam intensity is expressed in units of watt per metre squared (W/m?).

3.49
peak acoustic pressure

pe (or py) or p (or p_)
peak-compressional acoustic pressure or peak-rarefactional acoustic pressure

Note 1 to entry: Peak acoustic pressure is expressed in pascals (Pa).
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3.50

peak-compressional acoustic pressure

pe (or py)

maximum positive instantaneous acoustic pressure in an acoustic field or in a specified plane
during an acoustic repetition period

Note 1 to entry: Peak-compressional acoustic pressure is expressed in pascals (Pa).

Note 2 to entry: The definition of peak-compressional acoustic pressure also applies to peak-positive acoustic
pressure, which is also in use in literature.

3.51

peak-rarefactional acoustic pressure
pr (o p_)

maxifnum of the modulus of the negative instantaneous acoustic pressure in an acoustid field
or infa specified plane during an acoustic repetition period

Note 1 to entry: Peak-rarefactional acoustic pressure is expressed using a positive nbumber for the nunjerical
value.

Note 7 to entry: Peak-rarefactional acoustic pressure is expressed in pascals (Pa):

Note 3 to entry: The definition of peak-rarefactional acoustic pressure also applies to peak-negative acpustic
presslire, which is also in use in literature.

3.52
pringipal longitudinal plane
plane containing the beam axis and two points that define the minimum -6 dB beamwidth

SEEFigure 1

Note 1 to entry: The selection of this axis is arbitrary:for-a circularly-symmetric transducer.

Note 7 to entry: For a HITU transducer with a holein its centre within which is a diagnostic imaging transducgr, this
axis if aligned with the azimuth axis of the imaging transducer.

Note 3 to entry: For rectangular ultrasonic-transducers, it is the plane parallel to their longest side.

[SOURCE: IEC 61828:2020,.3:4+10 modified — the reference to HITU transducers has [peen
deleted in Note 1 to entry.]

3.53
pulse-average intensity
Ipa
quotient of the{pulse-intensity integral to the pulse duration at a particular point in an
acoustic field

Note ] toentry: This definition applies to pulses and bursts.

Note 2 to entry: Pulse-average intensity is expressed in units of watt per metre squared (W/m?2).

3.54

pulse duration

lq

1,25 times the interval between the time when the time integral of the square of the
instantaneous acoustic pressure reaches 10 % and 90 % of its final value

SEE: Figure 4

Note 1 to entry: The final value of the time integral of the square of the instantaneous acoustic pressure is the
pulse-pressure-squared integral.

Note 2 to entry: Pulse duration is expressed in seconds (s).
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3.55

pulse-intensity integral

pii

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

Note 1 to entry: For measurement purposes referred to in this document, pulse-intensity integral is proportional
to pulse-pressure-squared integral.

Note 2 to entry: The pulse-intensity integral is expressed in units of joule per metre squared (J/m2).

3.56

pulse-pressure-squared integral
ppsi
time jntegral of the square of the instantaneous acoustic pressure at a particular\point jin an
acougtic field integrated over the acoustic pulse waveform

Note {to entry: The pulse-pressure-squared integral is expressed in units of pascal squared,times second (PaZ?s).

3.57
pulseé repetition period
prp
time [interval between equivalent points on successive pulses or tone-bursts of pplses
comgprising a discrete operating mode

Note 1 to entry: The pulse repetition period is expressed in seconids (s).

3.58
pulse repetition rate

prr
recipfocal of the pulse repetition period

Note 1 to entry: The pulse repetition rate is expressed in hertz (Hz).

3.59
reference centre
<of 4 hydrophone> point on,.Wwithin or near a hydrophone about which its electro-acqustic
characteristics are defined

Note {to entry: The reference centre often corresponds to the geometrical centre of a hydrophone active elgment,
unlesq otherwise stated,

[SOURCE: IEC.608500:2017, 3.26, modified — The context <of a hydrophone> and the|term
"actiye elementlin Note 1 to entry have been added. In the definition, the word "geometrical"
has een deleted.]

3.60
RMS acoustic pressure

PRMS

root-mean-square (RMS) of the instantaneous acoustic pressure at a particular point in an
acoustic field

Note 1 to entry: The mean should be taken over an integral number of acoustic repetition periods unless
otherwise specified.

Note 2 to entry: RMS acoustic pressure is expressed in pascals (Pa).
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3.61
scan
A

S

-area

<for automatic scanning systems> area on a specified plane (or surface) consisting of all points
within the beam area of any beam passing through the surface during the scan

Note 1 to entry:

Note 2 to entry: The scan-area is expressed in units of metre squared (m?2).

3.62
scan
<for

Note 1
case,
major
plane

3.63
scan

srp

plane

The specified plane (or surface) follows the same shape as the external transducer aperture.

hutomatic scanning systems> plane containing all the ultrasonic scan lines

to entry: Some scanning systems have the ability to steer the ultrasound beam in two directions.

here is no scan plane that meets this definition. However, it might be useful to consider alplane throu
axis of symmetry of the ultrasonic transducer and perpendicular to the transducer face\(or"another s
as being equivalent to the scan plane.

repetition period

<for automatic scanning systems with a periodic scan sequence>time interval between ide

point

Note 1
acous
withoJ
this d

Note 4

3.64
scan
srr
recip

Note 1

3.65
sour
Aspe
equiy
as th
meag

SEE:

5 on two successive frames, sectors or scans

to entry: In general, this document assumes that an individual ‘'scan line repeats exactly after a num

t any sequence of repetition, it will not be possible to charnacterize a scanned mode in the way descri
cument. The approach described in Annex F can be usefulwhen synchronization cannot be achieved.

to entry: The scan repetition period is expressed‘in seconds (s).

repetition rate

rocal of the scan repetition period

to entry: The scan repetition 'rate is expressed in hertz (Hz).

ce aperture area

f
alent aperture area for an ultrasonic transducer of unknown characteristics, meas
b area insjdethe —20 dB pulse-pressure-squared-integral contour in the closest pos
urementplane (source aperture plane) to the external transducer aperture

Figure 2

n this

gh the

itable

htical

ber of

ic pulses. In case an ultrasonic transducer or ultrasonic-transducer element group radiates ultrasound

bed in

ured
sible

Note

to entry: The nominal transmitting area of the source can be used for the calculation of the local distortion

parameter o_ in cases where there is a significant offset between the transducer crystal and the front face due to an

q

internal standoff.

Note 2 to entry: Source aperture area is expressed in units of metre squared (m?).
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Beamwidth Principal
focal length longitudinal plane

External transducer Source /h—>/ /
aperture plane aperture
/ Beamwidth focus /

Source
aperture width

. ) o
Depth-of-field o -

-

~_6 dB beam contour

/
Offset
distance

oW W Minimum -6 dB beamwidth

min min

Beamwidth focal line IEC

[SOURCE: IEC 61828:2020]

Figure 2 — Several apertures and planes for a transducer of unknown geometry

3.66
sourge aperture plane
closgst possible measurement plane to the external transducer surface plane thiat is
perpg¢ndicular to the beam axis

SEEFigure 2

Note 1 to entry: If the offset distance is zero; the source aperture plane can be coincident with the exfernal
transdlucer aperture plane.

[SOYRCE: IEC 61828:2020, 3.135]

3.67
sourge aperture width

Lsp
<in al specified longitudinal plane> greatest —20 dB beamwidth along the line of intersection
betwgen the desighated longitudinal plane and the source aperture plane

SEE|Figurex2

Note {1 te entry: If a transducer is circularly-symmetric, a radial line scan is sufficient to determine the width.

Note 2 to entry: If a HITU transducer has a hole in its centre, the beginning and ending —20 dB points of the width
are measured and noted with reference to the centre.

Note 3 to entry: Source aperture width is expressed in metres (m).

[SOURCE: IEC 61828:2020, 3.136, modified — the reference to HITU transducers has been
deleted in the Note 1 to entry.]
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3.68
spatial-average pulse-average intensity
1

sapa

pulse-average intensity from one ultrasonic transducer or ultrasonic transducer element
group averaged over the beam-area for that particular ultrasonic transducer or ultrasonic
transducer element group

Note 1 to entry: A burst is also to be understood to be a pulse.
Note 2 to entry: Spatial-average pulse-average intensity is expressed in units of watt per metre squared (W/m?2).

3.69
spatial-average temporal-average intensity
I

sata
temporal-average intensity averaged over the scan-area or beam area as appropriate

Note 1 to entry: Spatial-average temporal-average intensity is expressed in units of watt_ per metre squared
(W/m?).

3.70
spatijal-peak pulse-average intensity

Isppa

maximum value of the pulse-average intensity in an acoustic field or in a specified plang

Note 1 to entry: Spatial-peak pulse-average intensity is expressed in-Units of watt per metre squared (W/m?).

3.7
spatijal-peak RMS acoustic pressure

Pspr
maxifjnum value of the RMS acoustic pressuré’in an acoustic field or in a specified plane

Note 1 to entry: Spatial-peak RMS acoustic pressure is expressed in pascals (Pa).

3.72
spatijal-peak temporal-average.intensity

Ispta

maximum value of the temporal-average intensity in an acoustic field or in a specified plane

Note 1 to entry: For systégms+in combined-operating mode, the time interval over which the temporal averpge is
taken Jis sufficient to incldde-any period during which scanning is not be taking place.

Note 4 to entry: Spatial-peak temporal-average intensity is expressed in units of watt per metre squared ({V/m?2).

3.73
spatial-peak temporal-peak acoustic pressure

Psptp
larger
pressure

Note 1 to entry: Spatial-peak temporal-peak acoustic pressure is expressed in pascals (Pa).

3.74

spatial-peak temporal-peak intensity
Isptp

maximum value of the temporal-peak intensity in an acoustic field or in a specified plane

Note 1 to entry: Spatial-peak temporal-peak intensity is expressed in units of watt per metre squared (W/m?2).
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3.75

temporal-average intensity

Ita

time-average of the instantaneous intensity at a particular point in an acoustic field

Note 1 to entry: The time-average is considered over an integral number of acoustic repetition periods.

Note 2 to entry: In principle, the temporal-average intensity is an average over a relatively long time interval. For
ultrasonic medical diagnostic systems in non-scanning modes, the instantaneous intensity is averaged over one
or more pulse repetition periods. For ultrasonic medical diagnostic systems in scanning modes, the
instantaneous intensity is averaged over one or more scan repetition periods for a specified operating mode.

Note JTo entry: Temporal-average intensity IS expressed I units of watl per metre squared (W/m-).

3.76
temporal-peak acoustic pressure
ptp
maximum value of the modulus of the instantaneous acoustic pressure at a particular [point
in an|acoustic field

Note 1 to entry: Temporal-peak acoustic pressure is expressed in pascals (Pa),

3.77
temporal-peak intensity
Itp
maximum value over time of the instantaneous intensity-at a particular point in an acdustic
field

Note { to entry: Temporal-peak intensity is expressed in units of watt per metre squared (W/m?2).

3.78
timejwindow-average intensity

L, at/(1)
time-varying value of the instantaneous intensity averaged over a window of duration A

t+At/2
Iw,At/S (t) :E I I(Z') dr’ (8)
t—At/2
wherp
1(2) is theninstantaneous intensity;
Atls is'the numerical value of the moving time window width in seconds;
t' is the variable of integration.

Note 1 to entry: The time varying time-window-average intensity for a time window width of 20 s, for instance, is
denoted by 7, ,(?).

Note 2 to entry: Time-window-average intensity is expressed in units of watt per metre squared (W/m?).

3.79
transducer aperture area

Ata
effective active area of an ultrasonic transducer in the transducer aperture plane

Note 1 to entry: Transducer aperture area is expressed in square metres (m?).

[SOURCE: IEC 61828:2020, 3.145]
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3.80
transducer aperture plane

plane that is orthogonal to the beam axis of the unsteered beam and is adjacent physically to

the ultrasonic transducer

SEE: Figure 1

Note 1 to entry: If the ultrasonic transducer is flat, the plane is coplanar with the transmitting surface of the
ultrasonic transducer; if it is concave, the plane touches the periphery of the transmitting surface; if it is convex,
the plane is tangent to the centre of the transmitting surface at the point of contact.

[SOURCE: IEC 61828:2020, 3.146]

3.81
trangducer aperture width

Lp

full width of the transducer aperture along a specified axis orthogonal to the beam axis ¢

unstgeered beam at the centre of the transducer

SEE|Figure 3

Note {1 to entry: Transducer aperture width is expressed in metres (m).

[SOURCE: IEC 61828:2020, 3.148, modified — The phrase "at4he centre of the transducer

been|added to the definition.]

Transducer aperture plane
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|
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A

The radius of curvature is D = Dpp + h.

[SOURCE: IEC 61828:2020]

Figure 3 — Parameters for describing a focusing transducer of known geometry
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3.82

transducer assembly

set of parts of medical diagnostic ultrasonic equipment comprising the ultrasonic
transducer and/or ultrasonic transducer element group, together with any integral
components, such as an acoustic lens or integral stand-off

Note 1 to entry: The transducer assembly is usually separable from the ultrasound instrument console.

3.83
transition distance

T

aperfurearea divided by & times theeffective wavetength 7|

[SOYRCE: IEC 61828:2020, 3.153, modified — The words "effective wavelength"<have peen
addef to the definition.]

3.83/1
trangition distance for design

ZTD
<for @ given longitudinal plane> transducer aperture area 4, ofthe ultrasonic transducer

divided by = times the effective wavelength A

ZTp < ATA/(TE/I) (9)

Note 1 to entry: For design, for an unapodized ultrasonicidransducer with circular symmetry about the beanj axis,
the squrce aperture area is naez, where a is the effectiye radius; therefore the transition distance is z; = a 2/;.

Note 7 to entry: For a spherically focusing transdugcer, the transition distance is approximately the same buf more
exactly itis - —2p2 (1, 1-(a/ D)? )/; whete®D is the radius of curvature.

Note 3 to entry: For design, for an unapodiZed rectangular ultrasonic transducer which has a transducer apgrture
width| L. ,,, in a specified longitudinal)plane, the effective in-plane area is (LTA1)2. Therefore, for this plane, the

transition distance is z;, = (LTM)Z/(M”). The transition distance for the orthogonal longitudinal plane induding
the second transducer aperture width is z;, = (LTA2)2/(7r/1).

Note 4 to entry: For apodized transducers with a symmetric even apodization or weighting function W (normlalized
to a maximum value of one for the particle velocity distribution), the transition distances are the following.

For cifcularly symmetric transducers with an active radius a:

2 a
zr = I) I W (#)rdr
0.

For a rectangular transducer with a physical aperture length L in a given longitudinal plane, for example, xz:

2

4 L/2
;= (—) J. W (x)dx
0

.

Note 5 to entry: For symmetric shapes other than the most common cases of circular symmetry and rectangular
geometry, the same definition of transition distance can be used. For example, for apertures with n-fold symmetry
(n > 2) such as hexagons and octagons, the transition distance in a symmetry plane perpendicular to a side is equal
to the area of the aperture divided by (n4). For annular arrays with several rings, the equivalent area is the total (all
rings) area of the active aperture. For cases in which unique phasing is used, such as annular arrays with alternate
phase shifts (0° or 180°) in addition to intended focusing or for cases of apertures with unusual shapes and phasing,
three-dimensional diffraction computation is employed to determine the minimum beamwidth corresponding to the
appropriate transition distance.

Note 6 to entry: Transition distance for design is expressed in metres (m).
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[SOURCE: IEC 61828:2020, 3.153.1, modified — Note 6 to entry has been omitted here.]

3.83.2
transition distance for measurement

™
<for a given longitudinal plane> source aperture area, Ag.¢, Of the ultrasonic transducer

divided by = times the effective wavelength A

zrm = Aspefe (14) (10)

Note ] to entry: For measurements in each specified longitudinal plane, the source aperture widthdn that|plane
is usefl, or zp, = (Lgp,)%/(n4); in the other orthogonal plane, z, = (Lgp,)?/(nh).

Note 3 to entry: Transition distance for measurement is expressed in metres (m).

[SOURCE: IEC 61828:2020, 3.153.2]

3.84
treatment head
assenbly comprising an ultrasonic transducer and associdied parts for local applicatipn of
ultrasound to the patient

[SOURCE: IEC 60601-2-5:2009, 201.3.214, modified-~ A note in the original has been delgted.]

3.85
ultrasound instrument console
electronic unit to which the transducer assembly is attached

3.86
ultrasonic scan line
<for gcanning systems> beam axis*for a particular ultrasonic transducer element group, or
for a particular excitation of an:ultrasonic transducer or ultrasonic transducer element group

Note 1 to entry: In this document; ultrasonic scan line refers to the path of acoustic pulses and not to a linefon an
image|on the display screen‘ofia system.

Note 4 to entry: In general, this document assumes that an individual scan line repeats exactly after a given number
of acoustic pulses. In ¢ase an ultrasonic transducer or ultrasonic transducer element group radiates ultrajsound
withoyt any sequenrgce. of repetition, it will not be possible to characterize a scanned mode in the way descriped in
this dgcument. Fhenapproach described in Annex F can be useful when synchronization cannot be achieved.

Note 3 to efitry: The case where a single excitation produces ultrasonic beams propagating along more thgn one
beam |axis is"not considered.

3.87

ultrasonic scan line separation

Ss

<for automatic scanning systems> distance between the points of intersection of two
consecutive ultrasonic scan lines of the same type and a specified line in the scan plane

Note 1 to entry: For this definition it is assumed that consecutive ultrasonic scan lines are spatially adjacent; this
is not true for all types of scanning equipment.

Note 2 to entry: The ultrasonic scan line separation is expressed in metres (m).

3.88

ultrasonic transducer

device capable of converting electrical energy to mechanical energy within the ultrasonic
frequency range and/or reciprocally of converting mechanical energy to electrical energy
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ultrasonic transducer element
element of an ultrasonic transducer that is excited in order to produce an acoustic signal

3.90

ultrasonic transducer element group
group of elements of an ultrasonic transducer which are excited together in order to produce
an acoustic signal

3.91

ultrasonic transducer element group dimensions

2022

dime’l;lsions of the surface of the group of elements of an ultrasonic transducer element\group
which includes the distance between the elements, hence representing the overall dimensgions
Note 1 to entry: Ultrasonic transducer element group dimensions are expressed in metres ().

3.92

uncertainty

parameter, associated with the result of a measurement, that characterizes the dispersipn of
the vplues that could reasonably be attributed to the measurand

Note 1 to entry: See ISO/IEC Guide 98-3:2008, 2.2.3.

4 Symbols

ap, effective hydrophone size

agq hydrophone geometrical radius

ay effective radius of a non-focusing ultrasonic transducer

Amax maximum effective radius for a specific hydrophone application

arp acoustic repetition period

Ap 65 4p,20 beam area corresponding to -6 dB beam area and -20 dB beam area

Ay geometrical area‘oef an ultrasonic transducer

Aop output beam area

Ag scan-area

Agpel source aperture area

Atp transducer aperture area

BW bandwidth

c speed of sound in the medium (usually water)

C end-of-cable capacitance of a hydrophone

Ce parallel input capacitance of an electrical load

dofiset offset distance

Sawf acoustic frequency, acoustic-working frequency

fp peak pulse acoustic frequency

f time average acoustic frequency

Fy local area factor

1 instantaneous intensity

Iob

output beam intensity
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pulse-average intensity

spatial-average pulse-average intensity
spatial-average temporal-average intensity
spatial-peak pulse-average intensity
temporal-average intensity

temporal-peak intensity

spatial-peak temporal-average intensity

~
=
2

pps

pii
ppsi

spatial-peak temporal-peak intensity
time-window-average intensity

2w/
spatial averaging correction factor

end-of-cable loaded sensitivity level
pressure level spectrum

low-pass filtering function
transducer aperture width

source aperture width

end-of-cable open-circuit sensitivity

end-of-cable loaded sensitivity

number of pulses per ultrasonic scan line

number of ultrasonic scan lines per image for spatial distribution

instantaneous acoustic pressure
pulse-intensity integral
pulse-pressure-squared integral
mean peak acoustic pressure

temporal-peak acoustic pressure

pulse repetition rate
pulse repetition period
spatial-peak RMS acoustic pressure

spatial-peak temporal-peak acoustic pressure

RMS acoustic pressure
peak-compressional acoustic pressure
peak-rarefactional acoustic pressure

total ultrasonic power
total power emitted by one acoustic scan line

ratio of the —6 dB beamwidth to the effective hydrophone diameter
ultrasonic scan line separation

scan repetition period
scan repetition rate
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mbly

Xis

ment
wing

tq pulse duration

U () end-of-cable voltage for a hydrophone

v instantaneous particle velocity

wg, Wq1o, Wog beamwidth (at -6 dB and -12 dB and -20 dB levels)

Xobr Yob output beam dimensions

z distance between a hydrophone and an ultrasonic transducer

Zg distance z,

Zypsi distance z,,;

Z, distance z,

Zspta distance zgp,

z7 transition distance

Z1D transition distance for design

ZTM transition distance for measurement

Zy complex electric output impedance of a hydrophone or hydrophone asse
Z electric load impedance

S nonlinearity parameter

0 angle of incidence of an ultrasonic waye“with respect to the hydrophone g
A acoustic wavelength in a liquid

p density of the medium (usually water)

oq local distortion parameter

® (2nf,¢) circular frequency

5 Measurement requirements

5.1 Requirements for.hydrophones and amplifiers

5.1.1 Preface

In ordler to selectia’hydrophone and amplifier that is appropriate for the type of measure
to bg undertaken, it shall be ensured that the selected devices conform with the follg
requirements:-Requirements for hydrophone performance in this clause are either in addition
to orfsupérsede those for hydrophones in IEC 62127-3.

5.1.2 General

It is assumed throughout this document that a hydrophone is a device that responds to
waterborne acoustic waves [see |IEV 801-32-26] in such a way that the output voltage is
proportional to the acoustic pressure. Generally, this relationship is frequency dependent; thus,
if M, (f) is the end-of-cable loaded sensitivity of a hydrophone (see 3.25 and Annex C), the

instantaneous acoustic pressure p(z) is related to the measured end-of-cable voltage u| () by

where

p(e) = F UL 1 M

(11)


https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=801-32-26
https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

IEC 62127-1:2022 © |EC 2022 - 35—

F1 denotes the inverse Fourier transform;

U/ (f) s the Fourier transform result of u ().

NOTE 1 See 5.1.7.2 and Annex D to implement this method.

NOTE 2 For mathematical completeness, Formula (11) needs to include the real part operator, Re, on the right-
hand side. However, for the type of spectra relevant here, the time domain data is not likely to comprise imaginary
components with the exemption of a possible constant numerical residue, and thus Re is omitted in this formula
throughout the document.

If the hydrophone or hydrophone assembly meets the requirements of a narrow-band
approximation ifi in 5.1.7.1. then instantan i r r n be
mined from Formula (12):

p(8) = up (6) [ M (faws)! (12)

wherg

|M, (fhwe)l is the modulus of the end-of-cable loaded sensitivity-of\the hydrophone gt the
acoustic-working frequency.

5.1.3 Sensitivity of a hydrophone

WheI no hydrophone pre-amplifier is used, the sensitivity of the hydrophone shall refer to
the ¢nd-of-cable loaded sensitivity and shall be «determined for the particular elegtrical
loadipg conditions (see 3.22).

When a hydrophone pre-amplifier is used, the sensitivity of the hydrophone shall refer to the
end-pf-cable loaded sensitivity which relaté€sto the particular hydrophone assembly.

NOTE[1 The method outlined in IEC 62127-3 canbe used for the determination of end-of-cable loaded sensifitivity
assunling the end-of-cable open-circuit sensitivity of the hydrophone is known.

NOTE|2 See Clause B.10 for tabulated gxamples of specification parameters.
5.1.4 Directional response-of a hydrophone

The dlirectional response of the hydrophone shall be known.

Syminetry of the directional response shall conform to IEC 62127-3.

NOTE| There are\two reasons to know the directional response of a hydrophone. First, it can be necessary gs part
of thelfield characterization procedures described in Annex B, in which case the directional response needs| to be
known at the,appropriate acoustic-working frequency. Secondly, the directional response is used to deriye the
effectjve_hydrophone size.

5.1.5 Effective hydrophone size

The effective hydrophone size shall be known and determined following the method described
in IEC 62127-3.

5.1.6 Choice of the size of a hydrophone active element
5.1.6.1 General

The choice of the effective hydrophone size for a specific application shall be determined by
consideration of the following.

The effective size of the element should ideally be comparable with or smaller than one quarter
of the acoustic wavelength, so that phase and amplitude variations do not contribute
significantly to measurement uncertainties.


https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

- 36 — IEC 62127-1:2022 © |EC 2022

It is not possible, because of the large range of types of ultrasonic transducers, to establish
a simple relationship between the optimum effective element size of the hydrophone and
parameters such as the ultrasonic transducer dimension, the acoustic wavelength and the
distance from the ultrasonic transducer. However, in the far field it is reasonable to relax the
above criterion. For circular ultrasonic transducers, the following criterion may be used as a
guide to the determination of the maximum effective radius a,,, of a hydrophone active

element. a,,,, is given by Formula (13):

A 1/2
Amax :8—a1(12+a1 ) (13)

wherg

a4 if the effective radius of the ultrasonic transducer;

/
A

4 the distance between the hydrophone and the ultrasonic transducer face;

q the acoustic wavelength corresponding to the acoustic-working‘frequency.

See [2] ' and [3].
For 4 focused ultrasonic transducer, the above relationship“may still be used.

For gn ultrasonic transducer with a non-circular element, the above relationship may sJiII be
used|by replacing a4 by one half the maximum ultrasonic transducer dimension or ultragonic

trangsducer element group dimension.

Reqgyirements of the size of the hydrophone active element are relaxed for measurements of
ultragonic fields generated by physiotherapy systems (see 8.3.1).

For representative experimental data, see [1].

5.1.6.2 Spatial averaging:éeffect

The Iractical requirement of an adequate signal-to-noise ratio or other considerations can| lead
to the use of a hydrophone with an element size greater than that recommended above. In this
case| care should be'taken in interpreting measurements as a piezoelectric hydrophonﬁnis a
phasg sensitive detector that integrates the complex acoustic pressure over its active element.

When the hydrophone is translated from the position of maximum received signal in any
direction normal to the beam axis by an amount equal to the effective hydrophone|size
elempnt, 'the decrease in signal should be less than 1 dB. If this is not the case, corrections for
spatiphaveraging should be made. See Annex E.

Improved corrections can also be made using diffraction corrections, see [2], [3], [4], [5].

The spatial averaging effect may also be addressed by spatial deconvolution of the
hydrophone aperture as proposed in [6], [7], [8]. However, the method may suffer from signal-
to-noise ratio issues in practical cases.

For nonlinear broadband acoustic pulse waveforms, the method of inverse spectral filtering
as outlined in Clause E.2 should be applied to correct for spatial averaging.

T Numbers in square brackets refer to the Bibliography.
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5.1.7 Bandwidth
51.71 Narrow-band approximation

Narrow-band approximations shall be considered as being appropriate whenever the local
distortion parameter is less than 0,5 (see 7.2.4).

In this case, it is sufficient to consider the sensitivity value at the acoustic-working frequency
as being representative of the sensitivity value at all frequencies of interest.

NOTE 1 When measunng narrow- band acoust|c S|gnals itis assumed that all the S|gn|f|cant frequency components
withinpthe e et - e be little
variation in the end- of cable Ioaded sen5|t|V|ty of the hydrophone

NOTE|2 The simplifying assumption given above can also be used when measuring acoustic fields with-a bfoader
frequgncy content provided that the end-of-cable loaded sensitivity of the hydrophone shows only [imited
variations over the frequency range necessary to accurately represent the acoustic signal.

If thel value of the local distortion parameter exceeds 0,5 (see 7.2.4), then the end-of-¢able
loaded sensitivity level of the hydrophone or hydrophone assembly.shall vary by less|than
+3 dB over the frequency range (f) from one octave below to three octaves above the acoystic-
working frequency, where the 0 dB reference point is located(at the acoustic-working
frequency, f,,+ That is, for

fawf/ 2 st 8fawf (14)

Ly, (far) =3 dB < Ly (NS Ly, (faw) + 3 dB (15)

wherp L, (f):20log10|_];[ f)|dB and- M _1%

ref

D

NOTE|3 There is scientific justification/for using an extended range f,

il 16 S £ < 8f, ¢ (i.e. four octaves befow to

three |octaves above jjawf), based-"on~[9] and [10] (see also Annex A). However, experimentally determined

hydrojphone calibration data is available for a limited bandwidth only, for instance from 1 MHz to 100 MHz. To|judge
whethpr the narrow-band appreximation is appropriate according to Formulas (14) and (15), hydrophone frequency
respomse extrapolation can.be-applied as an alternative method in the same way as described in 5.1.7.2.2 indluding
Notes|1, 2 and 3, and Annex D for broadband measurements, if necessary. That is, extrapolation of M, (f) dan be

used o cover frequencies+ outside the calibration range available, at maximum below half of the acoustic-wgrking
frequéncy towards zero and above the lesser of four times the acoustic-working frequency or 100 MHz tgwards
the Nyquist frequenhcy fNyquist, e.g. for 0 < f < f /2 and for min[4f . 100 MHz]< f < fNyquist. Detalls on

awf awf’
considerations,for/appropriate extrapolation are provided in D.4.2.

If thg narrew-band approximation requirements are not fulfilled the broadband measurgment
methpd.ef 5.1.7.2 shall be followed.

If the broadband measurement method of 5.1.7.2 is implemented in the measurement system,
it may be used for all situations including those covered by the narrow-band approximation
requirements.

Measurements performed in conformity with the first edition of IEC 62127-1 may have
considered frequency contributions up to 40 MHz only. The changed requirements of this
second edition do not imply that such measurements of the past shall be repeated for output
measurements on equipment already characterized in conformity with the first edition. If
necessary, the systematic error of the limited bandwidth may in such cases then be attributed
by an additional uncertainty contribution.

NOTE 4 See 8.2.4 for specific consideration of diagnostic equipment of low acoustic output.
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5.1.7.2 Broadband measurements
5.1.7.21 General

In case the narrow-band approximation requirements cannot be met, the uncertainty in the
measurement can become unacceptably large due to limited bandwidth and frequency
dependent sensitivity variation of the hydrophone. Voltage-to-pressure conversion shall then
be performed using the frequency-dependent sensitivity of the hydrophone and the frequency
content of the acoustic pulse waveform. The measurement method based on deconvolution
of the acquired waveform with the hydrophone response as described here in 5.1.7.2 and in
Annex D produces more accurate results. For performing deconvolution, specific aspects of
hydr . . o o e . and
uncdrtainty determination shall be considered in accordance with 5.1.7.2.2, 5.1.7.2\3 and
5.1.7,.2.4.

5.1.7.2.2 Deconvolution bandwidth

Application of Formula (11) to determine the acoustic pulse waveform reduires the complex
divisifon of the voltage spectrum U, (f) by the sensitivity M, (f). For this opération data sets must
match, e.g. the frequency increment and range of both spectra must berxthe same. The frequency
increment of U, (f) depends on the length of the acquired acoustic-pulse waveform (inclliding
zero [padding if applicable) and the frequency range extends from 0 to the Nyquist freqyency
assogiated with the sample rate used. Experimentally obtainéd. "hydrophone calibration|data
M, (f), however, may provide different frequency increments and ranges. If necessary,
calibfation data can be interpolated between consecutive ‘sensitivity data points available for
the Rydrophone (see Annex D). If necessary, extrapolation of M, (f) may be used to ¢over

freqﬂenciesfoutside the calibration range availableg at maximum below half of the acoustic-

working frequency towards zero and above the\lesser of four times the acoustic-working
frequency or 100 MHz towards the Nyquist frequency f\yquist: ©-9- for 0 < /< f;,#/2 and for

min [# fawe 100 MHZ] <foNyquist. Details efi*considerations for appropriate extrapolatioh are
provided in D.4.2.

NOTE|1 The maximum lower limit of 100/MHz for extrapolating at higher frequencies in the above requirement
assumles availability of hydrophone calibration certificates up to 100 MHz at the time this document is published. If
only allower upper limit is available at this"time, then that limit can be used instead for practicability.

NOTE| 2 Secondary pulse calibration techniques have been developed [11], [12] and can be applied by the
hydrophone user to determine the sensitivity of the individual hydrophone in frequency ranges where caliljration
servicp is not available. The same techniques can be used, in general, for hydrophone calibration data extrapo]ation,
and to check conformity with the narrow-band approximation through Formulas (14) and(15).

NOTE|3 For some types of hydrophones, the variation of sensitivity at higher frequency can possibly be prefdicted
from dalibration data“obtained at lower frequencies. For example, above the resonance frequency of a menibrane
hydrophone, the-sensitivity is likely to follow a predictable trend. In such cases, the sensitivity prediction can b¢ used
in plage of direct.measurements so long as the uncertainty in the prediction is accounted for, based on califjration
measyrements_of similar hydrophones throughout the frequency range where the prediction is used.

5.1.7.2.3 Regularization

Deconvolution is mathematically speaking an ill-posed inverse problem, which in the discrete
time domain results in an ill-conditioned estimation problem [13], [14]. For instance, at very high
frequency the acquired hydrophone signal may still comprise some noise contribution but the
sensitivity may be close to zero. Formula (11) then leads to a large impact of such noise within
the deconvolution, see Annex D for a waveform example. To obtain waveforms with acceptable
overall noise, in general, appropriate low-pass filtering is necessary; this also reduces the
occurrence of Gibbs oscillations. Including such a regularization, Formula (11) is then extended
towards
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p(t) =J—'1[Q(f)'%j (16)

where LP(f) denotes the complex-valued low-pass filtering function. Different filter functions can
be used for hydrophone signal deconvolution [14], [15], [16], [17], [18], [19], [20], [21]. Since
any low-pass filtering induces additional bandwidth limitation and hence possibly cutting of
peak pressure parts of the waveform, the filter cut-off frequency shall be kept as large as
possible while still providing enough noise suppression to achieve reasonable uncertainties
for waveform parameters. The —3 dB cut-off frequency of the low-pass filtering shall be 8-{fimes
the acoustic-working frequency £, determined from the pressure spectrum withoutJow-pass

filtering or higher.

NOTE|1 In measurement situations with stable pulse repetition, high-frequency noise suppression can be imgroved
by incfeasing signal averaging.

NOTE|2 In general, bandwidth reduction of nonlinearly distorted ultrasonic waveformsythrough additional low-pass
filterinlg will affect the peak compressional pressure stronger than the peak rarefactional pressure and dgrived
intensjty data.

NOTE|3 For high amplitude nonlinearly distorted waveforms of high intensity therapeutic ultrasound or lithgtripsy
comprjsing up to 100 harmonics, cut-off frequencies larger than 8-times the acoustic-working frequency are needed
to avojd cutting of the peak compressional waveform parts and excessiveisystematic uncertainty contribution|of the
reguldrization. Specifications are provided in 8.3.2.

2
ir
NOTE|4 A good choice for the numerical filter type sufficientin many applications is of the form Q(f) =111 k‘f(
Jg

with i v-1 andfg denoting the -6 dB corner frequency.dhe -3 dB corner frequency then is approximatelyfg 1,555

[17].

NOTE|5 In principle, the regularization filter andCut-off frequency choice can be supported by optimizing the ¢verall
uncerfainty of the deconvolved waveform including the partly competing noise and regularization component$ [14].

NOTE|6 Of the acoustic parameters listed”in 7.2.1, the peak compressional acoustic pressure is most lifely to
be aff¢cted by the choice of the regulafization filter.

5.1.7,2.4 Uncertainty estimation for broadband measurement method

Due [to the applicationyof Fourier transforms and inverse Fourier transforms, regularization
filtering, as well as(complex-valued hydrophone calibration data, the uncertainty estimation
for the broadband.-measurement method may appear less straightforward than in pther
situafions. However, a GUM-compliant uncertainty evaluation (ISO/IEC Guide 98-3| and
ISO/IEC Guide)98-3/Suppl.2 [22]) can be performed utilizing closed formulae forl the
propagatjon.of uncertainties when discrete Fourier and inverse Fourier transforms are applied,
and pnlopen-source software tool GUM2DFT?2 is available [21]. The method enables, for
instahce,_to prapagate to the time domain the frpmlpnr‘\/ dependent uncertainties aof the
hydrophone callbratlon data provided for modulus and phase in the frequency domain.

The introduction of additional numerical low-pass filtering for regularizing the deconvolution
problem introduces an additional uncertainty contribution to the measurement and data
evaluation procedure. The impact of the induced systematic error can be quantitatively
assessed, for instance, by considering a continuous upper bound function in the frequency
domain for the pressure magnitude spectrum based on a simple one-parametric basis functions
approach and incorporating additional prior knowledge, like monotonously decreasing spectral
components with frequency expected for nonlinearly distorted acoustic pulse waveforms, and
typical signature of high frequency noise in distinction to waveform signal contribution [14].

2 This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of this product.
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5.1.8 Linearity

The linear response, as defined in IEC 62127-3, should extend to 5 MPa.
The upper limit of known dynamic range shall be stated, in particular if below 5 MPa.

5.1.9 Hydrophone signal amplifier
5.1.9.1 General

Hydrophone amplifiers shall meet the following performance requirements.

5.1.9.2 Requirements for all amplifiers

The amplifier gain shall allow the hydrophone assembly to meet the requirements given in
5.1.7]

The gensitivity level shall not vary by more than 0,5 dB per 100 kHz frequency increment ipside
the sfated bandwidth. The requirement can be verified using an appropriate representatipn of
the flequency response that resolves all important details of the frequency dependence.

The linearity with input signal over a dynamic range of 50 dB shall be +0,3 dB.

The ¢pectral noise measured generated by the hydrophone assembly shall be sufficiently low
to allpw measurements to be performed with an adequatetsignal-to-noise ratio for any freqyency
withip the bandwidth considered.

The following performance parameters shall be specified:

— the gain as a function of frequency;

— the input impedance as a function of’frequency, either the real and imaginary compomnents
(4,) (see 3.22), or the equivalent parallel resistive and capacitive components;

— the output impedance.
5.1.9.3 Additional requirements for differential amplifiers

The impedance requirements given above shall apply except that the impedance is meagured
betwgen the two active inputs.

The gommon mode rejection shall be at least 40 dB (referred to the input) over the freqyency
rang¢ one ogtaye below to two octaves above f,+. See [23], [24].

5.1.110. < /Hydrophone cable length and amplifiers

A connecting cable of a length and characteristic impedance which ensures that electrical
resonance in the connecting cable does not affect the defined bandwidth of the hydrophone
or hydrophone assembly shall be chosen. The cable shall also be terminated appropriately.

To minimize the effect of resonance in the connecting cable, the length of the hydrophone
cable (in metres) shall be much less than 50/(f,,s + BW,g), Where f, is the acoustic-working

frequency in MHz and BW,, is the —20 dB bandwidth in MHz of the hydrophone signal. In
most cases a cable length of < 15 cm is usually adequate (see [25]).

NOTE 1 Attention is to be paid to the appropriateness of the output impedance of the hydrophone/amplifier in
relation to the input impedance of the connected measuring device.

NOTE 2 Methods that can be used to correct the effects of finite bandwidth of the hydrophone/amplifier on
waveforms suffering distortion from nonlinear propagation are given in Annex D.
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5.2 Requirements for positioning and water baths
5.2.1 General

There are various possible systems that may be used to mount the ultrasonic transducer and
hydrophone. The general performance requirements for such systems are specified here, and
these are considered as optimum for the purposes of this document. Alternative positioning
systems may be used providing equivalence with those described in this subclause is
demonstrated.

Annex J shows a simple configuration of tank, ultrasonic transducer and hydrophone
intenged-to-sk Fre difrate—soce o f ottt et e

5.2.2 Positioning systems
5.2.21 Transducer positioning

The @iltrasonic transducer under test shall be supported using a positioning-system such that
its face is fully immersed in the water bath and at a distance from any\adjacent surfacg, for
instapce, a water/air interface, so that reflected ultrasound from this surface does not intgrfere
with the main received signal. For the situation when the surface s’ parallel to the beam pxis,
the fpllowing criteria shall be satisfied.

If z ig the distance between the active element of a hydrophone and the face of an ultragonic
trangducer and ¢ is the time between the arrival of the direct pulse at the hydrophone and the
end ¢f the measurement acquisition period, then the minimum distance, #, between the heam
axis jand the reflecting surface shall be determined 4fom Formula (17):

(22 + 4n2)M2 - 2> ¢t (17)

It is preferable to immerse the transducer and not to use a membrane between the face ¢f the
ultrasonic transducer and the water bath. If, however, a membrane is needed, then the
memprane should be as thin ascpracticable and should be kept as close to the front surface of
the Ultrasonic transducer as is possible. Close acoustic coupling should be ensured by @ising
a waler-based coupling agent, taking care to exclude bubbles of air. Measurements of acqustic
parameters should be cerrected for transmission loss of the membrane.

5.2.2.2 Hydrophohe positioning

The hydrophone shall be set up in the coordinate positioning system such that the directipn of
maximum sénsitivity of the hydrophone is approximately parallel to the anticipated directipn of
the beam axis of the ultrasonic transducer to be measured.

NOTE ~To avoid effects on the measurements made on confinuous wave fields due to reflection of ultrasound from
the surface of membrane hydrophones, the hydrophone can be tilted. Tilting ensures that the reflected ultrasound
either does not interfere significantly with the transducer or is not subsequently reflected from the transducer face,
producing interference effects. Two methods used to determine the rotation required are described in Annex B.

5.2.2.3 Spatial positioning

The hydrophone and/or the ultrasonic transducer shall be supported from a positioning
system to allow them to be positioned relative to each other at any desired point within a space
with the following degrees of freedom:

a) spatial positioning along three orthogonal axes (named x, y and z), one (designated the
z-axis) being the beam axis of the active element of the ultrasonic transducer;

b) to be able to reproduce positions, all translation and rotation systems should be provided
with position indicators;
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c) the repeatability of positioning should be 0,101 or 0,05 mm, whichever is smaller.

NOTE 1 After alignment, the z-axis is expected to be parallel to the beam axis of the ultrasonic transducer.
NOTE 2 It is possible to relax the requirement of the reproducibility for many measurements. A reasonable basis is
to relate the precision of the positioning system to the diameter of the active element of the hydrophone. In the
direction perpendicular to the direction of propagation of the ultrasound, a precision equivalent to 10 % of the

diameter of the active element of the hydrophone is usually adequate, while in a direction parallel to the propagation
direction a precision equivalent to the diameter of the active element is usually adequate.

5.2.3 Water bath

5.2.3.1 General

The [|size of the measurement vessel shall be such that the ultrasonic transducer| and
hydrpphone can be moved relative to each other by an amount large enough to/permit the
active element of the hydrophone to be positioned at any point in the acoustic field at which
meagurements are required.

Means shall be incorporated to minimize effects on the measurement of reflection from any part
within the water bath or the walls (see also 5.2.3.2).

In a direction parallel to the beam axis for non-automatic scanning systems or the symmetry
axis of the azimuth plane for automatic scanning systems, the,wall of the water bath shoulld be
at a fdistance from the ultrasonic transducer which is significantly greater (30 % to 100 %)
than| the maximum separation distance between the ultrasonic transducer and the
hydrpphone.

In a|direction perpendicular to the beam axis for ‘non-automatic scanning systems or the
symmetry axis of the azimuth plane for automatic scanning systems, the wall of the water|bath
should be at a distance which is significantly, greater (30 % to 100 %) than the max'Lmum
distapce of the hydrophone from the beam axis in the case of non-automatic scanmning
systgms, or from an extreme scan line inithe case of automatic scanning systems.

NOTE[1 The size of the hydrophone also-needs consideration; for membrane hydrophones, extra width|in the
direction perpendicular to the beam axis might be needed.

NOTE|2 The criteria for the choice ofithe size of the water bath referred to above are adequate for pulse durations
less than 10 ps. For longer pulse durations, refer to 5.2.2.1 and [26].

5.2.3,.2 Lining material

The fneasurements'should be performed under conditions that approximate an acoustiq free
field.|In the casewfultrasonic transducers excited under continuous wave conditions, acqustic
absofbers should-be placed to intercept as much of the ultrasound incident on the walls gf the
watef bath as’is possible. For pulsed ultrasonic transducers, and when techniques ysing
gated signals are employed for detection of the hydrophone signal, it is not essential tg use
acouptic’absorbers. However, it is often advisable to place absorbers on the walls of the ater

3 3 A—in 3 sonic

The following tests may be used to determine the necessity for acoustic absorbers.

The criterion that may be applied is that acoustic absorbers should be used if reflected
ultrasound increases the general background noise level of the hydrophone signal uniformly
or if spurious hydrophone signals are detected in the vicinity of the main received signal.

A convenient test for the presence of spurious signals consists in changing the distance
between the ultrasonic transducer and the hydrophone while observing the signal with an
oscilloscope. Some spurious signals are observed to move at least twice the speed of the
directly received signal, others are received in an incorrect time window when comparing the
ultrasonic transducer to hydrophone distance. This test is possible only on pulsed systems.
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With continuous wave excitation, it is necessary to observe phase changes and distortion of the
main signal when the ultrasonic transducer is moved. A partial standing wave pattern may
also be observed in many cases.

The free field conditions will be met sufficiently when the overall echo is reduced by more than
25 dB. Various methods may be used to check the conformity of the echo reduction of the tank
lining materials used, with this subclause. The procedures described in IEC TS 63081 can be
applied to check the absorbing or scattering materials.

5.2.3.3 Water quality

For measurements in high pressure fields or on high power continuous wave excited ultragonic
trangducers, cavitation effects can be significant, and, in this case, degassed water should be
used|(see Annex G for guidance).

The yater should be distilled or de-ionized water at a known temperature. When)a single-lpyer,
electfically unshielded membrane [polyvinylidenefluoride (PVDF)] hydrophonhe is used, the
electfical conductivity of the water should be less than 5 uyS cm™1.

5.3 | Requirements for data acquisition and analysis systems

The {ransfer characteristics of the data acquisition and analysis-system shall be adequdte to
ensufe that, when used in combination with the hydrophone;pre-amplifier and amplifier, the
requirements of 5.1.6 to 5.1.9 are met for the combination.

5.4 | Recommendations for ultrasonic equipment being characterized

If the scanning in automatic scanning systems can be "frozen", appropriate acdustic
meagurements should be undertaken to ensurg;that there is no significant variation betwgen a
"frozen" beam and a scanning beam.

NOTE|1 This exercise is not trivial and depends‘on the type of scanning system. Also, true determination of terhporal
average parameters is not possible for a "frozen" beam.

If an electrical signal synchronjzed-to the excitation of the ultrasonic transducer or ultragonic
trangsducer element group is'\not available, alternative methods may be used to obtain slich a
trigger signal.

NOTE|2 Such alternative, methods include the use of an external electromagnetic pick-up coil or an auxiliary
acoustic sensor placed in the ultrasonic field. See [27], [28], [29].

In case an ultrasonic transducer or ultrasonic transducer element group radiates
ultragound without any sequence of repetition, it will not be possible to synchronize¢ the
meagurement system in the way described in this document. A subset of acqustic
meagurements, mostly related to safety aspects, is described in Annex F and may be Useful
whern syrichronization cannot be achieved.

Any system that controls the acoustic output of the ultrasonic transducer as a result of
changing acoustic impedance should be switched off. In case this cannot be achieved, an
additional measurement uncertainty should be taken into account.

6 Measurement procedure

6.1 General

The procedures described in Clause 6 and in Clause 7 are those that are particularly suitable
for the characterization of ultrasonic fields using piezoelectric hydrophones. Other procedures
based on the use of piezoelectric hydrophones may be employed provided equivalence with
the techniques described in Clause 6 is demonstrated.
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6.2 Preparation and alignment
6.2.1 Preparation

It may be necessary to seal various parts of the ultrasonic transducer to prevent ingress of
water, especially around the cable entry point if the whole of the device is immersed. The
manufacturer's advice should be sought.

Prior to use, the surfaces of the ultrasonic transducer and the hydrophone should be checked
for contamination. If this is present, the surfaces should be cleaned according to the
manufacturer's instructions. Any special precautions should be followed for the reliable use of
ii'a"’; ;"i-"’vv”’“ivi"G"’GGv Tre—Trafruractutre O whieh haVe
been|found necessary by the user, such as immersion of a hydrophone for a certain time.bgfore
use.

On irfsertion of both the ultrasonic transducer and the hydrophone in the water; care should
be tgken to ensure that all air bubbles are removed from the active faces. Checks should be
made during the course of the measurements to ensure bubbles do not appear.

6.2.2) Aligning an ultrasonic transducer and a hydrophone

The z-axis of the hydrophone, which is the direction of maximdm sensitivity, shall be aligned
such|that it is parallel to the direction of propagation of the‘dMrasound. A proper alignment
procgdure is given in IEC 61828.

6.3 Measurement

Makg the measurements with an appropriate hydrophone assembly. Carry out observatipn at
any point for long enough that a fully representative part of the acoustic signal is samfpled.
Typigally, this would be less than one second:

Ensure that the bandwidth, sampling rate and/or temporal resolution of the acquisition sylstem
are slufficient to accurately represent the hydrophone signal.

NOTE[1 New technology oscilloscopes+and digital capture cards are now available which allow extremely long
record lengths to be captured and analysed. In general, use of such a device is likely to be the most flexible yay to
determine all the necessary parameters.

NOTE|2 Since it is no longér-assumed that the acoustic signal will repeat, equivalent-time sampling is not pgssible

and, ¢onsequently, the _single-shot digital bandwidth will need to be sufficient to accurately represept the
hydrojphone signal.

6.4 | Analysis

6.4.1 Corrections for restricted bandwidth and spatial resolution

Correfctions shall be applied if the measurements are affected by a limited bandwidth|(see
5.1.7) or cable resonances (Se€ 5.1.10). If the narrow-band requirements (See 5.1.7.7T) are not
fulfilled the deconvolution method shall be applied (see 5.1.7.2).

Corrections shall be applied if the measurements are affected by spatial averaging effects as
identified in 5.1.6.2. Corrections shall be made following the methods given in Annex E.

6.4.2 Uncertainties

In evaluating and expressing the uncertainty in the calibration, the guidance provided by
ISO/IEC Guide 98-3:2008 [see Clause 2] shall be followed.

More guidance on assessment of uncertainties is given in Annex I.
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7 Beam characterization

7.1 General

Table 1 provides a guide to the acoustic parameters that may be used to specify the acoustic
output of various types of medical ultrasonic equipment.

Table 1 — Acoustic parameters appropriate to various types
of medical ultrasonic equipment

Equipment type Primary pressure Derived intensity Other parameters
parameters parameters

Pulsg¢-echo — static 1,2 4to6 7,8, 10 to 16, 18\0 2

— auto scanning 1,2 4106 7,8, 10 to 20
Dopgler — vascular 18, 2 4t06 7,10, 11,14, 18, 19

— foetal heart 18,2 4to6 7,10, 11, 14,18, 19

— pulsed 1,2 4t06 7,8, 10 to 16, 18 to 2
Therppy — continuous 18,2, 3 5,6 7,9,12, 14,18, 19
(physical)

— tone-burst 18,2, 3 4to6 7,9,12, 14 to 16, 18,19

NOTE Key to table as follows:

Clause Clausé

1 3.50 Peak-compressional acoustic pressure 8 M Beamwidth

2 3.51 Peak-rarefactional acoustic pressure 9 3.7 -20 dB beam area

3 3.60 RMS acoustic pressure 10 3.7 -6 dB beam area

4 3.70 Spatial-peak pulse-average intensity 11 3.47 -12 dB output beam dimensions

5 3.72 Spatial-peak temporal-average 12 3.38 Local distortion parameter
intensity

6 3.69 Spatial-average temporal-ayerage 13 3.1 Acoustic pulse waveform
intensity

7 | |7.3.2.4 | Derived ultrasonic power (or from 14 3.16 to | Location of any of the parameter
IEC 61161) 3.19 values

15 3.54 Pulse duration

16 3.58 Pulse repetition rate

17 3.64 Scan repetition rate

18 3.3 Acoustic-working frequency

19 3.90 Ultrasonic transducer element grqup

20 3.91 Ultrasonic transducer element grqup
dimensions

a

Forthis type of application the peak-compressional acoustic pressure Is assumed 10 be o equal magnitude to
the peak-rarefactional acoustic pressure.

Subclause 7.2 deals with the determination of some of the primary pressure parameters.

NOTE See Figure 4 for a schematic representation of some of the pulse parameters.
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7.2

7.2.1 General

With the ultrasonic transducer-and hydrophone mounted in accordance with 5.2.2, 5.2.]
6.2, any of the following acoustic parameters can be determined using the definitions list
Clause 3.

NOTE| When measurements are being made in order to conform with an individual standard (for example IEC
or IEQ 61157), the patameters required are those specified in that standard.

In th
of the ultrasonic transducer shall be stated and the reported values shall be describg
reprgsenting that plane only:

time

pressure
Figure 4 — Schematic diagram of the'method of determining pulse duration
Primary pressure parameters
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nje to reach the 10 % value of ppsi

nje to reach the 90 % value of ppsi

case of measurements made in a specified plane, the position of the plane from the

and
ed in

62359

face
d as

b
beamwidth specified at —12 dB level;

s lel - (] n Fal L1 1
Ut speliicu dal =0 UD 1€VET,

beam area specified at —20 dB level,

beam area specified at -6 dB level;

output beam dimension;

scan-area;

location of the spatial-peak temporal-peak acoustic pressure;
location of the maximum of the pulse-pressure-squared integral;
location of the spatial-peak temporal-average intensity;
ultrasonic scan line separation;

ultrasonic transducer element group dimensions;
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— pulse repetition rate;

— scan repetition rate;

— pulse duration;

— arithmetic-mean acoustic-working frequency or magnitude-weighted acoustic-
working frequency;

— acoustic pulse waveform;

— local distortion parameter;

— peak-compressional acoustic pressure;

- p
- S
NOTE

7.2.2

A sy

pak-rarefactional acoustic pressure;
patial-peak RMS acoustic pressure.

Arithmetic-mean acoustic-working frequency is equivalent to center frequency in [30].

Peak-compressional acoustic pressure and peak-rarefactional acoustic
pressure

stematic search shall be made to locate the point or points lef“peak-compress

acoustic pressure and peak-rarefactional acoustic pressure.

NOTE
press

Repd
of an
spec

7.2.3
A sys

NOTE
occeur,

Meagd
inclu
hydr

In th
scan

Particular regions of interest are those areas where on the beam ‘axis maxima or minima of any of
res occur.

rting of peak compressional acoustic pressure should be accompanied by a descr:Lption

y regularization filter used (see 5.1.7.2.3, NOTE6). At a minimum, that description s
fy the —3 dB corner frequency of the regularization filter.

Spatial-peak RMS acoustic pressure

onal

these

ould

tematic search shall be made to locate the point of spatial-peak RMS acoustic pressure.

1 Particular regions of interest are those areas where on the beam axis maxima or minima of this prg

urements shall be made-over an integral number of acoustic repetition periods and
e all parts of the acoustic repetition period when there is ultrasound incident o
pbphone.

b case of scanning modes, in order to determine the RMS acoustic pressure ovsg
repetitionsperiod, it is essential to measure the received signal from conseg

ultra
ultra
or frd
array

onic sean lines. This received signal corresponds to excitations from conseg
onic transducer element groups, in the case of multi-element ultrasonic transdu

ssure

shall
h the

r the
utive
utive
cers,

m consecutive rotational ultrasonic scan lines in the case of sector scanners or phased-

sganners.

For ultrasonic equipment exhibiting short pulse waves, it is more appropriate to determine the
pulse-pressure-squared integral (see 7.3.2).

NOTE 2 With existing hydrophones, it can be essential to rotate the hydrophone about its axis, which is
perpendicular to the azimuth plane, in order to maximize the received signal in each case.
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7.2.4 Local distortion parameter

2022

The propagation of ultrasound in water at the acoustic pressures and frequencies frequently
encountered in medical ultrasonic fields is not a linear process and the acoustic pulse
waveform is often distorted as a result. In diffractive fields, enhanced differences exist between
the peak-compressional acoustic pressure and the peak-rarefactional acoustic pressure.
To determine the significance of the distortion in the characterization of ultrasonic fields, the
degree of nonlinear propagation can be quantified by calculation of the local distortion
parameter, o, (see 3.38), according to IEC TS 61949.

The following regimes can be defined.

a)

O,
5
b) 0
u
(o]
b

O O T 9

NOTE|

, < 0,5: little nonlinear distortion has occurred. The amplitude at f,,; differs by less
% from the value in the absence of nonlinear effects.

5< 0q < 1,5: considerable distortion has occurred. A broadband hydrophonée shou

btween 5 % and 25 %.

roadband hydrophone should be used as in b) above. The amplitude in a one half o
and centred at f,,,; will differ by more than 25 % from the yalue in the absence of nonl

fects.

In b) and c) above, the acoustic pressure spectra F(p(t))-are likely to contain a significant portion

frequgncy range of several times the acoustic-working frequency)and within waveform deconvolution (see 5

than

d be

sed with a sensitivity that meets the requirements of 5.1.7.1. The amplitude in a ong half
ctave band centred at f,,; will differ from its value in the absence of honlinear effects by

, > 1,5: considerable nonlinear distortion and also attenuation at f,,s has occurred. A

ctave
inear

in the
1.7.2)

broadband calibration data of the hydrophone are needed.

7.3 | Intensity parameters derived from acoustic pressure

7.3.1 General

As hydrophones measure acoustic\pressure, it is appropriate that the specificatign of

quan

the pprameters given in 7.2 and in Clause 3 shall be the preferred parameters for specific

Unddr conditions when it is\reasonable to assume plane progressive wave propagation
poss|ble to convert thetmeasured instantaneous acoustic pressure parameters to
intengity. If this is done, then it shall be clearly stated that the plane progressive

appr

ximation has béen used.

In thjs case the-instantaneous intensity is approximated by the derived instantan
intenjsity, /(¢),.given by

I() = p(1)2 | pc

ities based on hydrophone measurements be given in terms of acoustic pressure. Hence

tion.
it is

true
wave

POUS

(18)

where

p is the density of water;

¢ is the velocity of sound in water (see Annex B).
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The following intensity parameters may be determined from the pressure parameters:

- spatial-peak temporal-peak intensity Isptp = (psptp)z/pc
- spatial-peak temporal-average intensity Ispta = (pspr)zl pc
- spatial-average pulse-average intensity Isapa

- spatial-average temporal-average intensity /.,

(19)

(20)

- time-window-average intensity T pysti)

The procedures used for the determination of the first two parameters shall be similar to fhose

for the equivalent acoustic pressure parameters. However, in this case the parameter recqg

rded

at each point in the acoustic field shall be the square of the instantaneous acoustic pressure.

NOTE| If the local distortion parameter exceeds 0,5, then the conversions of measured pressure parame
intensfties might not be valid or sufficiently accurate [31].

7.3.2 Intensity parameters using pulse-pressure-squared(integral
7.3.211 Pulse duration

The pulse duration is equal to 1,25 times the 10 % t0.90, % rise time of the time integral ¢
squafe of the instantaneous acoustic pressure. The/points of time, ¢, and ¢,, at whic}

time fintegral is 10 % and 90 % of the pulse-pressure-squared integral, respectively, f
from|[Formula (21) and Formula (22).

t
#J. 2 0u2 (t) dt=0,1ppsi
1=

tb
#J‘ Ou2 (t) dr=0,9 ppsi
1=

wherp
M is the general term of the hydrophone sensitivity;
u(¢) is the measured output voltage of the hydrophone.

ers to

f the
this
bllow

(21)

(22)

The Tulse duration shall then be calculated as

tq = 1,25(ty — t).

7.3.2.2 Spatial-peak pulse-average intensity

Spatial-peak pulse-average intensity shall be calculated with the maximum value o
pulse-pressure-squared integral as measured on the beam axis, using:

1 .
ppa = S PPSI

1
S typc

(23)

f the

(24)
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where

p is the density of water;

¢ is the velocity of sound in water (see Annex B);

2022

pc is the characteristic acoustic impedance of pure water (= 1,48 x 106 kg m™2 s~1 at 20 °C);

tq is the pulse duration.

7.3.2.3 Spatial-peak temporal-average intensity

For the non-scanning mode the spatial-peak temp

the maximum value of the pulse-pressure-squared integral value in a single heam using:

wherg

prr

prr )
Iy, = 27T
spta e mfx[ppsz(z)]

is the maximum pulse repetition rate of the non-scanning mode.

For 4 scanning mode (e.g. automatic B-mode) the Ispta valuesshall be measured includin

contn

intedral(s) are processed, indicated by the sum of pulse-pressure-squared integral(s):

Sppsi = ...+ Npps c-2 PPSE_, + Mpps,c-APPST 4+ Npps o PPST + Mpps 41 PPST o4 T Mpps c+2 PPSTgao---

oral-average intensity is calculated with

(25)

g the

ibution of overlapping ultrasonic scan lines. It means that'more pulse-pressure-squared

(26)

wherp

ppsik is the pulse-pressure-squared integral belonging to the central
scan line;

ppSikyq, ppSic—q, €tc., are thepulse-pressure-squared integrals of diminishing valugs of

the successive adjacent ultrasonic scan lines;

Nppd,c+1: Mpps,c-1, ©tC.,  represent the number of repeating pulses per ultrasonic scan |

From the scan repetition rate and the number of ultrasonic scan lines, the ultrasonic

line
the

eparation,atithe depth where the maximum 7, will be found is calculated. Alternat
Itrasonicyscan line separation may be found by scanning the hydrophone in the

direction andimeasuring the distances between the maxima found in the scan.

Using this ultrasonic scan line separation. the contribution of adjacent ultrasonic scan
can be calculated from the results of a lateral line scan in the scan plane. In the summation of
the ppsi values, all contributing ultrasonic scan lines are to be included over a period of time
sufficiently long to include all significant acoustic information.

The

ine.

scan
vely,

scan

ines

spatial-peak temporal-average intensity for the scanning mode then results in

Ispta = Sﬂmax[Sppsi(z)]
pc z

where

srr

is the maximum scan repetition rate of the scanning mode.

(27)
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7.3.2

4 Derived ultrasonic power

If the determination of total ultrasonic power P of a single, stationary, beam is done by means
of planar scanning, then it shall be performed with a calibrated hydrophone in accordance with
IEC 62127-2, based on Formula (28):

P= ”Ita (x,y)dxdy

(28)

wher

[ta(x,_

a)
-

x and y.

The g¢nergy E of the beam is calculated as the summation of all contributions ofthe ppsi(x

all pg

wher!
dS is

p
th

ints in a scanned area:

ds
E= & i(x: v
pC;ppSl(x”yl)

a)
-

the step area, i.e. the product of distance dx and’dy between two successive meas
bints (samples) in the scanned area, assuming:that dx and dy are both constant throug
e scan and that the scan has a rectangulargeometry.

The fotal ultrasonic power then follows from

P=FE prr

The fotal ultrasonic power may also be calculated from

ds
P = ;;P%MS (xi,7)

) is the temporal average intensity at the point defined by the orthogonal coordinates

) at

(29)

uring
jhout

(30)

(31)

lated

In thelz scéanning mode, the total ultrasonic power for each mode of operation may be calcu
from
P= EsrrmnppS
where
E is the energy of the beam, as used before;
m is the number of ultrasonic scan lines per image for spatial distribution;
Npps is the number of pulses per ultrasonic scan line.

(32)

The total ultrasonic power during the scanning mode will be the sum of all ultrasonic powers

durin

g the acting operation modes.
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NOTE 1 The method is specifically useful in circumstances where a sensitive enough radiation force balance is not
available or where the physical dimensions or acoustic-working frequency of the ultrasound transducer do not
allow using a radiation force balance. Usually, the measurement of total ultrasound power is more accurate to be
measured by means of the radiation force method (see IEC 61161).

NOTE 2 Formula (30) applies to scanning modes or non-scanning modes only if £ is the same for each pulse.

NOTE 3 Formula (32) assumes the same number of pulses per ultrasonic scan line Mops for the specific scanning
mode.

NOTE 4 Formula (32) assumes that the acoustic power of each pulse in each of the m ultrasonic scan lines is the
same. This is not true if different scan lines use different pulse types or aperture sizes.

8 equirements for specific ultrasonic fields

8.1 General

The fequirements listed in Clause 8 are either an addition to or supersede the(applicable jones
specified in Clause 5. See also Annex H. For the determination of absolute values of acqustic
presgure or derived intensity (see 3.14), the hydrophone shall be calibrated in accordancg with
IEC 62127-2.

8.2 | Diagnostic fields
8.2.1 Simplified procedures and guidelines

The measurement of the pulse-pressure-squared intégral is required for many aspedgts of
ultragonic field characterization.

In cases where the acoustic pulse waveform¢does not change shape within any particular
meagurement plane perpendicular to the beam-axis, the peak acoustic pressure may befused
instepd of the pulse-pressure-squared integral.

NOTE|1 Frequently, this situation is encountér€d in continuous wave ultrasonic fields such as continuous| wave
Doppler and physiotherapy transducers.

If all|the acoustic scan lines aré_assumed to be of equal magnitude and beam shap¢, the
overlapping scan line contribution may be determined knowing the beam shape and the
sepafation between scan lines in the measurement plane.

All afoustic scan lings)should be sampled in order to locate the one with the largest peak
acoustic pressure!

NOTE|2 In practice; the variation between the acoustic output of different scan lines will depend on the type of
scanngr. For sector scanners using rotating single-element transducers with a constant acoustic coupling path, the
differgnce would be expected to be small. In this case, sampling the central scan line and the two extremg scan
lines gt the'edge of the sector would be undertaken and an assessment made on whether it is necessary to detgrmine
the output of other scan lines. If the difference between the peak acoustic pressures is less than 10 %, it is uplikely

that otherscan-tires-need-to-be-measured-otherlines

8.2.2 Pulsed wave diagnostic equipment
8.2.2.1 Diagnostic fields in general

A hydrophone with an active element of diameter of approximately 0,5 mm or less shall be
used. However, in addition the recommendations of 5.1.6.1 and 5.1.6.2 should be followed.

The repeatability of the positioning systems shall be +0,01 mm for three orthogonal adjustments
for the hydrophone (or transducer if the latter is the item that is scanned).
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For waveforms that are distorted by nonlinear propagation effects, i.e. those with a local
distortion parameter q (see 3.38) greater than 0,5, either a hydrophone with adequate

bandwidth (see 5.1.7) shall be chosen, or voltage-to-pressure conversion shall be performed
using deconvolution of the frequency response of the hydrophone (see 5.1.7.2 and Annex D).

Ceramic needle type hydrophones are not recommended (see Clause B.9).

NOTE 1 In practice, the accuracy and repeatability of positioning systems is most important in the direction
perpendicular to the propagation direction and, in most cases, +0,05 mm is often adequate. In the propagation
direction, an accuracy of +0,1 mm is often adequate for most measurement situations. The highest accuracy would
be required for highly focused fields (wide aperture) and at high frequencies (see 5.2.2.3).

NOTE|2 In case of distorted waveforms, additional demands are placed on the angular alignment because |of the
dependence of the directional response on frequency. Under these conditions, it is important to optimize«the rqtation
of the|hydrophone to ensure the maximum received signal (see 5.2.2).

NOTE|3 At typical focal distances, the square law relationship between acoustic pressure and.intensity is ysually
assumled in order to derive intensity parameters. This assumption is made despite the uncertainty associated with
the nonlinear distortion that can take place.

8.2.2.2 Diagnostic fields in the absence of scan-frame synchronjzation

The [ultrasound fields generated by clinical imaging scanners chave become increagingly
complex as technology has advanced. The parameters defined  in Clause 3 to describg¢ the
spatipl and temporal variation of pressure and intensity in the ultrasound field work wgll for
unscanned fields such as those used for pulsed Doppler of.M-mode. However, it is becdming
increpsingly difficult to use all of these definitions for‘the complicated pulse sequgnces
genefated in scanned modes such as colour-flow imaging. In some cases, it might not be
poss|ble to determine an acoustic repetition period)for these sequences.

A madified set of acoustic parameters that might be more appropriate to modern imaging
equipment is outlined in Annex F.

8.2.3 Continuous wave diagnostic @quipment

A hydrophone with an active elemeént of diameter approximately 0,5 mm or less shall be Wised.
Howegver, in addition the recommeéndations of 5.1.6.1 and 5.1.6.2 should be followed.

The rlepeatability of the positioning systems shall be 0,01 mm for three orthogonal adjustments
for tHe hydrophone (or.iransducer if the latter is the item that is scanned).

For waveforms that are not distorted by nonlinear propagation effects, i.e. those where the Jocal
distgrtion parameter q (see 3.38) is smaller than 0,5, it is not necessary to use a broadband

hydrpphone/(see 5.1.7).

In ulfrasonic fields where the peak acoustic pressure occurs close to the face, eg. at
distapces less than the minimum output beam dimension, the approximation for ultrasonic
intensity (see 7.3) may be made, provided that an appropriate uncertainty is taken into
account.

PVDF or ceramic needle devices (see Clause B.9) are satisfactory for measurements on
continuous wave Doppler transducers. Membrane hydrophones may be used providing care is
taken to ensure the reflection from the membrane does not interfere with the output from the
ultrasonic transducer (see 5.2.2.2).
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8.2.4 Diagnostic equipment with low acoustic output

For hydrophone measurements on diagnostic systems that fulfil the criteria of
IEC 60601-2-37:2007, 201.12.4.2 a) and b) to be exempt from the requirement to display
thermal and mechanical indices, the narrowband approximation can be applied even if the
criteria of 5.1.7.1 cannot be fulfilled. When using this simplification, the additional measurement
uncertainty reflecting the limitations of a narrowband measurement of a broadband signal shall
be considered, in particular, when comparing output data against thresholds.

8.3 Therapy fields

8.3.1—Physiotherapy-eqtipment

Methpds and requirements listed in IEC 61689 or IEC 63009 shall be followed depending on
the acoustic-working frequency of the equipment.

For waveforms that are not distorted by nonlinear propagation effects, i.e. those where the Jocal
distqrtion parameter q (see 3.38) is smaller than 0,5, it is not necessary'to‘use a broadpand

hydrpphone.

If an| absolute value of acoustic pressure or derived intensity'\(sée 3.14) is needed| the
hydrpphone shall be calibrated in accordance with |EC 62127-2 at the f,,| For

acoustic-working frequencies f,,,s below 0,5 MHz, calibratien shall be in accordance| with
IEC ¢0565-1.

For flelds generated by ultrasound physiotherapy dévices a linear response, as referred|to in
5.1.8 up to 1 MPa is generally adequate.

Meagurements of effective radiating area (see for definition: IEC 61689) shall use a ng¢edle
hydrpphone, with the active element made from either polyvinylidene fluoride (PVDF) or
piezqceramic. Care should be taken tocensure reflections from the needle and its suppdrt do

not interfere with the measurements.

Cavifation effects can cause damage to hydrophones at the pressures that can be produced
by physiotherapy transducers. It is, therefore, essential to use degassed wate[ for
meagurements with peak acoustic pressure above 0,3 MPa.

The maximum effective hydrophone size used for the measurements shall be a,,,, so that:

ax < A12,5 (33)

NOTE-t—immostTases, M physiotherapy, the above Criterion Tepresents an effective hydroptone sitze farger than
that recommended in 5.1.6. It has been derived from an analysis of its effect on the effective radiating area, rather
than on peak pressures, and the former is less sensitive to the effects of spatial averaging.

NOTE 2 Hydrophones are also used to measure the beam non-uniformity ratio and the above criterion is also
acceptable for those measurements [32], [33].

NOTE 3 For some treatment heads, ultrasound reflected back to the treatment head can affect output power,
particularly in the case of coherent reflections from absorbers with planar smooth surfaces. In these instances, an
improved approximation to free field conditions can be obtained by using acoustic absorbers with textured surfaces.
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8.3.2 High intensity therapeutic ultrasonic fields

To support acoustic output characterization in accordance with IEC 60601-2-62, specific
requirements on the measurement of fields generated by high intensity focused ultrasound
(HIFU) and high intensity therapeutic ultrasound (HITU) are specified in IEC TS 62556 with
respect to measurement at relatively low output levels and methodology for extrapolating these
to higher therapeutic level fields.

For measurements at focus at clinical driving levels, the upper frequency range limit of 8 1, in

the narrow-band approximation requirement according to Formulas (14) and (15) (see 5.1.7.1)
shall be replaced by min [20 1+, 100 MHZz], and the -3 dB cut-off frequency of the low-pass

filtering within deconvolution regularization (see 5.1.7.2.3) shall be at minimum the lesser [of 20
timeg the acoustic-working frequency £, or 100 MHz. Extrapolation ranges for hydrophone

calibration data M, (f) shall be limited to below half of the acoustic-working frequency towards

zero [and above the lesser of 20 times the acoustic-working frequency or 100 MHz towards
the Nyquist frequency, e.g. for 0 < f'< f,,,#/2 and for min [20 f s, 100 MHz] < <Ny quist-

NOTE[1 More restrictive bandwidth criteria than in general are needed here for adequate waveform reprodfuction
due to the large number of harmonics.

NOTE| 2 Hydrophone calibration data are expected to be available up to*100 MHz and acoustic-wgrking
frequéncies are usually below 5 MHz for high intensity ultrasonic fields.

A lingar amplitude response as specified in 5.1.8 to extend*up to 5 MPa may not be sufficient
in many measurement situations for HIFU or HITU. }f, pressure signals exceed the ljnear
amplltude range of the hydrophone as defined in IEG62127-3, corrections shall be employed
to compensate for the amplitude distortion within the/10 % criterion of IEC 62127-3 caus¢d by
the npnlinearity in the pressure response of the hydrophone. The correction shall be taken into
accolnt in determining acoustic quantities and associated uncertainties. If no such corregtions
can [be implemented, or if the pressure fahge exceeds the damage threshold of the
hydrpphone, the hydrophone shall not be used.

NOTE| 3 Extended linearity is needed here-due to the large peak compressional acoustic pressures ip high
intensjty ultrasonic fields.

NOTE[4 The maximum pressure at the.surface of a hydrophone can be significantly higher than the megsured

free-fipld pressure due to the acoustic reflection of the incident wave. This needs to be taken into account|within
guideljnes for hydrophone usage and for corrections for non-linear effects.

8.3.3 Non-focused-and weakly focused pressure pulses

Specjfic comments ‘'on the measurement of fields generated by non-focusing pressure pulse
sourg¢es for pain treatment and other applications are specified in IEC 63045.

NOTE| Suchepressure pulse fields are usually described using pressure parameters rather than derived infensity
paramleters.

8.4 LSurgicalfields

8.4.1 Lithotripters and pressure pulse sources for other therapeutic purposes

Specific requirements for the measurement of fields generated by pressure pulse lithotripters
are specified in IEC 61846.

For fields generated by lithotripters, the linear response, as referred to in 5.1.8, should be
known at least up to 80 MPa and in cases where measurements indicate higher peak
compressional pressure values up to 150 MPa. Any nonlinearity in the pressure response of
the hydrophone shall be taken into account in determining acoustic quantities and associated
uncertainties.

NOTE 1 Pressure pulses are not only used for lithotripsy, but also for the treatment of pain, for example shoulder
calcification pain, tennis elbow, heel spur pain, etc. as well as for other medical applications (cardiac shockwave
application).
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NOTE 2 Such pressure pulse fields are usually described using pressure parameters rather than derived intensity
parameters.

8.4.2 Low frequency surgical applications

For the characterization of low frequency surgical systems using a hydrophone, the
hydrophone shall be calibrated in accordance with IEC 60565-1.

Requirements as listed in Clause 5, Clause 6 and Clause 7 do not apply to this type of
equipment.

S e fic rociiramante faor tho maoaciiramant Af fiolde aaonaratad hy low froniigneoy our |Ca|
pecific—regquirements—for—the—measurement—offields—gonerated—bylow—frequency—suig

systgms are specified in [IEC 61847.

8.5 | Fields from other medical applications

Presgntly there are no specific requirements for this type of equipment.

9 Conformity statement

9.1 General

The pcoustical parameters shall be chosen from those defined in this document. To enqsure
tracefability, the settings should be recorded of any conirals' on the equipment console which
might affect the field generated.

For ¢onformity with this document, the following.shall be stated for any parameter that is
repofted:

a) the arithmetic mean determined from measurements on a group of » nominally identical
systems, each with the acoustic output'settings yielding the maximum output, where n = 3;
apd

b) the overall uncertainty of the value determined under a).

his overall uncertainty shall be calculated using an appropriate measure (with P5 %
bnfidence, for 95 % ofthe population) of the statistical variation and the measurement
hcertainty (at a level of tonfidence of 95 %).

T
c

u

The tolerance intepvalis to be understood in accordance with ISO 16269-6. More guidance
oh assessment of uncertainties is given in Annex I.
M
a
o}
u
u

easurement.\uncertainty involves many components (see Annex ). It shall bg an
ssessmeniof the contributions of all uncertainties (these referring to measurements ade
N one.'system). The measurement uncertainty shall be calculated as expanded
hcertainty corresponding to a level of confidence of 95 %. The method of combining the
neertainty contributions specified by ISO/IEC Guide 98-3:2008 shall be followed.

NOTE "tolerance interval" refers to the production scatter and "uncertainty" refers to the measurement method.
9.2 Maximum probable values

A requirement of the type "shall conform to" means that the measurement uncertainty and
tolerance interval shall be included when comparing against a limit. The maximum probable
values shall be determined in accordance with the following procedure:

a) measurements shall be carried out on a group of » nominally identical systems, each with
the acoustic output settings yielding the maximum output, where n = 3;

b) the maximum probable value shall be calculated by linear summation of the upper tolerance
limit of the one-sided tolerance interval (with 95 % confidence, for 95 % of the population)
and the measurement uncertainty (at a level of confidence of 95 %).
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The tolerance interval is to be understood in accordance with ISO 16269-6. More guidance on
assessment of uncertainties is given in Annex I.

NOTE 1 "tolerance interval" refers to the production scatter and "uncertainty" to the measurement method.

It may not be possible to comply with all the requirements of this document. If measurements
are made for the purposes of acoustic output specification and labelling which do not comply
with a particular requirement then the lack of conformity shall be clearly stated when reporting
results. A statement of non-conformity shall include the relevant clause or subclause and shall
give the reason for non-conformity.

NOTE| = =

)

a) IHC 62127-1 was complied with, except for 5.1.7; the sensitivity of the hydrophone at 20 MHz was 60"% [below
thle sensitivity at 5 MHz.

b)

c)

HC 62127-1 was complied with, except for 5.1.9; the change in amplifier gain from 5 MHz to 20‘MHz was 15 dB.

HC 62127-1 was complied with, except for 5.1.6; the effective hydrophone size was 0,5.mm.

9.3 | Sampling

For good manufacturing practice, measurements should be taken on\a“certain percentage of
produdiction but, exceptionally, could be taken on each manufactured, unit.

For the purpose of determining the product variation of the reported parameters when full r¢peat
meagurements of all parameters are impractical, this variation may be estimated from pgartial
repeat measurements (by repeating the measurement of a ‘subset of the parameters).

Stand@lard statistics on probability and confidence as given in ISO 16269-6 shall apply.
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Annex A
(informative)

General rationale

This Annex A provides a concise rationale for the important requirements of this document and
is intended to provide background information for those who are familiar with the subject of this
document but who have not participated in its development. An understanding of the reasons
for the main requirements is considered to be essential for the proper application of this
document. Furthermore, as medical ultrasonic equipment continues to develop, it is believed

that gratiomateforthepresentrequirements—wittfacititate the—appticatiomrof thisdocummant to

new gquipment and facilitate any future revision of to this document.
The pumbering in this Annex A refers directly to this document.

Clause 3: Many of the acoustic parameters are defined such that either a single value may be
giver| or, alternatively, a value may be given that corresponds to measunements in a spegified
plang. This option permits greater flexibility in the application of this document. For instange, in
the case of transducers used for physiotherapy, or divergent beamrtransducers such as jused
for fgetal monitoring, it may not be appropriate to determine acoustic parameters in the plane
contgining the maximum spatial-peak temporal-peak acoustic pressure. The form of
definjtions used in this document permits a choice of measurenyent plane based on criteria pther
than those given in this document.

Terms 3.25 and 3.27: Both the sensitivity of a hydrophone when connected to an elegtrical
load,[such as an oscilloscope, and the sensitivity into an infinite impedance load (open cifcuit)
are defined as they are both relevant to the practical application of hydrophones.

Term 3.38: At the high acoustic pressures generated by medical ultrasonic diagnostic
equigment (peak-compressional acoustic pressures in the range of 0,1 MPa to 10 NPa),
therg can be severe distortion of the acoustic pulse waveform, especially in the focal region.

An important aspect of this document is that it addresses these nonlinear effects that are
assogiated with the propagation of-ultrasound in water. This distortion is caused by thg fact
that, [during an acoustic cycle/the compressional part of the wave travels faster thap the

rarefaction part giving rise t0 a progressive distortion of the waveform. In general, the degree
of digtortion present at any'point in an acoustic field increases with the increase in a numier of
factofs. These are thewdistance from the transducer, the acoustic frequency, the
acmlstic pressure at\the face of the ultrasonic transducer, the nonlinearity parameter far the
prop

and scattering ,of-ultrasound in various types of tissue will lead to a reduction in the

will rlot be_significant. For instance, imaging through the eye, bladder and amniotic flui
specific,éxamples where much of the path is through liquid. To cope with this nonlinearit
document includes, in the list of parameters that may be used for specification purposes|(see
7.2.1%; i ity—H- i i s an
index predicting the importance of nonlinear distortion at the focus, see IEC TS 61949. From
this parameter, the bandwidth of the hydrophone/amplifier and the need for corrections to
measured peak pressures may be determined.

Terms 3.50 and 3.51: Again, both the peak acoustic pressures are defined as often there is a
difference of up to a factor of three between them. As the peak-rarefactional acoustic
pressure is most likely to be relevant to acoustic cavitation (the decompression part of the
cycle), it is important to distinguish between them.

Term 3.87: The definition is intended to distinguish between the ultrasonic scan lines that
intersect the chosen plane at gradually changing positions during the acoustic scan, and those
that essentially do not. For instance, those in the latter category would be multiple excitations
of the same ultrasonic transducer or ultrasonic transducer element group for focusing at
different depths or for interlaced Doppler lines in duplex scanners.
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Subclause 5.1.7: Broad hydrophone bandwidths are important for characterizing the temporal
characteristics of medical ultrasound fields when short pulses are used or when significant
nonlinear distortion is present. One consequence of nonlinear distortion is that an increased
high-frequency response is necessary due to the higher harmonics generated [9]. In [9] it was
found that a +3 dB bandwidth of at least eight times the acoustic-working frequency, f,+,

was reasonable for keeping measurement errors below about 5 %. A lower limit of the frequency
band used in the determination of the hydrophone bandwidth well below £, is desirable also,

particularly for accurate measurement of the peak-rarefactional acoustic pressure, p. [10].

One reason for increased low-frequency hydrophone response is that the shorter the pulse,
the broader is the spectrum below as well as above the centre frequency. Additionally, for p,,

the inear
d by
low-frequency components. In [10], which contains both simulations and measurements qf the
effects of band-limited response on short pulses, based on the hydrophone assembly having
than
5% fo 10 %, the hydrophone assembly lower limit of the frequency band used in the
deteqmination of the hydrophone bandwidth should extend to at least anorder of magnijitude
beloW fys- Thus, in this document it is recommended that, if possible, the'lower and upper [imits

for tHe combined frequency response of all components used to condition, amplify, or record
the pulsed waveforms be set at f,,+/16 and 8 1. For practical reasons, the lower and dpper
limitg of the frequency band used in the determination of the hydrophone bandwidth are f,,, /2
and 8 f,s For the frequency ranges below f,,:/2 and above the lesser of 4 f,,,s and 100 MHz,
howdgver, the hydrophone calibration data may be extrapolated if they are not available[from
calibfation measurements (see Annex D). If narrowfband requirements are not fulfilled,
broadband measurements using waveform deconvelution are performed in accordance| with
5.1.7).2 and similar bandwidth criteria have been adopted for this method.

NOTE| 1 An absolute upper limit of 40 MHz was spégified in IEC 62127-1:2007 due to the limitation pf the
accon]panying hydrophone calibration standard IEC\62127-2:2007. However, since then calibration methodg have
been ¢xtended [11], [18], [34], [35], [36], [37], [38] and this limitation has been dispensed with.

NOTE| 2 The upper extrapolation frequency_{imit of 4 f . or 100 MHz rather than 8/, . is allowed to aghieve
practi¢ability in particular for f_ . > 12 MHz and for f_ . > 25 MHz, respectively.

awf awf

NOTE|3 More restrictive bandwidth ¢riteria are required in 8.3.2 for high intensity therapeutic ultrasonic fielfs.

Clause 7: A large number-of acoustical parameters are defined in Clause 3 and given here.
Thesg provide the basis\for the specification of a wide range of ultrasonic fields, althpugh
emphasis has been(given to medical ultrasonic equipment. However, for any particular
equigment, it is expected that only a small group of these acoustical parameters will be ch¢sen,
for instance, for the purpose of acoustic output labelling.

Clause 9: ltisnot the purpose of this document to specify the acoustical parameters for acqustic
outpyt labelling. Clause 9, however, provides the necessary guidelines for the declaratipn of

document.

A general discussion on the accuracy of the measurement of acoustic quantities is given in
Annex |.
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Annex B
(informative)

Hydrophones and positioning

B.1 General

There are four basic types of hydrophone currently in use. Two hydrophone constructions
employ an active element made from either a piezoelectric ceramic or polymer (usually
polywiryd ide—PV-BF—whieh— dppotrted—atthe—endofareedte-tike Hets The
third type is the membrane hydrophone, which uses a large sheet of PVDF, the centralr¢gion

partig piston
ultra 5 the
acou df the

propagation distances normally encountered. Likewisey for measurements on pulsed fields,
refle¢tions from membrane hydrophones are less impotrtant than for continuous wave fie|ds.

B.2 | Electrical loading considerations

The ¢nd-of-cable loaded sensitivity of a-hydrophone, (see 5.1.3), should be determined|from
its end-of-cable open-circuit sensitivity using the method described in IEC 62127-2. Also, in
IEC 62127-2 the effects of changing-the loading conditions are described.

B.3 | Hydrophone signal amplifier

The purpose of a hydrophone signal amplifier is to provide a buffer between the hydrophone
and the measurement/system. Such a buffer overcomes cable resonance effects at|high
frequencies and provides extra gain and a constant electrical load for the hydrophone. An
ampl|fier may be“incorporated in the hydrophone as an integral amplifier, in which casg it is
not plossible toyseparate the two devices. Alternatively, it may be a separate device into which
the hlydrophone is plugged either directly or using the connector at the end of the hydrophone
cablg. Disadvantages of any hydrophone amplifiers are that they tend to limit dynamic fange
and will.need a power supply, thereby adding complexity. An additional disadvantage pf an
integral amplifier can be the need for exira power supply wires at the hydrophone. See also
[23].

B.4 Hydrophone cable length and amplifiers

When a hydrophone is connected to a voltage measuring device such as an oscilloscope, or
to an amplifier, it is important to consider the electrical characteristics of the resulting
measurement systems.
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It is not usually possible for the electrical output impedance of a hydrophone, excluding any
integral cable, to be matched to the impedance of the cable. This is because the output
impedance of a hydrophone usually exceeds that of the cable. Consequently, it is not practical
to use an electrical load at the end of the cable that matches the cable impedance if a significant
loss of signal amplitude and waveform quality is to be avoided. Hence, without an electrically
matched cable and load, reflections of the signal will occur at the end of the cable, causing
"ringing". These cable resonances will be maximum when the cable length equals one quarter
of the wavelength of the electrical propagation in the cable. Typically, for normal coaxial cables,
the resonance occurs at cable lengths (in metres) given by 50/{f} where {f} denotes the
numerical value of the frequency in MHz. Thus, at 50 MHz, a cable length of 1 m will cause
resonances. The significance of resonances will depend on the mlsmatch of the electrical
impeganee drophone d be
depehdent on the frequency content of the hydrophone S|gnal which depends on the
bandwidth of the hydrophone (excluding any integral cable). Providing thenthickness

Hende, if cable resonances occur at frequencies within the range of lower and upper limit ¢f the
frequency band used in the determination of the bandwidth of the hydrophone, the ¢cable
length should be minimized, and an amplifier placed close to the hydrophone. To overcome
cablg resonances at the output of the amplifier, such an amplifier should have an output
impefdance matched to any connecting cable, the cable being terminated by a load equal tp the
chargcteristic impedance of the cable. Choice of the gain and bandwidth of the amplifjer is
impoftant in order to avoid exceeding its dynamic range. For'a hydrophone with a sensftivity
of 0,03 yV/Pa (typical 0,5 mm PVDF device) applied to measurements of diagnostic ultragonic
equigment where peak acoustic pressures can be as‘high as 10 MPa, an amplifier of |unity
gain with a dynamic range of 0,6 V peak-to-peak will be’'needed. See also [23].

Another important aspect in choosing an amplifier is to match the frequency response qf the
ampl|fier to that of the hydrophone. In pactictlar, to avoid resonance problems, the 43 dB
bandwidth of the amplifier should not exceed the frequency corresponding to the thickness
reso%ance mode of the hydrophone. |t is“also important to ensure that, beyond the frequency

corrgsponding to the thickness resonance mode of the hydrophone, the frequency response

of th¢ amplifier decreases at a rate ©f typically -6 dB per octave.

B.5 | Transducer positioning

The following degrees-ef-freedom should be provided for the ultrasonic transducer:

Rotational adjustment about three orthogonal axes, one of which should be approximately
parallel to the beam axis.

Althgugh(continuously variable translational degrees of freedom are not essential, it may be
necepsary to provide some movement in order to position the ultrasonic transducer at different

h 4l 4 L
p|aC S thetatK:

The ultrasonic transducer is set up in the coordinate positioning system such that the axis of
symmetry of its active element is parallel to the z axis of the hydrophone positioning system.
Here, the axis of symmetry for ultrasonic transducers with cylindrical active elements should
be the axis of the cylinder. For ultrasonic transducers with spherical active elements, the axis
of symmetry should be the axis that passes through the geometrical centre of the sphere and
approximately bisects the usable external surface of the ultrasonic transducer.

The ultrasonic transducer should be mounted in such a way that rotation about the axis of
symmetry through 360° is provided.
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NOTE For spherical ultrasonic transducers consisting of a segment of a sphere, the axis of symmetry would be
the axis passing through the geometrical centre of the sphere and through the centre of the circle defining the
segment. For some spherical ultrasonic transducers consisting of a full (or nearly full) sphere supported by a thin
structure such as a tube or rod, the axis of symmetry would be the axis passing through the centre of the sphere and
also through the centre of the supported area.

B.6 Alignment of hydrophones

This Clause B.6 provides useful procedures for the alignment of hydrophones at the point of
spatial-peak temporal-peak acoustic pressure in a plane perpendicular to the beam-
alignment axis.

In th¢ case of membrane hydrophones, it is possible to test for correct alignment by-rafating
the Hydrophone through 180° about an axis passing through the plane of the active\element
and noting the change in the received signal when monitoring a pulsed acoustic field~A chlange
in the time delay between excitation and reception indicates a misalignment_in the dirgction
normfal to the active element, and a change in the amplitude indicates a misalignment ip the
plane of the active element. In the case of continuous wave excited ultrasonic transducgers,
the same procedure can be used with respect to amplitude, and, if the hydrophone has alijeady
been|aligned to within one quarter of an acoustic wavelength in water;, fine adjustments can be
madeg by noting the phase change on rotation.

In th¢ case of needle hydrophones, it is possible to test for €orrect alignment by rotating the
hydrpphone through an angle less than 180° about an axis passing through the plane gf the
active element.

For Roth types of hydrophones, optical techniques«sing either a travelling microscope] or a
smal| diameter laser beam can be used. Again, the\procedure would be to observe the posgition
of the active element and its change when the hydrophone is rotated using the micropositioning
systgm.

NOTE| To avoid effects on the measurements.made on continuous wave fields due to reflection of ultrasoundl from
the surface of membrane hydrophones, the hydrophone can be tilted. Tilting ensures that the reflected ultrasound
either|does not interfere significantly with the transducer or is not subsequently reflected from the transducef face,
produg¢ing interference effects. Two methodscan be used to determine the rotation required and a correction applied
to megsurements for the reduction of the signal due to the directional response of the hydrophone.

The fifst method is to observe the_signal from the hydrophone and to determine when the interference gffects
decregse to a negligible level’ when the hydrophone is rotated. To observe the interference effectf, the
hydrojphone/transducer separation is altered by about £0,5 mm, which will cause oscillations of the measured|signal
if such effects are present( The amplitude of oscillation will decrease as the angle of rotation of the hydrophpne is
increased. Usually, the angleé found using this method is less than that determined using the second method,|which
is to determine the angle.at which most of the ultrasound reflected from the membrane will miss the transducef. This
angle [is determined, from tan (a/2/) where a is the geometrical radius of the transducer active element and I|is the

B.7 Water bath lining material

Conformity with 5.2.3.2 for overall echo reduction of an acoustic absorber can be checked using
the procedures described in IEC TS 63081. Echo reduction should be measured at the
acoustic-working frequency using tone-burst ultrasound.

B.8 Recommendations for ultrasonic equipment being characterized

To trigger the measurement system, an electrical signal should be provided synchronized to
the excitation of the ultrasonic transducer or each ultrasonic transducer element group.
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For automatic scanning systems, an additional trigger signal should be provided synchronized
to each acoustic repetition period. These trigger signals should be used to permit the
observation of the received signal at the hydrophone from any chosen ultrasonic scan line.

Alternatively, if the scanning in automatic scanning systems can be "frozen", a trigger signal for
the chosen ultrasonic scan line should be provided. However, in this case, tests shall be
undertaken to ensure that there is no significant variation between a "frozen" beam and a
scanning beam. This exercise is not trivial and depends on the type of scanning system. Also,
true determination of temporal average parameters is not possible for a "frozen" beam.

NOTE For the separation of interlaced Doppler and scan lines in certain types of duplex automatic scanning
systerfis, 1t is useful to display the trigger signals on a separate oscilloscope thal has a delayed time bade and
delaygd time base output facility. This output can be used to trigger the measurement system.

B.9 | Types of hydrophones

B.9.1 Ceramic needle hydrophones

Ceramic needle hydrophones usually consist of a small circular disc of piezoelectric cefamic
mounted on the end of a needle or pencil-like support. The active element of the hydrophone
is backed by an acoustically absorbing material and has a size €lose to the diameter df the
suppprt, often in the range of 0,5 mm to 1,5 mm diameter. The(signal cable inevitably pgsses
through the ultrasonic field, which can cause problems from thé triboelectric effect.

The Tnd-of-cable open-circuit sensitivity of these deviges is typically 0,7 yV/Pa for a cefamic
needle hydrophone with an active element of 1 mm-diameter. When carefully designed,|they
may [have a relatively flat frequency response to _about 6 MHz. However, in general, fadial
resomance modes and reverberations in the backing material often lead to variations of +10 dB
in the frequency response between 0,5 MHz and*15 MHz. In addition, the directional response
of mg@st ceramic needle hydrophones available'is often unpredictable and can show signiﬂicant
diffelences from theoretical predictions. See [41] and [42]. In some cases, however, direcfional
responses of ceramic needle hydrophiones were found to be consistent with theorgtical
predictions [43].

B.9.2 PVDF needle hydrophones

PVDF needle hydrophones ‘are similar in external physical construction to the ceramic n¢edle
hydrpphones described in B.9.1. However, the active element is the polymer PVDF. Typitally,
the eind-of-cable (1 m)jopen-circuit sensitivity of a PVDF needle hydrophone with a | mm
diampter active element is 0,12 yV/Pa and the resonance frequency is beyond 25 MHz.
Carefully designed-'PVDF needle hydrophones show a smooth frequency characteristic
(£1,5 dB) and_aspredictable directional response. The effective diameter of such hydrophpnes
[44] is oftenwvery close to the physical diameter of the active elements. See [23], [42], [43],[[44],
[45].

B.9.3—PVBFmembranehydrophones

PVDF membrane hydrophones consist of a thin film of PVDF stretched across an annular
frame. Electrodes are evaporated onto the two surfaces and an overlap region defines the active
element after it has been poled. Various designs have been produced offering different degrees
of electrical shielding for the active element. Essentially, the membrane transmits most of the
ultrasound when the diameter of the membrane is sufficiently large to enable the whole of the
ultrasound beam to pass through it. With this design of hydrophone, radial resonance modes
in the megahertz frequency range are eliminated, and hence they exhibit a smooth frequency
response. Typically, for a 1 mm diameter active element, the end-of-cable (0,7 m) open-circuit
sensitivity of membrane hydrophones is about 0,10 yV/Pa and the resonance frequency is at
approximately 40 MHz for a 0,025 mm thick film of PVDF. The directional response at all
frequencies is predictable, including the low megahertz range where membrane waves in the
film give rise to larger side-lobes in the directional response. The effective diameter of such
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hydrophones differs from the physical diameter of the active elements and depends on the
frequency of the received signal. See [24], [17], [42], [34], [46], [47].

B.9.4 Fibre-optic and optic hydrophones

In the fibre-optic hydrophones that have been developed for measurements in medical
ultrasound fields, the fibre is aligned so that the end face is normal to the direction of acoustic
propagation, just as the element in a piezoelectric needle hydrophone would be. In this
configuration the fibre behaves as an extrinsic rather than intrinsic sensor, in that its basic
function is simply to carry coherent light to the tip where the transduction process is initiated.
Three basic designs have been developed to create a reflected light signal that can be related

to the

cylingler. In the two other designs, an improvement in sensitivity comparable to piezoel¢ctric
polymer hydrophones can be achieved by treating the fibre tip, but at the cost)of design

simplicity and replacement ease. In choosing optic hydrophones the followingcpoints gre of
concern.
a) Rlefractive index change type hydrophones, for example fibre tip [39].

b)

In the simplest approach, light from a laser diode is coupled to acmulti-mode fibre with a
bare end face. To a good approximation, the light is reflected.according to the Frégsnel
rtensity reflection coefficient, R = [(n = n,)/(ng *+ n,)]2, where(z,“and n,, are the indices of

gfraction of the fibre core and water, respectively. Pressure'variations in the acoustic fvave
cause a change in density, which in turn alters the refractive‘indices, and thus the reflg¢cted
light intensity. A minimum detectable pressure of 0,5 MPa has been achieved, but this|level
cpuld possibly be reduced by using signal averaging<4n cases of repetitive signals, high light
spurce powers or very sensitive photodetectors. The)fibre tip has a high damage threshold,
bt should it be damaged by cavitation, the fibre<can be recut without affecting sensitivity.
Affter cleaving, the reflected amplitudes in waterand, if possible, in air need to be confirmed
tq be the same as before damage in order.to assure that the sensitivity has not changed.
Ideally a check with a reference source oftknown (sub-damage) output should be performed
[12]. An alternative implementation of the refractive change type hydrophone uses a|thick
glass block instead of the fibre tip.[48], [49]. Such a device can possibly provide a RQetter
Iqw frequency limit in comparison to the diffraction limited fibre-optic version, which is Jikely
tq affect the peak rarefactionalspressure part of the waveforms determined [50].

TWwo-beam interferometer [54];152], [53].

- =

Tp increase measurement sensitivity, the fibre tip can be mirrored and incorporated into the
measuring arm of a two-beam interferometer. The optical phase change caused by the tip
nmovement results~in* a signal proportional to the acoustic displacement or, when a
heterodyne technigue is used, the particle velocity, both of which lead to a calculation ¢f the
pfessure.

Fhbry-Perot/interferometer [54], [55], [56], [57], [58], [59], [60].
Al an alternative to the optical complexity of two-beam interferometry, but still with impnoved
sensitivity compared to the bare fibre design, a Fabry-Perot (FP) interferometer cgn be
fqrimed by attaching an FP cavity to the end of the fibre. When light is sent down the fibre,
optical reffections occur at the nterfaces between the fibre and the cavity, and the cavity
and the load (water). The optical reflection coefficients are determined either by the Fresnel
formula for uncoated cavity surfaces or by the type and thickness of metal coatings on these
faces.

Various sources of distortions have been noted in fibre-optic hydrophones and several
methods to analyse and compensate for these effects have been studied [61], [62], [63],
[64].

In addition to the fibre-optic versions, Fabry-Perot interferometer type hydrophones with
plane substrates have also been constructed. Advantages of such sensor designs are the
possible use as array sensors [65], [66] and the exclusion of acoustic resonance and
diffraction effects of the fibre body from the frequency response [67].
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Relative performance of different types

The choice of a particular type of hydrophone for a specific task will depend on a number of
factors. As there is a large variety of designs of hydrophones of all basic constructional types,
it is not possible to produce simple guidelines for choosing the most appropriate one. However,
the following points are worth noting.

a) A membrane hydrophone will exhibit less variation in its frequency response than a needle

hydrophone.

b) The sensitivity of a hydrophone with a ceramic active element will usually be higher than

one with the same diameter active element made from PVDF.

c) Inp the case of membrane hydrophones, the membrane constitutes a large, plane obstacle

B.10 Typical specification data for hydrophones

Examples of typical properties of certain hydrophone types ate diven in Table B.1.

of finite reflectivity in the ultrasonic field. The reflected part of the ultrasonic wave might
return in a coherent way to the ultrasonic transducer and react on it by acqustic
interference [68]. This is particularly important in continuous wave excitationyof-ultragonic
tlansducers, and this source of error should be kept in mind, althoughVits effe¢t on
measurements can usually be minimized. In all types of needle hydrophone, the eff¢ct of
reflections is present but to a smaller extent.

Table B.1 — Typical specification data for hydrophones; in this case given at 1 MHz|[69]

Electric load

1 mm diameter

HyHrophone En(li-ofd-cgble resistance and Cable End-of-cable End-of-c bl.f
type oaced parallel length capacitance open-circul
sensitivity capacitance C sensitiyity
or
(with a
g . End of cable
specn‘Zle)d load | (specified Ioad) resistance and
L parallel
M () capacitance YR0)
puV/Pa m uV/Pa
PVDF
needle 0,100 ;oMp% 1 130 pF 0,12
1 mmn diameter
PVDF
needle 0,032 ;OMp(I): 1 130 pF 0,034
0,6 mim diameter
i 50 kQ 8,9 Q
miembrang ) 4
0,098 5 pF 0,7 128 pF 0,104
1 mm\diameter
POt 50 kQ 12 kQ
membrane
0,033 5 pF 0,7 97 pF 0,035
0,5 mm diameter
Ceramic
needle 0,56 :],oMp% 1 150 pF 0,67
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Annex C
(informative)

Acoustic pressure and intensity

Traditionally, ultrasonic fields have been characterized by the parameter of intensity and this is
appropriate and directly relevant for many applications.

However, the instantaneous intensity /() may be given by

wher
p(?)
v(1)

Unds
Form

Thes|
acou
inten

To ill

1(z) = p(2) v(1)

b
is the instantaneous acoustic pressure;
is the particle velocity.

r conditions of plane progressive waves, the instantaneous(intensity is given by e
ula (C.2) or Formula (C.3):

1(2) = p(2)?Ipc
I(t) = pc w(t)?
e expressions have only limited validity and cannot generally be applied througho

stic field. However, Formula (C.2)<s almost exclusively used to derive instantan
sity from hydrophone measurements of instantaneous acoustic pressure.

ustrate the significance of(this, it can be shown (see [70]), for example, that the ra

the t

face |of a circular plane piston ultrasonic transducer of diameter 30 mm and in conti
wave operation. At a distance equal to the diameter of the ultrasonic transducer, the ra
abouf 0,94.

It is {or these réasons that this document recommends the specification of acoustic pres
parameters a@nd; as such, these are the measured parameters appropriate to any acoustic

For theldetermination of derived intensity from acoustic pressure, the values of p, ¢ and

distil

C.1)

ither

C.2)

C.3)

Ut an
pous

tio of

ue intensity to the plane wave approximation value is 0,66 at a distance of 5 mm fror!]n the

uous
tio is

bsure
field.

c for

dor de-ionized water _as a function of temperature given in Table C 1_may be usd

d.

Unlike peak pressure parameters, derived intensity data do not depend on phase data of the
pressure spectra due to the quadrature of the pressure data and Parseval’s theorem [36]. Thus,
for the determination of derived intensity from acoustic pressure using waveform deconvolution
(see Annex D), phase response data of the hydrophone is not required, e.g. a constant phase

of ze

ro versus frequency can also be used.
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Table C.1 — Properties of distilled or de-ionized water as a function of temperature [71]

Temperature Density of the water Speed of sound in the Characteristic acoustic
water impedance
T P c pc
°C 108 kg/m? m/s 108 kg/m?/s
16 0,998 9 1469,4 1,467 8
18 0,998 6 1476,0 1,473 9
20 0,998 2 1482,3 1,479 6
22 0,997C 483,93 460 U
24 0,997 3 1494,0 1,490 Q
26 0,996 8 1499,3 1,494\5
28 0,996 2 1504,4 1,498 7
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Annex D
(informative)

Voltage to pressure conversion

D.1 General

The relationship between the pressure experienced by a hydrophone and the voltage it
produces at |ts output is related through the end of- cable loaded sensmwty ofa hydrophone

Listic

pressure p(¢) according to Formula (D.1):

p(8) = u (¢) 1|1 M (Faws)] D.1)

if the| frequency response of the hydrophone meets the criteria in 5.1.7.1 and

p) = F UK | M (] D.2)

othenwise (see 5.1.2).

The nationale behind this approach is that Formula (D.1) is only valid if:

|
—_

He acoustic field generated by thevultrasonic transducer has a very narrow frequency
andwidth, or

|
= T

He end-of-cable loaded sensitivity of the hydrophone across the bandwidth of the
ydrophone does not vary significantly from the end-of-cable loaded sensifivity
easured at the acoustie<working frequency.

3z

In alljother cases, theArequency response of the hydrophone is deconvolved from the end-of-
cablg voltage using,"Formula (D.2). These requirements contribute to the bandwidth
specffications of 5:1.7.2.

The end-of-cable loaded sensitivity, M (), is a complex-valued quantity but it has historjcally

been|supplied as a magnitude-only quantity. However, there are now several national stangards
and pthér Iaboratorles capable of measurlng the phase response of hydrophones in broad
frequenrey—ranges i - se of
this add|t|onal data See [17] [18] [34] [35] [36], [72] [73]

An alternative approach to measuring hydrophone phase response is the computation of phase
response data from modulus response data. A minimum phase system can be assumed for
some hydrophones, which allows an estimation of the frequency-dependent phase response
using, for example, Hilbert-Transform methods or iterative phase signal reconstruction
techniques [73], [74], [75].

A straightforward easy-to-implement method of calculating the discrete phase response data
argM(f,,) in rad from modulus response data for minimum phase systems is provided by the

Bode gain-phase relation formulation [76], which can be written here as Formula (D.3):
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)2 ¥ (|1 (£,)|/|M (£)])

n & fnz—fn% -Af (D.3)

where n and m run from 0 to N/2, n # m, N denotes the number of time signal data points
(resulting in N/2 +1 frequency domain data points in the single-sided spectrum, see
Clause D.3), f, and f,, denote discrete frequencies, and Af'is the constant frequency increment,

€.g. Af=fn+1 _fn'

NOTE| Depending on the sign convention of the Fourier transformation algorithm used, the phase_respponse
calculgted with Formula (D.3) possibly needs to be inverted, e.g. needs to be multiplied with —=1. A wrong sign will
lead t¢ waveforms obscured during deconvolution showing non-physical additional oscillations and thus, can|easily
be spg¢tted in a test application.

The methods of phase calculation from modulus responses may also be helpful when uskd in
combination with measured hydrophone phase data to correct the phase’ calibration dafa for
lineaf-with-frequency terms by this comparison. Furthermore, it may'be used to adequately
extrapolate the measured data below and above the experimentally. @vailable frequency ranges
by agsuming reasonable modulus data for those frequency ranges’first, see D.4.2, and|then
calcllating the suitable phase response extrapolation withsFormula (D.3). An applidation
exanjple for this method is described in [19].

A cdlculation scheme including step-by-step guidancé and examples can be found|in a
decopvolution tutorial available through online publication [77]. The tutorial uses fregware
software tools only and comprises all necessary procedures for deconvolution and assocjated

uncertainty estimation3.

D.2 | Hydrophone deconvolution procedure

The ¢omplete process for deconvolving the full frequency response of a hydrophone according
to Fgrmula (D.2) is shown as a flow“diagram in Figure D.1.

3 This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of this product.
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Acquire time domain
data u ()

Is data narrow-band, or has
hydrophone very flat response?

Yes No
Use Formula (D.1) to Compute Fourier transform of
compute instantaneous measured data, U, (/)
acoustic pressure p(r)

A

Convert to single-sided spectrum for
use with calibration.data, M, (/)

A

Frequency domain parameters ——» Cdlculate P(f) =U, (/M (f)
are calculated from, P (f)

A

Convert P(f) back to double-sided
spectrum again

A

Compute inverse Fourier transform
of P(f) to yield deconvolved p(f)

Time domain (pulse) parameters &—»
are calculated from, p(f)

FC

Figure D.1 — A flow-diagram of the hydrophone deconvolution process

D.3 | Converting the.data between double-sided and single-sided spectra

Hydrophone calibration data is typically provided over a range of positive frequency vdlues,
whergpas conventional fast Fourier transform routines output zero-centred frequency data| with
both |positive~and negative frequency components. Due to the symmetry of the frequency
spectrum, the” conversion to a single-sided frequency spectrum (containing only pogitive
frequencies) for use in the hydrophone deconvolution process should be trivial. In fact, pften
userg are’only presented with a single-sided spectrum and may be unaware of the double-gided
nature of the origimat frequency spectra. Unfortunatety, Severat commerciat Fourier transform
routines do not accomplish this process accurately. A brief description of both the problem and
its remedy follows.

Consider a set of data sampled at frequency f;, and thus having a Nyquist frequency,
INyquist = fs/2. A typical Fast Fourier Transform (FFT) algorithm will return points ordered such
that the first point has frequency fj then 13, f5, ... up to fyyquist- The next point is at =y, quist-1
and then —f\yquist-2: /Nyquist-3- FOr all components other than frequency 0 (i.e. DC), the moduli

of the positive and negative frequency points are equal, and the single-sided spectrum can be
obtained by simply doubling the amplitude of all non-DC components. The complex values of
corresponding positive and negative frequency points of the same modulus are complex
conjugates. A thorough discussion of the computational issues associated with the Fourier
transform is provided by [78].
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The problem seen with some commercial routines that conduct the double-sided to single-sided
conversion is that they simply halve the size of the data array and double the amplitudes of all
but the first component. This is an incorrect method because for a trace of N data points (N
being an even positive number), the DC signal is the first data point, with the positive
frequencies occupying the next N/2 locations in the array. Thus, the data at the (highly
important) Nyquist frequency are at location N/2 + 1. However, the above method of simply
extracting the first half of the data sequence has discarded this point. Failure to include the
Nyquist frequency data point will introduce errors and will prevent the inverse Fourier transform
process from working properly, as well as introducing significant phase errors. Table D.1 shows
the correct method of conducting this conversion.

lable D.T — Mlethod of conversion from a double- to a single-sided spectrum

Double-sided spectrum
Number of points = N

Data array = DS[1..N]

Single-sided spectrum
Number of points = N/2 #y1
Data array = SS[1..N{2 /1]

DS[1] SS[1] = DS[1]
DS[2] §S[2] = 2)-,.bs[2]
DS[3] SSI31 &2 - DS[3]

DS[NI2] SSINI2] = 2 - DSINI2]

DS[N/2 + 1] at the Nyquist frequency

SSIN/2 + 1] = DS[N/2 + 1]

DS[NI2 + 2]

Discard

DSIN]

Discard

Simil
for t
NI2 4
comg
frequ
spec

r care should be taken when convetting single-sided spectra back to double-sided sp
e inverse Fourier transform operation since data points at frequency 0 (DC) and freqyency
1 (Nyquist frequency) appear_only once in a double-sided spectrum, whereas all
onents appear twice as complex-conjugated values (as both positive and nedative
ency components). Table\D22 shows the correct method of converting from a single-
rum back to a double-sided spectrum. SS* denotes the complex conjugate of SS.

Table D.2 — Method of conversion from a single- to a double-sided spectrum

ectra
bther

sided

Single-sided spectrum
Number of points = N/2 + 1
Data array = SS[1..N/2 + 1]

Double-sided spectrum
Number of points = N

Data array = DS[1..N]

SS[1] DS[1] = SS[1]
55121 PSto—S5t2H2
SS[3] DS[3] = SS[3]/2
SSIN/2] DS[NI2] = SS[N/2]/2
SSINI2 + 1] DS[NI2 + 1] = SS[N/2 + 1]

DS[NI2 + 2] = SS*[N/2]/2

DS[NI2 + 3] = SS¥[N/2 - 1]/2

DS[N] = SS*[2]/2
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D.4 Use of hydrophone calibration data

D.4.1 Calibration data interpolation
The combination of sampling interval (time increment: A¢) and number of points N acquired

determines the frequency interval (frequency increment: Af) of the spectrum of the measured
signal according to Formula (D.4):

Af =

D.4
Atx N ( )

Frequently, it is found that this frequency increment of the measured data differs fron] that
supplied between consecutive points in the hydrophone calibration data.(TFo” ensure| that
calibration data is available at the appropriate frequency points, it may. be necessary to
interiolate values at the required spacing from the calibration data. Cubic or Bezier {pline

interpolation routines have been found to be an effective means of providing this addifional
interpolated data [18]. One of the advantages of these methods is that'the interpolation function
only heeds to be pre-computed once. The interpolation function can“then be used to produce
calibration data at any required frequency increment. Thus, a refined frequency response ¢urve
for gach hydrophone can be pre-calculated and stored‘dor later use. Alternatively, if
hydrpphone calibration data stem from pulse excitation measurement via Fourier transform,
the flequency increment of the data can be adjusted tothe-application needs by the choige or
modification of the signal length in time, e.g. the sample,rate and number of data points, within
the pgulse calibration measurements [34], [35], [36]./FOr a given sample rate as used ip the
calibration measurement which determines the miaximum frequency (Nyquist frequency], the
number of data points may be altered by zero\padding afterwards to modify the frequency
increment appropriately.

D.4.2 Calibration data extrapolation

For the deconvolution calculation according to Formula (11) or (16), the data sets of the voltage
specfrum U, (f) and the sensitivity-M, (f) need to cover the same frequency ranges from zgro to

the Nyquist frequency of the-hydrophone measurement. For instance, for a typical wavaform
samgling rate of 500 MS/s“{mega-samples per second), data is needed up to 250 MHz.
Therefore, extrapolation ‘ef ‘M, (f) may be used to cover frequencies f outside the calibration

range available if necessary. However, requirements for the frequency range coveregd by
expefimental hydrophone calibrations are specified in 5.1.7.2.2 to be at minimum from helow
half of the acoustic-working frequency up to four times the acoustic-working frequengy to
ensufe that the—major portion of the pressure spectrum is evaluated using most reliably
confifmed sensitivity data on the one hand, and to allow the application of the method and
standard/tovmost applications in practise, where acoustic-working frequencies may extend
up tq 25 MHz and avallable caI|brat|on ranges may reach up to 100 MHz, on the other hand.
For & = = ITa arimlental
calibration data limit of 100 MHz can st|II be retamed for pract|cal reasons. For hlgh intensity
therapeutic ultrasonic fields usually comprising acoustic-working frequencies below 5 MHz,
the range opened for extrapolation is reduced in 8.3.2 to beyond 20 f,,,s because spectra at

clinical driving levels comprise far more higher harmonics.
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A convenient way may be to start with extrapolating the modulus data first and to adjust the
phase data in a second step using Formula (D.3). This will assure consistent complex-valued
response extrapolation, including the phase value being zero at zero frequency as is necessary
for any real-valued time domain impulse response [20]. The modulus extrapolation should follow
the trend indicated by the calibration range limit region; for instance, if some thickness mode
resonance behaviour can be observed at the high frequency end a decreasing behaviour with
frequency may be estimated from that. Of course, the sensitivity cannot become zero. This
would induce singularities in the deconvolution because some noise can be expected in the
voltage spectrum even at frequencies not transduced by the hydrophone due to zero
sensitivity.

g p p
applifations, e.g. lead to reasonable deconvolved waveform results. For mémbrane
hydrpphones, using the lowest calibration data point modulus as constant value down’to[zero
and Wising the highest calibration data point modulus as constant value above the, calibration
range may be sufficient [17], [19], [20] and can be applied as standard procedure. However, if
the preamplifier is known to cause a significant roll-off at low frequerncies, either |from
manufacturer's specifications or from electrical measurements, such sensitivity decirease
shou|d be accounted for in obtaining M, (f). In this case, the extrapolation should includg the

constant value extrapolation combined with the preamplifier’s relative fresponse from the Iqwest
calibration frequency down to f,,/16 (see 5.1.7.1, NOTE 3). Fromyzero frequency to f,i/16,

M, (f)) can be assumed to equal the value at f,,/16. For_needle type and fibre{optic

hydrpphones, a decreasing sensitivity towards low frequenci€s can be expected due tp the
impart of diffraction at the sensor tip. Here, decreasing sensitivity modulus functions show |good
results and should be applied [18], [79]. If available; more comprehensive hydrophone
frequency response modelling may be used for the purpose of extrapolation. Relatively simple
secopdary impulse calibration methods [11], [12] can also be applied by the hydrophone|user
to extrapolate sensitivity data reasonably, as canymeasurements of similar units of the game
design (see 5.1.7.2.2, NOTE 2 and NOTE 3).

The fincertainty introduced to the measurement by extrapolating the calibration data can be
assepsed together with the regularization error (see D.4.3) using an upper bound function
estinjation method for the pressure spectrum [14].

D.4.3 Regularization filterihg

Mathematically speaking. deconvolution is an ill-posed inverse problem [13], [14]. To avoid
excessive additional high-frequency noise in the deconvolved waveforms, regularization filtering
may pe necessary. Such noise can arise from low hydrophone sensitivity (at high frequencies)
and from the Gibbs—~phenomenon. Appropriate suppression may be achieved by low{pass
filtering of the pressure pulse spectrum prior to the back transformation to the time dofnain.

usin
resonance at high frequencies. However, the deconvolution also introduces high frequency
noise and artificial rarefactional pressure peaks in front of the steep pressure steps (Gibbs
oscillations). Using the additional regularization filtering, the additional noise and high
frequency oscillations are appropriately removed. On the other hand, any additional low-pass
filtering causes additional effective limitations of the detection bandwidth and, in particular,
peak compressional parts of nonlinearly distorted ultrasonic waveforms incorporating high
frequency components may possibly be cut. Requirements for the filtering are provided in
5.1.7.2 including guidance on how to include in the uncertainty analysis the systematic error
introduced through regularization for parameters derived from the deconvolved acoustic pulse
waveforms [14], [21].
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NOTE| The example shows part of a Doppler, pulse measured by a needle hydrophone. The voltage to prg¢ssure
convefsion uses (dashed line) M, (1), (--+) using deconvolution M, (f), and (solid line) deconvolution with addjtional

low-pgss filtering (-6 dB at 80 MHz).

Figure D:2_~ Example of waveform deconvolution

D.5 | Implication ofthe hydrophone deconvolution process on measurement
duration

Many acoustic reporting parameters require that a hydrophone will have been scanned through
the acoustic(field, and these measurements can be time-consuming. Figure D.2 tendls to
suggpst assignificant increase in the measurement time overhead. However, if implemgnted
correlctly \this process does not add any significant increase to the total measurement duration.

The majority of automated scanned hydrophone acquisition systems are PC-controlled, and,
although digital oscilloscopes have a range of on-board processing capabilities, much of the
data post processing is done by PC. The key to ensuring the deconvolution is a time effective
process to ensure that the processing of data transfer to the PC is done while the hydrophone
is being moved to its next location within the acoustic field. Once the data is on the PC, the
remainder of the deconvolution process (two Fourier transforms and a division) can be done
rapidly. In fact, with efficient implementation, the processing can be done fast enough to give
real-time feedback of deconvolved waveforms to the user, which can in turn lead to better
alignment on spatial-peak features within the acoustic field.
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D.6 Validation of deconvolution implementation

There are several possibilities to validate the correct implementation of the numerical
deconvolution procedure. The validation should be performed using example measurement data
of a broadband pulse. First of all, the waveforms obtained using the deconvolution should be
compared with those using the narrow-band assumption on the same hydrophone voltage data.
If the implementation comprises major errors like, for instance, a wrong sign in the phase term
of the Fourier transform algorithm, this can be observed easily through the appearance of
unexpected waveforms with extra oscillations that physically make no sense. For typical
waveforms and hydrophones, only slight differences would be expected in the rarefactional
parts of waveforms, and typical overshoots in the compressional parts should be removed by
the deconvolution. Other computational errors often result in significant time-shifts or invefrsion
of th¢ signal, all of which are also easily spotted through such comparisons.

The gecond method of validation of the implementation is to use a broadband hydrophong with
flat flequency response for comparison measurement of a typical broadband.pulse waveform.
Memprane hydrophones with foil thicknesses from 4,5 um to about 12 ym-are availablg that
provide very flat frequency responses up to 70 MHz and beyond and.can be applidd as
reference.

Finally, a pulse check source or a reference transducer system‘for which waveforms jhave
already been measured with a broadband hydrophong, or using already validated
decopvolution can be applied for validation. Metrology institutes and measurement equipment
manufacturers may offer corresponding waveform measurement services for such referlence
transducer systems.

A puplicly available deconvolution tutorial including stored example reference data sefs for
hydrpphone calibration data, hydrophone‘’signal voltage data, and corresponding
decopvolved pressure waveforms including uncertainty estimates is available [77] and can be
used|for validation of custom made numerical implementations#.

4 This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of this product.
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Annex E
(informative)

Correction for spatial averaging

E.1 Linear and quasilinear fields

For most measurements made on diagnostic ultrasonic fields, the diameter of the active element
of the hydrophone is comparable with the width of the ultrasonic beam and the hydrophone

es—the ie—pressure—-ove i Hy i1 ather—than the
presgure at the centre of its active element. The difference depends on the spatial variatipn of
the (ltrasonic field. To correct for this spatial averaging effect, a simple method~has peen
devel|oped [80], [81], which utilizes beam-plots obtained with a step size equal to| one
hydrpphone size. A number of other similar methods can also be applied [37],.{38], [82],[[83],
[84], [85].

The procedure for determining corrections makes the following assumptions.

a) The hydrophone output is proportional to the acoustic pressufe averaged over its gctive
element, which is assumed to be a circular area having a radius equal to the geomeitrical
radius.

b) The radial field distribution, usually in the focal plane ofthe transducer, from the axial [peak

tq a distance equal to the radius of the active element of'the hydrophone, can be modelled

by a quadratic function: p(r) = 1 - bs2 where b is_& ¢onstant. The limits on the accuragcy of

this correction are determined by assuming that the true beam shape is described|by a

Blessel function:

*2Yy(kar/d)

P(f)—W (E.1)

where
k| is the circular wave number;
a| is the transducer.radius;

r| is the distange from the axis in the focal plane;

d| is the focal\distance;

J} is the/Béssel function of the first kind, of order 1.
T

he correction procedure for a sawtooth waveform (one distorted by nonlinear propagation)
ig not the same.

c)

Under these assumptions, the correction factor, K, at the centre of the beam is:

Keu = (3 - p)I2 (E.2)

where
B is the signal at one hydrophone radius from the axis divided by the signal on axis.

The correction should be based on the average value of g determined in two perpendicular
oriented directions.
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This formula is obtained by convolving the response of the hydrophone with the assumed true
field profile for the two measurement positions and relating $ to the ratio of the true pressure to
the measured value on axis. The procedure for determining the correction 6 = (K, — 1) is valid

for g > 0,8; this corresponds to using a hydrophone with a radius that is less than 0,6 times
the —6 dB beam radius. For currently available hydrophones with 0,5 mm diameter active
elements, the correction is less than 10 % provided that the -6 dB beam radius is greater than
0,4 mm.

Because this correction method might not be valid in the case of sawtooth waveforms
(i.e. distorted by nonlinear propagation) another formula may be more valid [81].

The ¢orrection factor, K'. ., at the centre of the beam is:

sa’

K'sy=(3-28) (E.3)

wherg
ﬂ!

The gorrection should be based on the average value of f~determined in two perpendicular
oriented directions.

g the signal at half a hydrophone radius from the axis divided'‘by the signal on axis.

NOTE|1 "Signal" in the above definitions of g and g’ represents\p_, p, or ppsi'’2. For each of these quantfties a

differgnt K or K’ can be expected. The correction factor for.intensity related values derived from ppsi is giyen by

the square of K, or K'_,, where these are derived using ppsil/?.

NOTE|2 Inanumber of cases, the ppsi'’2 is replaced*hy any linearly related quantity, e.g. in the case of a continuous

wave pignal the term ppsi'/? is replaced by RMS acoustic pressure.

The Wincertainty of the correction ¢’ =(K'g, — 1) is estimated to be 10 % for g’ > 0,92.

NOTE| 3 The overall uncertainty can,also depend on the actual (not necessarily symmetric) geometry pf the
hydrophone's active element.

Note| that the effective \diameter of well-designed PVDF needle hydrophones is rgadily
predictable. For membrane hydrophones, the response is more complicated and, in $some
cases, and at low frequencies, the geometrical radius of the membrane hydrophone might not
be dqual to the‘effective hydrophone size as determined from directional response
meagurements{(see [42]). In this case, the procedure is modified by moving the hydrophone
by itg effective radius instead of its geometrical radius.

Experimental results using a number of hydrophones of different size of active element [31]
Shou adithat far moet focucad liracanic fialde tha nrocaedure aivan abhovae tndaractimata. the
wed-thatfor mostfocusedulirasonicfieldsthe proceduregiven-above underestimate
correction. Other studies [86] have shown that the major reason for the underestimates is the

residual presence of nonlinear distortion in the fields.

Studies have shown [86] that, providing J,, < 0,5, the correction procedure given above will

provide reasonable estimates of the spatial averaging correction for all acoustical parameters
within uncertainties of 10 % to 15 %. For more distorted waveforms, it is possible to delineate
the following regimes for estimation of spatial averaging corrections in terms of the parameter
Rpp, the ratio of the -6 dB beamwidth to the effective hydrophone diameter. Guidance for the
magnitude of the likely corrections for the peak-compressional acoustic pressure p,
peak-rarefactional acoustic pressure p., and pulse-pressure-squared integral ppsi, are as
follows [86]:
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Rpn > 2
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NOTE 4 The referenced study used the nonlinear propagation parameter o for characterizing the amount of
nonlinear distortion. However, IEC 62127-1:2007/AMD1:2013 changed to using the local distortion parameter oy

instead. In typical applications both parameters have similar values. Therefore, for the purpose of the estimates here,
o, can be replaced by oy

For 0,5 < g, < 1,5 the maximum p. and p, corrections will be approximately 13 %, with the
correction to ppsi being less than 25 %; for o, > 1,5, the peak pressure corrections will be higher

but a

For g, < 1,5, the corrections to p. and p, will be less than 20 % while the corregtion to pp

gene
than

In thi

p, at
from
of the

smal

E.2

An inverse spectral filtering approach may be used to correct for spatial averaging effec

linea
The
meth

allows for linear or nanlinear propagation. The two methods give similar results for the s
averaging correction_at fundamental frequency, as shown in Figures 3 to 5 in reference [8

addit
at ha
spec

meagurement. The effects of spatial averaging can be described by a spatial averaging

§(f)5
the

re unlikely to exceed 20 %.

1,5< Rpp S 2

rally not exceed 40 %. For higher o, values, corrections to p., p, and ppsi-Can be gr
30 %, 20 % and 50 %, respectively.

Rpn <15

5 regime, large spatial averaging effects occur for all parameters but particularly for p
all values of g, corrections for p, can reach 50 % butthese are not significantly diff
the values obtained from the procedures given abgve. In contrast, p. corrections ca

er hydrophone be used for measurements.

Linear fields, quasilinear fields, and broadband nonlinearly distorted
waveforms

- beams or nonlinear beams that contain multiple harmonics of the fundamental frequ
nverse spectral filtering“approach is more general than the method in Clause E.1
pd in Clause E.1 assumes linear propagation. The inverse spectral filtering apprn

on, the inverse spectral filtering approach gives appropriate spatial averaging correg
IFrmonic frequencies for nonlinearly distorted waveforms. Another advantage of the in
ral filtering approach is that it does not require a separate off-axis hydrop

Which”gives the frequency domain ratio of the spatially averaged hydrophone outp

i will
cater

. and
erent
n be

order of 100 % for 0,5 < ¢, < 1,5, and for g, >2can be in excess of 200 % corresponding
to pplsi corrections of 300 %. Therefore, in situations where R, < 1,5, it is important t

hat a

s for
ENCy.
The
oach
batial
7]. In
tions
erse
hone
filter
ut to

none

fignal that would be measured by an ideal point hydrophone The hydrop

spatiotemporal response is assumed to be separable into a product of spatial and temporal
factors, and extending Formula (11) or (16), the actual acoustic pressure corrected for both the
spatial averaging effect and the effects of varying sensitivity is then calculated from
Formula (E.4):

p(t):f1[Q(f), UL(S) j

M (f)-S(f)

(E.4)
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The spatial averaging filter at each harmonic frequency depends on the ratio of the frequency-
dependent effective hydrophone size to the frequency-dependent harmonic beamwidth. For
harmonics with Gaussian-shaped radial profiles and assuming constant phase of S(f), it can be
shown that the spatial averaging filter is given by [87], [88], [89]

1—exp(—Qn2)
S(nfy) :9—”2 (E.5)
wherp f; is the fundamental frequency and » the harmonic number, and
2
a n
Q2= LV (1) , (E.6)

2
20,

wherg ag(nfy) is the frequency-dependent effective hydrophone size evaluated at
fundamental and harmonic frequencies, and o, describes theharmonic beamwidth parameter
for alharmonic with radial profile shaped like exp(—r2/20n2); r is the radial coordinate.

The frequency-dependent radius agg(nfy) can be evaluated from directivity measuremerjts at

multiple frequencies (IEC 62127-3:2007, 5.5 and §.6). Alternatively, for needle or reflectance-
basef fibre-optic hydrophones, an experimentally-validated theoretical form for a «(nf1) can

be uged [43], [87]. For membrane hydrophongs, an empirical formula for agg(nf) can be [used
[34], [90].

The beamwidth parameter ¢, can be obtained from theory, simulation, or experiment. In T1any

casep relevant to medical ultrasotnd (nonlinear distortion not too severe), the fundamiental
bearl will be similar in shape tothe prediction based on linear propagation theory. Then ¢} can

be obtained by fitting a Gaus§sjan function to the theoretical diffraction pattern from a foclised,
circular source, which results in ¢4 = 1,93 D/(k4ag), where D is the radius of curvature or[focal

distapce, ky = 2n/44, A~iS"the fundamental wavelength, and a4 is the radius of the source [87].

In many cases _relevant to medical ultrasound, the dependence of harmonic beamwidth on
harmjonic numbéer can be accurately approximated by a power law, ¢, = ¢g4/n9 [87], [91]] The

valug of the_exponent ¢ depends on the degree of nonlinearity of the pressure signal, which can
be d¢scribed by the local distortion parameter o,. Simulation and experiment suggest that for

o, < b,\g-can be approximated by ¢ = 0,78 - 0,032¢,, [87]. This formula has been shown fo be

valid even for high intensity therapeutic ultrasound signals with peak compressional acoustic
pressures up to 48 MPa [91].

The combined effects of frequency-dependent sensitivity and spatial averaging for needle and
reflectance-based fibre-optic hydrophones have been illustrated in a 27-panel graphical guide
that can be used as an aid in choosing an appropriate hydrophone geometrical radius for a
given measurement task [87].
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While the method in Clause E.1 provides the spatial averaging correction at the centre
frequency of a linear, narrow-band waveform, the method in Clause E.2 provides the spatial
averaging filter at the fundamental and harmonics for linear and nonlinear waveforms. The
method of Clause E.2 has been validated in experiments using nonlinear tone bursts [88].
Though the method has been verified only for a burst wave, it is considered to still be useful for
a pulse wave. For short pulses (only a few cycles or less in duration), simulation has been used
to determine the spatial averaging filter to frequencies also between harmonics [92]. The spatial
averaging correction factor has been found to oscillate with local minima at the fundamental
and harmonics and local maxima midway between harmonics [36], [92]. For quasi-linear beams
and for waveforms comprising only one nonlinearly distorted wave cycle (sawtooth-like cycle),
the magnitude of the oscillation is small (< 10 %). For highly nonlinear waveforms with more

) et SR ETYR " igher

ency components stemming from different parts of the waveform [92].
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F.1

Annex F
(informative)

Acoustic output parameters for multi-mode medical ultrasonic
fields in the absence of scan-frame synchronization

General

The earliest clinical ultrasound scanners used fixed-focus, single crystal transducers to

presd
stand
were

tion), or mechanically moved from side to side (for B-mode operation). The invénti
ning to be carried out electronically. Static Doppler (D-mode or PWD, pulsed wave Do
colour-flow imaging (CF-mode) have also been introduced and available~-for™15 yegq
. In the last few years, harmonic imaging, CT-imaging and 3-D imaging have all appe
rther add to the plethora of output configurations, each of these modes can, in prin
pften in reality, be combined with any other mode or combinatjon ‘of modes. And

ards relating to measurement of acoustic output were published in 1993 or beforg
largely formulated several years before that. The methods, which seemed adequa

the npajority of purposes at the time, are now extremely time-consuming to carry out and

impo
meas
equif
a no

5sible. There is now a need to reconsider the existing parameter definitions

ment. This Annex F is meant to gain support for anew approach before putting part
mative text in future. It can be used in those €ases where there does not exist a s

fram¢ repetition.

F.2

Current philosophy

The

pproach, or philosophy, behind existing measurement standards goes back to the of

of diggnostic ultrasound when the ultrasound field was generated by a single crystal of
geonjetry. The starting point is thata single type of ultrasound pulse — defined by its aco

freq
the s
unsc
the g
distir
of pu
numly

For {
can |
a var

ency, duration and focusing properties — is generated. Each pulse generated is of eX
ame type and is directed either along a single well-defined beam axis (in the ca

ase of the scanned\B-mode or CF-mode). Each of these modes is considered to

Ises will form ‘a’"scan-frame" and that each scan-frame will contain exactly the
er of pulses:

e made with a hydrophone along the beam axis allowing a focal point to be locateq

ode
bn of

bd, linear-arrays allowed the focusing to be electronically controlled and, for-B-mode,

pler)
rs or
ared.
ciple
yet,

ribed measurement methods have not moved on. All the major national and internafional

and
e for
often
and

urement methods and perhaps to develop new ones more appropriate to modern imaging

5 into
bcan-

igins
fixed
Listic
actly
5e of

bnned A-mode, M-mode or D-mode) or along a series of distinct and well-defined axgs (in

be a

ct "discrete operating mode"; for scanned modes it is assumed that a repeating sequence

pame

implesdiscrete modes, this approach works well. For unscanned modes, measurenments

and

iety/of acoustic parameters to be determined. The main basic parameters defined i this

docu

ment or in [EC 61161 are listed in Table F.1.
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Table F.1 — Main basic parameters defined in this document or in IEC 61161

Pe Peak-compressional acoustic pressure
Py Peak-rarefactional acoustic pressure
Saws Acoustic-working frequency

Pulse duration

ppsi Pulse-pressure-squared integral

Isppa Spatial-peak pulse-average intensity
1SIDta Spatial-peak temporal-average intensity
W -6 dB beamwidth

sata Spatial-average temporal-average intensity

P Total ultrasonic power

Zppsi Distance from external transducer aperture to the position of
maximum pulse-pressure-squared integral

Zspta Distance from external transducer aperture to the position of spatial-
peak temporal-average intensity

prr Pulse repetition rate

srr Scan repetition rate

For discrete scanned modes, where the scan-frame Consists of N distinct scan lines,| it is
poss|ble simply to examine every Nth scan line and characterize it in the same way as fpr an
unscanned beam, except that derivation of /g ;,\nheeds to account for "overlap” between|scan
lines|and derivation of P needs to include theracoustic power for all scan lines. An addifional
complication arises because, since the overlap between scan lines varies with distancg, the

positlon of the maximum /g, will generally not be at the same distance from the transducer as
the ppsition of maximum ppsi for any single scan line. It is then assumed that, as the complexity
of thie field increases, it remains<possible to isolate individual discrete modes of regular
repeating periods.

F.3 | Need for an alternative approach

Howegver, the aboveée_approach is only possible if the number of scan lines in the scan-frame
remafins constantiuntil the scanner controls are adjusted. For many modern scanners, the
e the
that
h the

the safety of imaging equipment is questionable.

F.4 Proposed approach

F.4.1 Alternative philosophy

The alternative approach suggested here does not require synchronization with the scan-frame.
At least the parameters that are relevant to the continued safe use of ultrasound imaging should
be included. At present, this means factors that may affect heating and cavitation (or other
bubble activity). It needs to be possible to measure these parameters for any field without
special knowledge of the scanner (although it would be expected that such knowledge will allow
measurements to be carried out more rapidly). However, it should also be possible to use
existing measurement methods and infrastructure and to calculate values for the field by an
appropriate combination of quantities for the individual pulses.
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This is an important consideration because it allows manufacturers and other laboratories to

conti

nue to use their existing measurement infrastructure.

As far as possible, the required acoustic parameters will be based on a subset of the existing
parameters defined by IEC but modified to account for the change of philosophy, which means
that the field no longer consists of a repeating pattern of discrete pulses each of a well-defined

centr

F.4.2

e frequency.

Alternative parameters

For systems that do not meet the narrow-band requirements, recording of the time waveform is

required and any correction required or recommended in other clauses of this document for

limitdd bandwidth or finite sensor dimensions should be applied also. However, the
eters are mostly chosen so that, for a system that does meet the narrow-
rements, they can be determined with a system which can only measure péak press

para
requi
and §

NOTE
requir

The g¢xception to this is the acoustic-working frequency which, as_at present, will requir|
y to carry out spectral analysis. Table F.2 presents a list of parameters that are to be

abilit
orar

RMS voltage.

b to be deleted.

Table F.2 — List of parameters that are to be,used or are to be deleted

In general, diagnostic and high intensity focused ultrasound (HIFU) equipment meets the narro
bments at maximum output levels only via a broadband flat hydrophone frequency response, see 5.1.7

new
band
bures

-band

e the
used

Pe

As in current definition.

For a single, fixed-beam mode, the numerical\result will be identical to the existing definition.

P,

As in current definition.

For a single, fixed-beam mode, the numerical result will be identical to the existing definition.

fawf

Calculate from pressure spectrum’measured over 1 s or more, or from Fourier analysis of the
pulse containing the peak negative pressure (see below for more details).

For a single, fixed-beam mode, the numerical result will be identical to the existing definition.

Not required.

The existing definition of pulse duration makes measurement of it subject to substantial
uncertainty and error depending on the frequency response of the measurement system.
Moreover, a Single value for pulse duration is only relevant if all acoustic pulses are identical.

ppsi

Not required:

Pulse-intensity integral is currently used to define the axis and focus of individual pulses and o
calculate spatial-peak pulse-average intensity.

sppa

Not required.

Spatial-peak pulse-average intensity is subject to large uncertainties due to the definition of
pulse duration. Since it is unlikely to be of direct relevance to safety, this parameter can be

dropped—Thetimit ptaced o7 by theFood—amdDrugAdmimistratiom i the USAmtheir

sppa
FDAS510(k) should be removed completely or replaced with a limit on Mechanical Index (MI) or p,.

spta

As in current definition.

For a single, fixed-beam mode, the numerical result will be identical to the existing definition.

Calculated from Ispta and p, distributions, not from ppsi.
The diameter of an individual ultrasound beam may be of interest for some aspects of
performance but is not relevant for safety. The diameter of the temporal-average intensity and
peak-rarefactional acoustic pressure distributions, however, are relevant to safety.

Beam areas (which are used in the definition of 7

<ata) CaN be defined on the same basis.

For a single, fixed-beam mode, the numerical result will be identical to the existing definition.

sata

As in current definition.

For a single, fixed-beam mode, the numerical result will be identical to the existing definition.
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P As in current definition.
For a single, fixed-beam mode, the numerical result will be identical to the existing definition.
Zppsi As in current definition.
For a single, fixed-beam mode, the numerical result will be identical to the existing definition.
Zspta As in current definition.
For a single, fixed-beam mode, the numerical result will be identical to the existing definition.
prr Not required.
srr Not required.
F.5 | Measurement methods
F.5.1 General
Meagurements will be made with an appropriate hydrophone assembly.,Observation af any
point/should be carried out for long enough that a fully representative part ‘'of the acoustic gignal
is sampled. Typically, this would be less than 1 s.
New | technology oscilloscopes and digital capture cards are/now available which pgllow
extregmely long recording lengths to be captured and analysed.in general, use of such a device
is likely to be the most flexible way to determine all the necessary parameters. Since it js no
longgr assumed that the acoustic signal will repeat, edquivalent-time sampling is not pogsible
and gonsequently the single-shot digital bandwidth \will need to be sufficient to accunately
reprgsent the hydrophone signal.
F.5.2 Peak pressures
Many acoustic pulses can be captured .ahd a search carried out for the peak positivd and
nega’tive values. Pulses above a certainthreshold can be captured selectively. As a simpler
alterpative, a suitable "envelope" mode or peak-detect circuit can be used.
F.5.3 Temporal-average intensity
The most general method is to digitize every acoustic pulse and calculate the tempjoral-
average intensity from-.this data. Clearly, this will be easier if an electrical trigger signal
corrgsponding to eachjacoustic firing is available. In the absence of such a trigger signal,
captyre can be initiated by triggering on the waveform or simply by initiating a continuous
acquisition sequence. In these latter two cases, it may be necessary to pre-process$ the
wavdform datato minimize electrical noise and to remove non-acoustic signals.
NOTE| In many cases, a very high sample rate is not expected to be required to measure Iopta since the engrgy in
the N ndolinear harmonic is less than or equal to 1/N? times the energy in the fundamental.

In principle, I;; can be measured more simply with an RMS voltmeter (or radio frequency power
meter) fitted with an appropriate voltage sensor. In practice, electrical noise and the temporal
response of the sensor may cause some difficulties at lower levels of /;,. However, for most
clinical fields where Ispta approaches the current FDA510(k) limits of 720 mW cm~2 (derated),

it is possible to use this method to locate and measure the peak value and to measure the
-6 dB beamwidth.
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F.5.4 Frequency

From the perspective of a safety standard, we can consider two different reasons for wanting
to know the acoustic frequency. The first relates to the occurrence of cavitation and its relevant
quantity is approximately the centre frequency of the pulse with the largest negative pressure.
The second reason relates to heating and the relevant quantity is approximately the median of
the acoustic pressure spectrum. In single mode operation, these two quantities are likely to be
similar. However, for combined modes, these two quantities may be significantly different. For
instance, in B+CF imaging, the scan-frame generally consists of a small number of short, high
amplitude pulses for grey-scale imaging and a larger number of longer, lower amplitude Doppler

pulses. The centre frequency of each type of pulse may lie anywhere within the bandwidth of
the transducer

Condequently, two distinct frequency parameters are suggested for each of(these| two
requirements.

e Mechanical acoustic frequency is determined at the point where the negative pressure
reaches its global maximum value. This frequency is defined as peak pulse acoustic
frequencyfp.

e Thermal acoustic frequency is determined at the position where the temporal-avgrage
intensity reaches its global maximum value. This frequency is defined as temporal-average
apoustic frequency f;.

NOTE|1 It can be necessary to correct for frequency-dependent sensitiyity. of the hydrophone and amplifier irf order
to corfectly determine the time averaged acoustic pressure spectrum, especially in cases where there are fwo or
more Yidely separated spectral peaks of similar magnitude.

NOTE|2 The detailed procedure to obtain the appropriate aceustic power spectrum has not yet been elaborgted.
F.5.5 Power

Powgr should be measured with a radiation force balance or by planar scanning with an
appropriate hydrophone.

F.6 | Discussion

F.6.1 Relationship to existing standards
F.6.1.1 IEC 61157

A change would be.that, while measurements would still be made at the position of the maxijmum
peak-rarefactional acoustic pressure p., the other location would now be at the positipn of

the maximum spatial-peak temporal average intensity, Isptar rather than at the maximum ¢f the
pulsg-pressure-squared-integral for a single pulse type.

The }\Clllptiull U:GUDU fUI :UVV uutput Uquiplllcllt vvuu:d IUIIIG;II all\‘.“I VVUU:d bc baacd UTT thc ame
parameters as currently specified, except that the definition of output beam area would need
to be altered to refer to /g,,. This may affect the value of /), for some scanned systems, but

not for the unscanned systems that generally fall into the exempt group.
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F.6.1.2 IEC 62359 and IEC 60601-2-37

In principle, these would not be greatly changed. The major difference would be in the
calculation of those Thermal Index (77) formulae that depend on the variation of intensity with
distance along the axis. Currently, the 77 for each type of pulse is calculated independently and
combined in a not altogether satisfactory way to arrive at a value for the scan pattern. With the
new approach, the temporal-average intensity for the entire scan-pattern is measured (or
calculated) and the axial variation of this quantity determines the distance and the value of the
TI. This change would also be carried through to calculating the equivalent beam diameter as
a function of distance. A further minor change would be in the value used for the
acoustic-working frequency, which affects the derating calculation and is also used explicitly

in th soft tissue TI calculations—The alternative approachis actually a more consistent
Ll o J

implgmentation of the 77 concept and, for unscanned fields, the results should be identicdl.

For the Mechanical Index (MI), the value of the frequency used in the formula may, be different
in some cases.

F.6.2 Advantages
The major benefits appear to be substantial.

e The number of measurements required and the number of declared parameters are greatly
reduced since only two sets of measurements are now requiréd for each probe, instepd of
two sets for each operational mode of each ultrasonic transducer.

The definitions of the new parameters can be applied to even more complicated output
ppatterns and sequences in the future as new imaging techniques are developed.
M
s

easurements on even complex operating. modes can be made with relatively
raightforward measuring equipment.

Existing measurement methods can still be<used and should generate consistent results. For
simple, unscanned systems (and perhaps.for many others), the values of the acoustic quantities
will be unchanged from the existing definitions.

F.6.3 Disadvantages
The fechnical disadvantages’include:

e the introduction of assecond frequency quantity;
e ppssible susceptibjlity of the method to electrical noise;

bssible need-to make minor changes to existing measurement techniques and equipment;

[}
O

e alrequirement of significant wave memory for a long-term (> 1 s) sequence.
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Annex G
(informative)

Propagation medium and degassing

It is well established that measurements can be strongly affected by acoustic cavitation.
Cavitation is the growth, oscillation and collapse of previously existing gas- or vapour-filled
microbubbles in a medium. During ultrasonic measurements, these bubbles will scatter the
ultrasound from the transducer under test, causing instabilities and underestimates of the
values to be measured. There is thus a need to know when cavitation is occurring during
mea ; i i Ta i ' Ttati n be
minimized.

A measurement method to detect the onset of cavitation is described in [93], [94]. |Specifigally,
the onset of inertial cavitation is often characterized by the presence of the subbhafmonic gf the
fundamental operating frequency. An example of an acoustic spectrum acquired using a n¢edle
hydrpphone is presented in [93], [94].

Possjble methods to degas the water are investigated in [95] and listed in IEC TR 62781.
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Annex H
(informative)

Specific ultrasonic fields

Diagnostic fields

Useful relationships between acoustical parameters

2022

n be

used

The
aver

Tod
or |E

mber of useful relationshins exist between various acoustical narameters which ca
™ ™ Y

to check consistency of acoustic output measurements. Some of these are given.be

patial-peak pulse-average intensity, /g
ge intensity, /5,, by

ppa’

Isppa =prp X Ispta / Iq

ptermine the total ultrasonic power, the procedures anddechniques described in 7.
C 61161 may be used. If the total ultrasonic power,P, is known, then it is possil

detemine values for the spatial-average temporal-average intensity, which are

estim
scan

ates. If Py, refers to the total power emitted by one acoustic scan line for an auto
her then the following equalities and inequalities.hold:

P = ngy™> Ppeam

Oow.

is related to the spatial-peak tempjoral-

H.1)

3.2.4
le to
bver-
matic

H.2)

wherp
ng; | is the total number of acoustic scan lines.
NOTE| Formula (H.2) assumes the.same number of pulses per ultrasonic scan line Moos for each scan ling.
For fon-scanning modes:
P/Ab > Isata

For §canning-modes:

P/Ascan > Isata
and:

Wscan = Ss * s
where
I, is the spatial-average temporal-average intensity;
Agcan I8 the scan area;
w is the scan width;

scan

is the ultrasonic scan line separation (see 3.87).
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It is assumed here that the scan lines are equally spaced, which is not necessarily the case.
For some types of transducer, such as a linear array, "scan width" represents the width of the
scan in a straight line parallel to the linear array surface and is independent of the distance
from the face (rectilinear scan geometry). For other transducers, such as sector scanners, "scan
width" represents the width of the scan on a surface centred at a point, usually within the
transducer body. In this case, the "scan width" depends on the distance specified for s.

H.1.2 Pulsed wave diagnostic equipment

In all pulsed wave diagnostic equipment, a pulsed waveform is transmitted and either the echo
or the transferred signal is analysed.

The gcoustic output of pulse-echo diagnostic equipment usually consists of pulses of ulirasiound
at ar] acoustic-working frequency in the range 1 MHz to 20 MHz, and at pulse‘repetition
rateg of between 1 kHz and 25 kHz. Pulsed Doppler equipment usually has anqaceustic pulse
cons|sting of a number of cycles at pulse repetition rates similar to or perhaps higher|than
pulsg-echo equipment. In both types of equipment, the ultrasound is ,usually focusg¢d at
distahces from the transducer of between a few centimetres and 20 cm, and the peak acoystic
pressure at the focus is usually between 0,2 MPa and 10 MPa. While(linear-array, sectof and
phaspd-array scanners emit consecutive pulses along different ultrasonic scan lines|, the
acoustic pulse waveform remains approximately constant.

For pulse-echo equipment, the focal diameter is usually less.than about 3 mm and, as [seen
from5.1.6, a hydrophone with an active element of diameter approximately 0,5 mm is needed
as well as a relatively precise alignment of the hydrophone.

NOTE| Some pulse-echo equipment uses unfocused beamsjin some applications and achieves spatial res¢lution
within|the receiving procedures.

As the acoustic pressures are high, the localdistortion parameter q (see 3.38) will udually

be gieater than 0,5, in which case the bandwidth requirement for the hydrophone is grgater
and additional demands are placed on(the angular alignment because of the dependente of
this directional response on frequency: Under these conditions, it is important to optimize the
rotation of the hydrophone to ensure the maximum received signal (see 5.2.2).

and gn the coordinate positioning system. PVDF hydrophones of the membrane or needlq type
are gssential (see Clause B.9). Several investigations have shown the need for broadpand
hydrpphones [25], [36]) [96], [97].

In general, diagnostic equipment places the greatest demand on the hydrophone bandqlidth

As measurements*for the purpose of determining the maximum output are undertaken ip the
plang containing the spatial-peak temporal-peak acoustic pressure, this plane is expg¢cted
to be[closeto.the focus of the transducer. At typical focal distances, the square law relationship
betwgenp \acoustic pressure and intensity is usually assumed in order to derive intgnsity
parafeters. This assumption is made despite the uncertainty associated with the nonljnear
distortion that can take place.

H.1.3 Continuous wave diagnostic equipment

Frequencies for continuous wave Doppler systems are usually between 2 MHz and 10 MHz,
and an acoustic lens can be used to focus the ultrasound at distances from the transducer face
of up to 8 cm. Sometimes the transducer elements have D-shaped crystals, which makes
identifying the maxima in any plane complex. Peak acoustic pressures are usually less than
0,1 MPa and, consequently, the local distortion parameter is generally below 0,5 and a
broadband hydrophone does not need to be used.

Focal diameters may be less than 3 mm and, as seen from 5.1.6, a hydrophone with an active
element of diameter 0,5 mm or smaller is needed. For higher frequency devices, it may be
necessary to rotate the hydrophone when measurements are made at distances from the
acoustic axis greater than the transducer radius.
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In the case of foetal monitors, the acoustic beam is often divergent, and the peak acoustic
pressure usually occurs at the face of the ultrasonic transducer. Under these circumstances,
the usual plane progressive wave approximation for ultrasonic intensity is invalid (see 7.3).
Hence, only acoustic pressure parameters can be specified unless a compromise is made. Such
a compromise is to undertake measurements in a plane that does not contain the spatial-peak
temporal-peak acoustic pressure in the whole acoustic field and at a distance such that the
plane progressive wave approximation for intensity may be assumed. Although not strictly
appropriate for a divergent beam, the criterion given in reference [70] for a plane piston
transducer may be used to estimate the difference between the true intensity and the intensity
derived from the square of the acoustic pressure. A suitable compromise is to undertake

measure

two u
error

H.2

H.2.1

Ultrasonic transducers used for physiotherapy usually operate betwgen 0,75 MHz and 3

ments at a distance from the face of the ultrasonic transducer of between on

5 of 4 % and < 2 % for these two cases.

Therapy fields

Physiotherapy equipment

e and

yield

MHz

undef continuous wave or long tone-burst excitation. IEC 61689 s jthe related measurement
standard. For systems in the frequency range from 20 kHz to 500.kHz, IEC 63009 is the refated
meagurement standard.

Typid
lens
signi

of the transducer.

Gene
madg
diam
the ¢
it is

greafer than or equal to one transducer diameter.

H.2.2

Spec
(HIFU

ally, the transducers have active elements of diametér 20 mm and may have an acg

ustic

to modify the ultrasonic field. Peak acoustic pressures are below 0,5 MPa with no

icant nonlinear distortion of the acoustic pressurewaveform taking place in the near

ral measurements can be made in any~plane although it is usual to require them

in the near field. For measurements-made at distances of less than two transg
bters, there is the same problem of-¢onversion from acoustic pressure to intensity as
pntinuous wave Doppler devices.{s€e H.1.3). So, to obtain an absolute value of inte
ecommended that measuremegnts are made at distances from the transducer whic

High intensity therapeutic ultrasonic equipment

ific comments onthe'measurement of fields generated by high intensity focused ultras
J) and high intensity therapeutic ultrasound (HITU) are specified in IEC TS 62556

field

o be
ucer
with
nsity,
h are

ound
with

respect to measurement at relatively low output levels and methodology for extrapolating fhese

to hig

H.2.3

her therapeutic level fields.

Non-focused and weakly focused pressure pulses

Sped

ifie'comments on the measurement of fields generated by non-focusing pressure

ulse

sources for pain treatment and other applications are specified in IEC 63045.

H.3

H.3.1

Surgical fields

Lithotripters

Specific comments on the measurement of fields generated by pressure pulse lithotripters are
specified in IEC 61846.

H.3.2 Low frequency surgical applications

Specific comments on the measurement of fields generated by low frequency surgical systems
are specified in IEC 61847.
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1.1

Annex |
(informative)

Assessment of uncertainty in the acoustic quantities
obtained by hydrophone measurements

General

To be truly meaningful, the result of a measurement should be accompanied by its associated

unc
the g

In ge

Type
Type

1.2

The
desc

Whe
expr
(e.q.
of ex
or co

NOTE
equivd

NOTE
calcul

1.3

The Ellowing is a list of common sources of uncertainty using hydrophones. This list s

not b
spec
all) o
migh

uidance provided by ISO/IEC Guide 98-3:2008 shall be followed.

neral, uncertainty components are grouped according to how the values arelestima

A: evaluated by statistical means;
B: evaluated by other means.

Overall (expanded) uncertainty

pverall uncertainty should be obtained from all uncertainty components in the ma
ibed in ISO/IEC Guide 98-3:2008.

combining uncertainty components, care should be taken when component value
ssed in decibels. Before combination, the values should be expressed in linear
as a percentage or in the units of the quantity)-and not in logarithmic form. The final
panded uncertainty may be expressed ejther in the units of the quantity, as a percer
nverted to decibels as required.

1 The use of decibels to express uncertainties can lead to asymmetric distributions (e.g. +1,5
lent to +19 %, but -1,5 dB is equivalentto'™-16 %).

2 When each component of uncertainty is small, i.e. less than 1 dB, the overall uncertainty c
hted using decibels.

Common sources-of uncertainty

considered\exhaustive but may be used as a guide when assessing uncertainties
fic paraméter. Depending on the parameter to be measured, some (though possibl

be minimized by the use of the same measuring channel (amplifier, filter, voltmeter,

for all signals and measuring only amplitude ratios. However, since this might not be the
in alllimplementations, components for these sources of error have been included in the |

tion,

ed:

nner

5 are
form
alue
tage

dB is

An be

nould
for a
y not

f these.sources will need assessment. For example, the errors from measuring instruments

etc.)
case

st.

Various potential sources of uncertainty are as given below.

a) D

ue to alignment and waterbath:

1) positioning of the hydrophone for maximum signal;

2)

far from omnidirectional;

3) interference from acoustic reflections, leading to a lack of free-field conditions;

4)

5)

by the mount);

adequate wetting and soaking of transducers and hydrophones;

misalignment, particularly at high frequencies where the hydrophone response may be

acoustic scattering from the hydrophone mount (or vibrations picked up and conducted

bubbles or air clinging to transducer and or hydrophone — this should be minimized by
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b)

c)

6)
7)

8)
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cavitation bubbles and dust particles in the water;

2022

variation in environmental conditions during the measurements (e.g. temperature, depth,

mounting/rigging, etc.);
errors in the measurement of distances.

Errors related to signal management:

1)
2)
3)

hydrophone sensitivity data;
electrical noise on the hydrophone signal include RF pick-up;
additional noise through waveform deconvolution (see 5.1.7.2);

4
5

<l % ] H EH £i14 H £ <l Lit: L o 4 7
CITUTN UUuT U TTYyYuiari<duuilT TimeriTyg TUT UTULUTTVUTULIUTT (oTT J. T.

N

2N
)

inaccuracy of any electrical loading corrections made to account for loading by exte
cables and preamplifiers;

inaccuracy of any electrical signal attenuators used;
errors due to the lack of linearity in the measurement system (the usgof a calib

hsion

rated

attenuator to equalize the measured signals may significantly reduce-this contribution);

inaccuracy of the gains of any amplifiers, filters and digitizers usgd;

errors in measurement of the receive voltage (including the ‘accuracy of the meas
instrumentation — voltmeter, digitizers, etc.);

D) errors due to the resolution of the digitizer;
1)errors in the time base.
rrors related to the ultrasonic field:

overlapping acoustic scan lines;

variation between scan lines;

lack of steady-state conditions;

errors in the values for acoustic frequency;

errors in the values for water density;

local temperature variations‘between repeated measurements;

instability of ultrasound\transducer (e.g. instability of the output or electrical
conditions);

instability of the hydrophone;
temperature sensitivity of the hydrophone;

D) nonlinear distortion;

1)the spatial’ averaging effects of the hydrophones due to their finite size.

uring

drive
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Annex J
(informative)

Transducer and hydrophone positioning systems

There are numerous ways to mount the ultrasonic transducer and hydrophone such that the
requirements specified in 5.2 can be met. Figure J.1 illustrates a possible system.

/ /

IEC

Key
1 ulfrasonic transducer (linear array)(translations optional)
bepm axis
tank

Hrophone active element

X h ow N
0
<

Y and Z denote the\axis directions relative to the mounted hydrophone and ultrasonic transducer

Figure J.1 — Schematic diagram of the ultrasonic transducer and
hydrophone degrees of freedom
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Beamwidth midpoint method

In the method®, orthogonal line scans are used and the square root of pulse-pressure-
squared-integral values, ppsi, are divided into 20 intervals corresponding to the -0,1 dB to

—-26 dB level. See Table K.1.

Beamwidths are calculated at as many of the table decibel levels as signal level will permit,

and the locations of their centres are averaged together to obtain beamwidth midpoinf{s for

h the

both |x and y. The intersection of lines perpendicular to scan lines and passing throug
midppints is the beam centrepoint.
Table K.1 — Decibel beamwidth levels for determining midpoints
Normalized Normalized Levels
Linear Linear dB
0,988 5 0,977 1 -0,100 6
0,95 0,902 5 -0,445 5
0,9 0,810 0 -0,915 1
0,85 0,722 5 -1,4116
0,8 0,640.0 -1,938 2
0,75 0,562 5 -2,498 8
0,7 0,490 0 -3,098 0
0,65 0,422 5 -3,7417
0,6 0,360 0 -4,437 0
0,55 0,302 5 -5,192 7
0,5 0,250 0 -6,020 6
0,45 0,202 5 -6,935 7
0,4 0,160 0 -7,958 8
0,35 0,122 5 -9,118 6
0,3 0,090 0 -10,457 6
0,25 0,062 5 -12,041 2
0,2 0,040 0 -13,979 4
0,15 0,022 5 -16,478 2
0,1 0,010 0 -20,000 0
0,05 0,002 5 -26,020 6

5 The beamwidth midpoint method is adapted from an approach developed by TNO, Prevention and Health, Leiden,

the Netherlands.
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Partie 1: Mesurage et caractérisation des champs ultrasoniques médicaux
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8)

9)

AVANT-PROPOS

La|] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour objet de
fayoriser la coopération internationale pour toutes les questions de normalisation dans les domaines de
I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internationales,

dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au(public (PAS)
Gyides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des,comités d'étud

trgvaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis
internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC{ participent égaleme
travaux. L’'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selo
copditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mes
popgsible, un accord international sur les sujets étudiés, étant donné que les(Comités nationaux de I'lEC inté
soht représentés dans chaque comité d’études.

Lep Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les efforts~raisonnables sont entrepris afin qug
s'dssure de I'exactitude du contenu technique de ses publicatiens; I'lEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en est faite’par un quelconque utilisateur final.

Dgns le but d'encourager I'uniformité internationale, les ‘Comités nationaux de I'lEC s'engagent, dans td
mesure possible, a appliquer de fagon transparente les, Rublications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquéesen-termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation.de conformité. Des organismes de certification indépe
fouyrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
copformité de I'lEC. L’IEC n'est responsabled'aucun des services effectués par les organismes de certifi
indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.

Audcune responsabilité ne doit étreNimputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
y ¢ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice causé en’cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit, directe.ownindirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
défoulant de la publication*ou de I'utilisation de cette Publication de I'l[EC ou de toute autre Publication de]
oulau crédit qui lui est accordé.

L'qttention est attirée sur les références normatives citées dans cette publication. L'utilisation de public
référencées estobligatoire pour une application correcte de la présente publication.

L’gttention-estattirée sur le fait que certains des éléments de la présente Publication de I'l[EC peuvent faire
de| droits"de*brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels drg
brevets:
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Cette deuxieme édition annule et remplace la premiére édition parue en 2007 ainsi que
I’Amendement 1:2013. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I’édition
précédente.

a) La limite supérieure de fréquence de 40 MHz a été supprimée.

b) Les définitions de la sensibilité des hydrophones ont été modifiées pour considérer les

sensibilités comme des grandeurs a valeurs complexes.
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c) Les modes opératoires et les exigences concernant I'approximation a bande étroite et les
mesurages a large bande ont été modifiés; des informations détaillées sur la déconvolution
des formes d’onde ont été ajoutés.

d) Les modes opératoires de correction de la moyenne spatiale ont été modifiés.

e) L’Annexe D, I'Annexe E et la Bibliographie ont été mises a jour pour tenir compte des
modifications apportées aux parties normatives.

Le texte de cette Norme internationale est issu des documents suivants:
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INTRODUCTION

Le présent document a pour principal objet de définir différents parameétres acoustiques qui
peuvent étre utilisés pour préciser et caractériser les champs ultrasoniques qui se propagent
dans les liquides et, en particulier, dans I'eau, a I'aide d'hydrophones. Les modes opératoires
de mesure présentés peuvent étre utilisés pour déterminer ces parameétres. Les normes de
mesure liées a des appareils spécifiques (IEC 61689, IEC 61157, IEC 61847 ou IEC 62359, par
exemple) peuvent se rapporter au présent document pour des parameétres acoustiques
appropriés. Quelques méthodes de mesure supplémentaires des parameétres et indices
atténués sont décrites dans I'[EC 62359 pour répondre aux besoins spécifiques de
caractérisation des émissions acoustiques des appareils de diagnostic a ultrasons
confgrmément a I'lEC 60601-2-37.

La philosophie sur laquelle repose le présent document porte sur la spécification“du champ
acouptique en matiére de parameétres de pression acoustique, cette derniére étant la pringipale
grandleur de mesure lorsque des hydrophones sont utilisés pour caractériserde_champ.

Les paramétres d’intensité sont spécifiés dans le présent document’\ Cependant, ils|sont
cons|dérés comme des grandeurs dérivées qui sont significatives uniguement dans le cadfe de
certaines hypothéses liées au champ ultrasonique mesuré.
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ULTRASONS - HYDROPHONES -

Partie 1: Mesurage et caractérisation des champs ultrasoniques médicaux

1 Domaine d'application

La présente partie de I'lEC 62127 spécifie les méthodes d'utilisation des hydrophones
étalonnés qui permettent de mesurer, dans des liquides, les champs acoustiques généré{ par

des pppareils médicaux a ultrasons, y compris les critéres de largeur de bande gt les
exiggnces de plage de fréquences d’étalonnage en fonction du contenu spectral des{champs a
caragtériser.

Le présent document:

— dgfinit un groupe de paramétres acoustiques qui peuvent étre mesurés sur une |base
hysiquement sonore;

Efinit un second groupe de parametres qui peuvent étre déduits;’dans le cadre de certaines
ypothéses, de ces mesurages et appelés parameétres d'infensité dérivés;

p
d
h
— dgfinit un mode opératoire de mesure qui peut étre utilisé pour déterminer les paramgtres
de pression acoustique;
d

Efinit les conditions dans lesquelles les mesurages des paramétres acoustiques pedivent
re réalisés a I'aide d'hydrophones étalonnés;

é
— dgfinit les modes opératoires de correctionj.-dans le cas de limitations provoquées$ par
I"itilisation d'hydrophones a largeur de bande finie et de taille d'élément actif finie, [ainsi
gle les modes opératoires d’estimation des incertitudes correspondantes.

NOTE[1 Tout au long du présent document, lexsystéme international d'unités (Sl) est utilisé. Dans la spécification
de ceftains paramétres (les surfaces du faisceau ou les intensités, par exemple), il peut étre utile d'utiliser des
multipjes ou sous-multiples décimaux. Parexemple, la surface du faisceau est susceptible d’étre exprimée gn cm?2
et les fintensités en W/cm? ou mW/cm?,

NOTE|2 L'hydrophone, tel qu'il est)défini, peut étre de type piézoélectrique ou optique.
2 Références normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou partie
de lgur contenu; des exigences du présent document. Pour les références datées, seule
I’éditlon citée.s’applique. Pour les références non datées, la derniére édition du documept de
référence-s'applique (y compris les éventuels amendements).

+—Acoustigue—sous=rarine = Hydrophones = Etatonmage des hydrophones —

IEC 66565-1
1: Procédures d'étalonnage en champ libre des hydrophones

Partie

IEC 61689, Ultrasons — Systemes de physiothérapie — Spécifications des champs et méthodes
de mesure dans la gamme de fréquences de 0,5 MHz a 5 MHz

IEC 62127-2, Ultrasons — Hydrophones — Partie 2: Etalonnage des champs ultrasoniques
jusqu’a 40 MHz

IEC 62127-3, Ultrasons — Hydrophones — Partie 3: Propriétés des hydrophones pour les
champs ultrasoniques jusqu’a 40 MHz

IEC 63009, Ultrasons — Systemes de physiothérapie — Spécifications des champs et méthodes
de mesure dans la plage de fréquences de 20 kHz a 500 kHz
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ISO 16269-6, Interprétation statistique des données — Partie 6: Détermination des intervalles
statistiques de dispersion

ISO/IEC Guide 98-3:2008, Incertitude de mesure — Partie 3: Guide pour l'expression de
'incertitude de mesure (GUM:1995)

3 Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC 62127-2, de
I'NEC 62127-3, ainsi que les suivants s’appliquent.

L'ISQ et I'lEC tiennent a jour des bases de données terminologiques destinées a étre.util{sées
en ngrmalisation, consultables aux adresses suivantes:

o |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e 130 Online browsing platform: disponible a I'adresse http://www.iso.orgtobp

3.1
forme d'onde des impulsions acoustiques
form¢ d’onde temporelle de la pression acoustique instantanée’en une position spécifiée
d’'un thamp acoustique, présentée sur une période suffisammentlongue pour inclure toutgs les
indications acoustiques significatives dans une impulsion, uné salve d’impulsions ou yn ou
plusigurs cycles d’'une onde entretenue

Note 1 a l'article: La forme d’onde temporelle est une représentation (par exemple, présentation par oscillgdscope
ou éqyiation) de la pression acoustique instantanée.

3.2
périgde acoustique de répétition
arp
périgde de répétition des impulsions” des systémes explorateurs non automatiques et
périgde de répétition d'exploration ‘des systémes explorateurs automatiques, égales a
I'intefvalle de temps entre les points correspondants des cycles consécutifs des systénes a
ondep entretenues

Note 1 a l'article: La période acoustique de répétition est exprimée en secondes (s).

3.3
fréquence d’application acoustique
fréquence acoustique

fréguence d’un/sighal acoustique fondée sur I'observation de la sortie d’'un hydrophone placé
dans|un chatmp“acoustique a la position correspondant a la pression acoustique a la ¢réte
spatiale etstemporelle

Note 1 _awl’article: Le signal est analysé a I'aide de la technigue de la fréquence d'application acoustigue de
passage a zéro ou de la méthode d'exploration du spectre. Les fréquences d’application acoustique sont définies
en 3.3.1, 3.3.2, 3.3.3, 3.3.4 et 3.3.5.

Note 2 a l'article: Dans un certain nombre de cas, la présente définition n'est pas trés utile ou pratique,
particulierement pour les transducteurs a large bande. Dans ce cas, il est prévu une description compléte du
spectre de fréquences afin de permettre une correction en fonction de la fréquence par rapport au signal.

Note 3 a l'article: La fréquence acoustique est exprimée en hertz (Hz).
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3.3.1

fréquence d'application acoustique de passage a zéro

fawf

nombre, n, de demi-périodes consécutives (indépendamment de la polarité) divisé par deux fois
le temps qui s’écoule entre le début de la premiére demi-période et la fin de n-ieme demi-
période

Note 1 a l'article: Il est prévu qu’aucune des n demi-périodes consécutives ne présente un changement de phase
évident.

Note 2 a l'article: Les mesurages sont réalisés, dans le récepteur, aux bornes qui sont le plus proche possible du
transducteur de réception (hydrophone) et, dans tous les cas, avant redressement.

Note 3 a l'article: Cette fréquence est déterminée conformément a la procédure spécifiée dans I'lEC TR 608b4.

Note 4 a I'article: Cette fréquence est destinée aux systémes a ondes entretenues uniquement.

3.3.2
fréquence d'application acoustique, moyenne arithmétique

f awf

moygnne arithmétique des fréquences les plus largement séparées f1 et f,, dans la plage de
trois [fois /1, a laquelle le niveau du spectre de la pression acoustigue est inférieur de 3 B au
nivegu de créte

Note 1 a l'article: Cette fréquence est destinée aux systémes a ondes pulsees uniquement.

Note 3 a l'article: Par hypothése f; < f,.

Note 3 a l'article: Si f, ne se situe pas dans la plage < 3f;, f,xéelle doit étre considérée comme la fréquence la plus
basse|au-dessus de cette plage a laquelle le niveau du spectre est de -3 dB du niveau de créte.

3.3.3
fréquence d'application acoustique par.amplitude pondérée

fawf
fréquence pondérée avec 'amplitude du spectre de la pression acoustique dans la plage de
fréguences dans laquelle le niveau-de la pression spectrale est supérieur ou égal a 3 dB en
desspus du niveau de créte

[A2ES )|or [P(f) isiLp(/)2maxLp(f)~3dB

=NS 77 P(f) =

fawf ‘[|£(f)| dr avec |—(f)| 0 sinon (1)
ou

f estda.fréquence du spectre de la pression acoustique;

[P(H)|| <€st’le module du spectre a valeurs complexes de la forme d’onde des impuljions

12(f)

ref

Lp(f) estle niveau de pression spectral obtenu a partir de Lp(f)=20logqq dB avec P4

=1 Pa.

Note 1 a l'article: Cette fréquence est destinée aux systémes a ondes pulsées uniquement.

Note 2 a l'article: Les intégrales dans la formule (1) sont définies, elles sont a prendre en considération du minimum
au maximum du spectre du signal acquis.

Note 3 a I'article: La limitation a la plage de niveaux de pression supérieurs ou égaux a -3 dB du niveau de créte
doit éviter I'influence des fréquences harmoniques supérieures sur la fréquence d’application acoustique.

Note 4 a I'article: La définition 3.3.3 conduit a des résultats de fréquence d’application acoustique plus stables
que la définition 3.3.2 lorsque des crétes existent dans le spectre de la pression acoustique proche du seuil de -
3 dB. Ceci est particulierement pertinent pour la détermination des parametres de champ, de valeur assignée réduite,
comme cela est exigé dans I'lEC 62359 en utilisant un seul facteur de réduction de valeur assignée en fonction de
la fréquence d’application acoustique.
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3.34

fréquence acoustique d'impulsion de créte

Jp

fréquence d'application acoustique de I'impulsion avec la plus large pression acoustique
négative de créte mesurée au point de la pression acoustique négative de créte maximale

3.3.5

fréquence acoustique a moyenne temporelle

St

fréquence d'application acoustique du spectre de pression acoustique de moyenne
temp i ' 2 i i ité dérivé enne

temporelle maximale

3.4
axe 3zimutal
axe formé par lintersection du plan azimutal avec le plan d'ouverturé ‘de la squrce
(mesurage) ou avec le plan d'ouverture du transducteur (conception)

VOIR: Figure 1

[SOURCE: I[EC 61828:2020, 3.7]

IEC

Légende

1 plan de la surface du transducteur externe 7 plan azimutal, plan d'exploration
2 plan d’ouverture de la source 8 plan longitudinal principal

3 ouverture source 9 plan longitudinal

4 plan de la surface du faisceau 10 X, axe azimutal

5 lignes de largeur de faisceau 11 Y, axe d'élévation

6 plan d'élévation 12 Z, axe du faisceau

[SOURCE: IEC 61828:2020]

Figure 1 — Schéma représentant les différents plans et différentes lignes
d'un champ ultrasonique
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3.5
plan

azimutal

plan contenant I’axe du faisceau et la ligne de la largeur a mi-créte minimale

VOIR: Figure 1

Note 1

Note 2 a l'article:

a l'article: Pour un réseau de transducteurs ultrasoniques, il s’agit d’'un plan d’imagerie.

plan contenant I'axe du faisceau.

[SOURCE: IEC 61828:2020, 3.8]

Pour un transducteur ultrasonique unique a symétrie sphérique ou circulaire, il s’agit de tout

3.6
large
BW
diffen
press
acou

Note 1

3.7

surfd
Ap 6
zone
auxq
de la

Note 1
la vald

Note 2
rempl

a) da
re

b) si

ur de bande
ence dans les fréquences les plus séparées f1 et /2 a laquelle le niveau. du'spectre
stique

a l'article: La largeur de bande est exprimée en hertz (Hz).

ce du faisceau

b 20

d’un plan particulier perpendiculaire a I'axe du faisceau composé de tous les p
Lels I'intégrale de pression d'impulsion au carré)est supérieure a une fraction spé
valeur maximale de I'intégrale de pression d'impulsion au carré dudit plan

a l'article: Si la position du plan n’est pas spécifiée, il s’agit du plan qui passe par le point correspon
ur maximale de l'intégrale de pression d'impulSion au carré dans la totalité du champ acoustique.

cée partout dans la définition ci-dessus parune grandeur associée de maniére linéaire, par exemple:

hs le cas d'un signal a ondes entretenues, I'expression intégrale de pression d'impulsion au car]
nplacée par la pression acoustique meyenne au carré telle que définie dans I'lEC 61689,

a synchronisation du signal ave¢.¢adre de balayage n’est pas disponible, I’expression intégrale de preg

d’impulsion au carré peut étré remplacée par l'intensité dérivée de la moyenne temporelle.

Note J
respe

Note 4

3.8

a l'article: Certaines_fractions spécifiées sont 0,25 et 0,01 pour les surfaces de faisceau -6 dB et -
tivement.

a l'article: Latsurface du faisceau est exprimée en unités de métre carré (m2).

axe du faisceau

ligne
la dr
centr

droite;'qui passe par les points centraux du faisceau de deux plans perpendiculai
bife’ associant le point de I'intégrale de pression d'impulsion au carré maximu

de la

ion acoustique devient inférieur a 3 dB au niveau de créte, en un point-spécifié du champ

oints
Cifice

Hant a

a l'article: Dans un certain nombre de casy I'expression intégrale de pression d'impulsion au carnré est

ré est

ssion

P0 dB,

res a
m au

edetotrverturedutransducteurexterne

VOIR: Figure 1

Note 1 a l'article:

L’emplacement du premier plan est celui du plan qui contient I'intégrale de pression d'impulsion

au carré maximum, ou, alternativement, celui qui contient un seul lobe principal qui se trouve dans la zone
Fraunhofer focale. L’emplacement du second plan est, dans la mesure du possible, issu du premier plan et paralléle
au premier avec les deux mémes lignes d'exploration orthogonales (axes x et y) utilisées pour le premier plan.

Note 2 a l'article:

remplacée dans la définition ci-dessus par une grandeur associée de maniére linéaire, par exemple:

Dans un certain nombre de cas, I'expression intégrale de pression d'impulsion au carré est

a) dans le cas d’un signal a ondes entretenues, I'’expression intégrale de pression d'impulsion au carré est
remplacée par la pression acoustique moyenne au carré telle que définie dans I'lEC 61689,

b) sila synchronisation du signal avec cadre de balayage n’est pas disponible, I’expression intégrale de pression

d’i

mpulsion au carré peut étre remplacée par I'intensité dérivée de la moyenne temporelle.
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3.9

point central du faisceau

position déterminée par l'intersection de deux lignes dans le méme plan de la surface du
faisceau xy passant par les points médians de largeur de faisceau des deux plans
orthogonaux, xz et yz, perpendiculaires a leurs lignes de largeur de faisceau respectives

[SOURCE: IEC 61828:2020, 3.15, modifiée — Dans la définition, les expressions "dans le méme
plan de la surface du faisceau x)" et ", perpendiculaires a leurs lignes de largeur de faisceau
respectives" ont été ajoutées.]

3.10
point médian de largeur de faisceau
moygnne linéaire de la position des centres de largeur de faisceau dans un plan

Note 1 a I'article: La méthode du point médian de largeur de faisceau est décrite a I’Annexe K-

Note 3 a l'article: La moyenne est déterminée avec autant de niveaux de largeur de faisceau donnés dpns le
Tableau K.1 que le permet le niveau du signal.

[SOURCE: IEC 61828:2020, 3.22, modifiée — La Note 1 a I'article initiale a été remplacég par
de nguvelles Notes a l'article.]

3.11
larggur de faisceau
We: W12, W20

distaphce la plus importante entre deux points d’'un axe spécifié perpendiculaire a I'axie du
faisgeau, dans laquelle I'intégrale de pression d'impulsion au carré est inférieure a sa vpleur
maximale sur I'axe spécifié par une quantité donnée

Note 1 a l'article: Dans un certain nombre de cas, |'eéxpression intégrale de pression d'impulsion au canré est
rempldcée dans la définition ci-dessus par une grandeur associée de maniére linéaire, par exemple:

a) daps le cas d’un signal a ondes entretenue$, I'expression intégrale de pression d'impulsion au carfé est
remplacée par la pression acoustique moyenne au carré telle que définie dans I'lEC 61689,

b) si|a synchronisation du signal avec cadre’de balayage n’est pas disponible, I’expression intégrale de prgssion
d’impulsion au carré peut étre remplacee par l'intensité dérivée de la moyenne temporelle.

Note 4 a l'article: Les largeurs de faisceau communément utilisées sont spécifiées a des niveaux —6 dB, {12 dB
et —2Q) dB en dessous de la valeur maximale. Le calcul de décibel implique I'utilisation de 10 fois le logarithnje des
rappofts des intégrales.

Note 3 a I'article: La largeur de faisceau est exprimée en metres (m).

3.12
trangducteur-alarge bande
transducteur.gqui génére une impulsion acoustique dont la largeur de bande est supériepre a
la frqquence d'application acoustique

3.13
ligne d'exploration centrale

<pour les systémes explorateurs automatiques> ligne d'exploration ultrasonique la plus
proche de I'axe de symétrie du plan d'exploration

3.14

intensité instantanée dérivée

quotient de la pression acoustique instantanée au carré et impédance acoustique
caractéristique du milieu a un instant donné a un point donné d'un champ acoustique

2
1w = 2O° 2)
pc
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ou
p(?)
p

Cc

Note 1 a l'article:

est la pression acoustique instantanée;
est la densité du milieu;

est la vitesse du son dans le milieu

instantanée dérivée est une approximation de I'intensité instantanée.

Note 2 a l'article:

Pour les besoins des mesurages auxquels fait référence le présent document, l'intensité

Il est prévu de prendre en compte l'incertitude augmentée pour les mesurages tres proches du

transducteur.

Note 3 a l'article: L'intensité instantanée dérivée est exprimée en unités de watt par métre carré (W/m?3):

3.15

balayage diamétral de faisceau

ensemble de mesurages de la tension de sortie de 'hydrophone réalisés lors du déplacement
de 'Rydrophone dans une ligne droite qui passe par un point de 'axe du faisceau et dang une
direction perpendiculaire a I'axe du faisceau

Note 1 a l'article: Le balayage diamétral de faisceau peut étre étendu a différentes distances sur I'un ou |'autre
des cQtés de I'axe du faisceau.

3.16

distance z,

Zy

distapce le long de I'axe du faisceau entre le plan qui contient la pression acoustique de
raréfiaction de créte et I'ouverture du transducteur externe

Note 1 a l'article: La distance z, est exprimée en métres/(m).

3.17

distance z.

Zc

distapce le long de I'axe du faisceau entre le plan qui contient la pression acoustique de
compression de créte et I'ouverture du transducteur externe

Note 1 a l'article: La distance s, est exprimée en métres (m).

3.18

distgnce z,,;

prsi

distaphce le-long de l'axe du faisceau entre le plan qui contient l'intégrale de presgsion

d'im

pulsion au carré maximum et l'ouverture du transducteur externe

Note 1

3.19

a l'article: La distance z

.est exprimée en métres (m).
ppst

distance zg¢,

Zspta

distance le long de I'axe du faisceau entre le plan qui contient l'intensité dérivée de moyenne
temporelle de créte spatiale et I'ouverture du transducteur externe

Note 1

Note 2 a l'article: La distance z

a l'article: En pratique, cette distance est égale a celle de Zppsi.

spta est exprimée en metres (m).
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3.20

taille efficace de I’hydrophone

ah

dimension d’'un hydrophone de récepteur théorique qui comporte une fonction de réponse
directionnelle prévue a angle d’ouverture égal a I'angle d’ouverture observé

Note 1 a [larticle: D’une maniére générale, la taille dépend de la fréquence. Pour obtenir des données
expérimentales représentatives, voir [1].

Note 2 a l'article: La taille efficace de I’hydrophone est exprimée en métres (m).

Note 3 a l'article: Pour les hydrophones de géométrie circulaire, la taille efficace de I’hydrophone est un rayon.

Note 4 a I'article: Pour les hydrophones de géométrie rectangulaire, la taille efficace de I’hydrophone estilamoitié
de la yaleur la plus élevée de la longueur ou de la largeur.

[SOURCE: IEC 62127-3:2007, 3.2, modifiée — Dans le terme, "rayon" a été remplacé’par "taille".
Dang la définition, I'expression "rayon d’un hydrophone de récepteur a disque”tendu" a été
remplacée par "dimension d'un hydrophone de récepteur théorique". Les.'NOTES onf été
rempflacées.]

3.21
rayoh efficace d’un transducteur ultrasonique sans focalisation
at
rayon d’un transducteur ultrasonique semblable a un piston a disque parfait qui présente une
distripution de la pression acoustique axiale prévue pratiguement équivalente a celle obsgrvée
sur une distance axiale tant que le dernier maximum axial au moins n’est pas passé

Note {1 a l'article: Le rayon efficace d’un transducteur ultrasonique sans focalisation est exprimé en meétres

(m).

3.22
impédance de charge électrique
Z
impédance d’entrée électrique complexe (composée d’une partie réelle et d’une partie
imag|naire) a laquelle le cable de sortie de 'hydrophone est ou est destiné a étre connec¢té

Note 1 a 'article: L'impédance de charge électrique est exprimée en ohms (Q).

[SOURCE: IEC 62127-3:2007, 3.3, modifiée — Dans la définition, "la sortie de 'hydrophone ou
de I'ensemble d’hydrophones est connectée ou convient d’étre connectée" a été remplacé
par "|le cable de sortie’ de 'hydrophone est ou est destiné a étre connecté".]

3.23
axe d'élévation
droit¢ comprise dans le plan d’ouverture de la source (mesurage) ou dans le |plan
d'ouverture du transducteur (conception) et perpendiculaire a I'axe azimutal et a I’a)qe du
faisceau

VOIR: Figure 1
[SOURCE: IEC 61828:2020, 3.48 modifiée — Les Notes a I'article initiales ont été omises.]

3.24
plan d'élévation
plan longitudinal contenant I'axe d'élévation

VOIR: Figure 1

[SOURCE: IEC 61828:2020, 3.49, modifiece — Les mots "et l'axe du faisceau" ont été
supprimés puisqu’ils sont déja compris dans la définition de plan longitudinal.]
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3.25

sensibilité en bout de cable

M (f)

<d'un hydrophone ou d'un ensemble d'hydrophones> quotient de la transformée de Fourier
du signal tension-temps de I'hydrophone F(u (¢)) a I'extrémité de tout cable intégré ou

connecteur de sortie d'un hydrophone ou d'un ensemble d'hydrophones, lorsqu'il est
connecté a une impédance de charge électrique spécifiée, et de la transformée de Fourier

F(p(r)) de la forme d'onde des impulsions acoustiques dans le champ libre non perturbé
d'une onde plane a la position du centre de référence de I'hydrophone si I'hydrophone a été

retiré

Note
en uni
entre

3.26

niveau de sensibilité en bout de cable

)

LML(
<d’uf

quotient du module de la sensibilité en bout de cable [)/ (f)| et d’'une sensibilité de réfer

M,

ref

Note

Note 2

3.27

senslibilité enircuit ouvert en bout de cable

M(f)
<d’uf
ouve

a l'article: La sensibilité en bout de cable est un parameétre a valeurs compjlexes. Son module est e

a tension électrique et la pression acoustique.

hydrophone ou d’'un ensemble d’hydrophones> vingt fois le logarithme en base 1

" 0l0g. (/)
Ly, (f)_20log1oM—dB

ref

a l'article: Les valeurs couramment utilisées de la sensibilité de référence M, sont 1 V/pPa ou 1 V/H

a l'article: Le niveau, de sensibilité en bout de cable est exprimé en décibels (dB).

hydrophone> quotient de la transformée de Fourier du signal tension-temps en ¢
rtde lI'hydrophone F(u.()) a I'extrémité de tout cable intégré ou connecteur de sortie

3)

primé

és de volts par pascal (V/Pa). Son angle de phase est exprimé en degrés et représente la différence de jphase

0 du

ence

(4)

ircuit
d'un

hydrophone et de la transformée de Fourier F(p(¢)) de la forme d'onde des impulsions

acoustiques dans le champ libre non perturbé d’'une onde plane a la position du centre de
référence de I’hydrophone si I'hydrophone a été retiré

Note 1 a l'article:

(%)

La sensibilité en circuit-ouvert en bout de cable est un paramétre a valeurs complexes. Son

module est exprimé en unités de volts par pascal (V/Pa). Son angle de phase est exprimé en degrés et représente
la différence de phase entre la tension électrique et la pression acoustique.
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3.28

surface du transducteur externe

ouverture du transducteur externe

partie de la surface d'un transducteur ultrasonique ou d’un groupe d'éléments
transducteurs ultrasoniques émettant un rayonnement ultrasonore dans le milieu de
propagation

VOIR: Figure 1

Note 1 a I'article: Cette surface est réputée accessible pour procéder aux mesurages a l'aide d'un hydrophone dans
le milieu de propagation choisi (en général, de I'eau).

Note 34 a I'article: Cette surface est en contact direct avec le patient ou avec un chemin constitué d'eau ou de liquide
menait au patient.

[SOURCE: I[EC 61828:2020, 3.52]

3.29
plan|de la surface du transducteur externe

plan|de I'ouverture du transducteur externe
plan prthogonal a I'axe du faisceau non défléchi ou a I'axe de symétrie'du plan azimutal d'un
scanpeur automatique, et physiquement adjacent au transducteur ultrasonique et|a la
surface du transducteur externe

VOIR: Figure 2

Note 1 a 'article: Si le transducteur ultrasonique est plat, le plan\est coplanaire avec la surface de rayonngment
du trapsducteur ultrasonique. S'il est concave, le plan touche(la périphérie de la surface de rayonnement. $'il est
conveke, le plan est tangent au centre de la surface de rayonnement au point de contact.

[SOYRCE: IEC 61828:2020, 3.53]

3.30
champ lointain
région du champ dans laquelle z > z3 ést alignée sur I'axe de faisceau pour des transducteurs

plang sans focalisation

Note 1 a l'article: Dans le champ Jlointain, la pression acoustique apparait comme sphériquement divefgente
depuig un point situé sur ou a proximité de la surface rayonnante. Ainsi, la pression produite par la source acoujstique
est a peu prés inversement proportionnelle a la distance depuis la source.

Note 4 a l'article: Le térme "champ lointain" est utilisé dans le présent document uniquement dans le qas de
transducteurs sans fogalisation. Pour les transducteurs a focalisation, une terminologie différente s'appligye aux
différgntes parties dusehamp émis (voir IEC 61828).

Note 3 a I'article._/ Si la forme de I'ouverture du transducteur génére plusieurs distances de transition, la distance
la plug éloignée du transducteur est utilisée.

3.31
rayon geometrique de I’hydrophone
a
g
rayon défini par les dimensions de I’élément actif d’'un hydrophone

Note 1 a l'article: Le rayon géométrique de I’hydrophone est exprimé en métres (m).

[SOURCE: IEC 62127-3:2007, 3.8]

3.32

hydrophone

transducteur qui produit des signaux électriques en réponse aux variations de pression dans
'eau

Note 1 a I'article: Il s'agit principalement d'un dispositif passif congu et fabriqué pour répondre a la pression
acoustique.
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Note 2 a I'article: Dans certaines applications, il sert de dispositif actif pour I'émission du son.

[SOURCE:IEC 60050-801:2021, 801-32-26]

3.33
ensemble d’hydrophones
combinaison d’'un hydrophone et d’'un préamplificateur d’hydrophone

[SOURCE: IEC 62127-3:2007, 3.10]

3.34

préamplificateur de I’hydrophone
dispgsitif électronique actif connecté ou a connecter a un hydrophone particulier et permettant
de ré&duire son impédance de sortie

Note 1 a l'article: Le préamplificateur de I’hydrophone requiert une/des tension(s) d’alimeptation.

Note 3 a I'article: Le préamplificateur de I’hydrophone peut faire I'objet d’'un facteur de transmission de la t¢nsion
direct¢ inférieur a un, c’est-a-dire qu’il ne s’agit pas nécessairement d’'un amplificateur-de, tension stricto sengu.

[SOURCE: IEC 62127-3:2007, 3.12]

3.35
pression acoustique instantanée
p(t)
presgion a un instant et un point donnés dans un champ acoustique, diminuée de la prefsion
ambipnte

Note 1 a I'article: La pression acoustique instantanée est-exprimée en pascals (Pa).

[SOYRCE: IEC 60050-802:2011, 802-01-03]

3.36
inter|sité instantanée
(1)
énerg@ie acoustique transmise par unité de temps dans la direction de propagation de I'londe
acouptique par unité de masse perpendiculaire a cette direction a un instant et un point dgnnés
dans|un champ acoustique

Note 1 a I'article: L’inténsité instantanée est le produit de la pression acoustique instantanée et de la \itesse
acousiique. |l est difficile“de mesurer I'intensité dans la plage de fréquences ultrasoniques. Pour les besoinps des
mesurages auxquelsifait référence le présent document et dans des conditions de distance suffisante de I'ouvgrture
du trgnsducteur_externe (au moins un diamétre de transducteur ou une dimension de transducteur équivplente
dans [le cas dlun transducteur non circulaire), I'intensité instantanée peut étre approchée par lintensité
instarjtanée.'dérivée.

Note 2 a¥atticle: L'intensité instantanée est exprimée en unités de watt par métre carré (W/m?2).

3.37

facteur de surface locale

Fa

racine carrée du quotient de la surface d'ouverture de la source sur la surface du faisceau

au point considéré
F, = 4/—‘4%;‘;“ (6)

Note 1 a I'article: La surface locale du faisceau correspondante, 4,, est celle pour laquelle la valeur de I'intégrale
de pression d'impulsion au carré est supérieure a 0,135 (c'est-a-dire, 1/e2) fois la valeur maximale dans la section.
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Note 2 a l'article: Si le profil du faisceau est approximativement gaussien a la distance a I'étude et si la surface du
faisceau au niveau de -6 dB, 4, ¢, est connue, la surface locale du faisceau peut étre calculée sous la forme 4, =

4, /0,69: (0,69 = 3In(10)/10): £ 0.694sner

.6

[SOURCE: IEC TS 61949:2007, 3.11 modifiée — "ouverture source" a été remplacée par
"surface d'ouverture de la source"; la formule du cas général a été ajoutée; la deuxiéme phrase
de la définition originale a été déplacée en Note 1 a I'article; la troisiéeme phrase de la définition
originale a été transformée en Note 2 a I'article et fournit plus de précisions et le symbole de la
surface du faisceau a -6 dB a été modifié pour étre conforme a I'Article 4.]

3.38
parameétre de déformation locale
%q
indice permettant de prévoir la déformation non linéaire d'un ultrason pour un“transduc¢teur
ultrasonique

2n fous B 1
0q=iPm— 3 = (7)
q m 3
p-c Fy
ou
z est la distance axiale du point pris en considération a la face du transducteur;

Pm est la pression acoustique de créte moyenne au point du champ acoustique
correspondant a la pression acoustiqueé.ala créte spatiale et temporelle;

B est le paramétre non linéaire (f = 1 +Bf24 = 3,5 pour 'eau douce a 20 °C);
Jfawi | estlafréquence d’application acoustique;

F est le facteur de surface locale:

a

Note 1 a l'article: Si le systeme d’émission comprend une colonne interne qui utilise un milieu de propagdtion a
base {’eau ou équivalent a I'’eau, la’distance de décalage entre I'’élément transducteur et la face du transdpcteur
augmegnte la longueur réelle du trajet.»a prendre en considération. La distance nominale entre I'intersection d¢ I'axe
du faisceau avec le cristal et la face du transducteur peut étre utilisée.

[SOURCE: IEC TS 61949:2007, 3.12, modifiée — Le texte de la définition a été modifié
cons|dérablement, toutefois la formule reste inchangée; la Note 1 a 'article a été ajoutée]]

3.39
plan{longitudinal
plan défini par I'axe du faisceau et un axe orthogonal spécifié

VOIR: Figurp 1

3.40

pression acoustique de créte moyenne

Pm

moyenne arithmétique de la pression acoustique de raréfaction de créte et de la pression
acoustique de compression de créte

Note 1 a I'article: La pression acoustique de créte moyenne est exprimée en pascals (Pa).

[SOURCE: IEC TS 61949:2007, 3.13, modifiée — La Note 1 a l'article a été ajoutée.]
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3.41

champ proche
région du champ dans laquelle z < zrest alignée sur I'axe de faisceau pour des transducteurs

plans sans focalisation

Note 1 a I'article:

Dans le cas des transducteurs circulaires plans, il se trouve a une distance inférieure a Aob/n/,

ou Aob est la surface du faisceau de sortie et 1 la longueur d'onde de I'ultrason qui correspond a la fréquence
acoustique.

Note 2 a I'article:

la plus proche du transducteur est utilisée.

3.42
nom

"pps

Si la forme de I'ouverture du transducteur génére plusieurs distances de transition, la distance

pbre d'impulsions par ligne d'exploration ultrasonique

nombre d'impulsions acoustiques se propageant le long d'une ligne .d'exploration
ultrasonique particuliere

Note
axe d

a l'article: Icila ligne d'exploration ultrasonique se référe au parcours des impulsions acoustiques
u faisceau particulier en modes explorateurs et non explorateurs.

Note 3 a I'article: Ce nombre peut étre utilisé dans le calcul de toute valeur moyenne temporelle des ultraso
des mesures de I'hydrophone.

Note 3 & I'article: L'exemple suivant représente le nombre d'impulsions-parligne d'exploration ultrasoni
le nombre de lignes d'exploration ultrasoniques (représente la fin de la salve):

123
112
111
112
les im

Note 4 a I'article: Dans une salve, toutes les lignes\d'exploration n'ont peut-étre pas la méme valeur n
Parejemple: 122334;122334;...avgn

l;1234;1234...npps=1;nsl=4

P 3344;,11223344; ...npps=2;nsl=4

222233334444;1111222233334444; ...npps=4;nsl=4

P 33441 11222333444;11223344111222333444;...npps=5;nsl=4(dansunesa
bulsions descendent a chaque ligne sans étre contiglies)

pps’

N5/ 1,5; max Mops = 2; ny = 4

[SOURCE: IEC 61157:2007/AMD1%2013, 3.45 modifiée — Le quatriéme exemple de la Not
I’artigle a été corrigé et le dernier.exemple a été transformé en Note 4 a I'article.]

Bur un

ns par

fjue et

e 3a

3.43

nombre de lignes d'exploration ultrasonique

g

quanfité de lignes d‘exploration ultrasonique excitées pendant une période de répétition
d'exploration

Note 1 a l'article: Ce nombre peut étre utilisé dans le calcul des valeurs moyennes temporelles des modes
explofrateursypar des mesurages de I'hydrophone.

[SOURCEIEC 64157:2007/AMD1:2013, 3.46]

3.44

distance de décalage

d

offset

distance entre le plan d'ouverture de la source et le plan de la surface du transducteur
externe, mesurée le long de I'axe du faisceau

VOIR: Figure 2

Note 1 a l'article: La distance de décalage est exprimée en métres (m).

[SOURCE: IEC 61828:2020, 3.90]
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3.45
mode opératoire
mode de fonctionnement d’'un systéme

3.451
mode opératoire combiné
mode opératoire qui combine plusieurs modes opératoires discrets

Note 1 a l'article: Le mode B en temps réel combiné avec mode M (B+M), le mode B en temps réel combiné avec
Doppler pulsé (B+D), le mode M couleur (cM), le mode B en temps réel combiné avec mode M et Doppler pulsé
(B+M+D) le mode B en temps réel combme avec Doppler a tragage de deroulement en temps reel (B+rD), c’est- é-

mode opératoire des appareils de diagnostic médical a ultrasons dans lequel I'objectif de
I’excitation du transducteur ultrasonique ou du groupe d’éléments transducfeurs
ultrasoniques est d'appliquer seulement une méthodologie de diagnostic

Note 1 a 'article: Le mode A (A), le mode M (M), le mode B statique (sB), le made B en temps réel (B), le Dpppler
a ondgs entretenues (cwD), le Doppler pulsé (D), le tragage de déroulement statique (sD) et le Doppler a tragage de
déroulement en temps réel (rD) qui utilise seulement un type d’impulsion/aceustique sont autant d’exemp|es de
modef opératoires discrets.

3.453
modée inclusif
mode opératoire combiné dont les niveaux de puiséance acoustique (p, et Ispta) sont inférnjieurs

a ceyx qui correspondent a un mode opératoire.discret

3.454
modé non explorateur
mode opératoire qui implique une séquence d’impulsions ultrasoniques donnant lieu 3 des
ligngs d'exploration ultrasonique qui suivent le méme parcours acoustique

3.45.

mode explorateur
mode opératoire qui implique une séquence d’impulsions ultrasoniques donnant lieu 3 des
ligngs d'exploration ultrasonique qui ne suivent pas le méme parcours acoustique

3.46

surface du faisceau de sortie
Aob

surface du\faisceau acoustique dérivée de la surface du faisceau a -12 dB au nivegu de
'ouvierfure du transducteur externe

Note 1 a l'article: Pour des raisons d’exactitude de mesure, la surface du faisceau de sortie a —12 dB découle de
mesurages réalisés a une distance aussi proche que possible de la face du transducteur et, dans la mesure du
possible, pas plus de 1 mm de la face.

Note 2 a I'article: Pour les transducteurs a contact, cette surface peut étre prise comme la surface géométrique du
transducteur ultrasonique ou d’'un groupe d'éléments transducteurs ultrasoniques.

Note 3 & I'article: La surface du faisceau de sortie est exprimée en unités de métre carré (m?).

3.47

dimensions du faisceau de sortie

Xob’Yob

dimensions du faisceau acoustique (largeur de faisceau—12 dB) dans les directions spécifiées
perpendiculaires l'une par rapport a l'autre et perpendiculaire a 'axe du faisceau et a
'ouverture du transducteur externe
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Note 1 a l'article: Pour des raisons d’exactitude de mesure, les dimensions du faisceau de sortie a —12 dB
découlent de mesurages réalisés a une distance aussi proche que possible de la face du transducteur et, dans la
mesure du possible, pas plus de 1 mm de la face.

Note 2 a l'article: Pour les transducteurs a contact, ces dimensions peuvent étre prises comme les dimensions
géometriques du transducteur ultrasonique ou d’'un groupe d'éléments transducteurs ultrasoniques.

Note 3 a l'article: Les dimensions du faisceau de sortie sont exprimées en metres (m).

3.48
intensité du faisceau de sortie

I
ob
sortie d'énergie moyenne temporelle divisée par |la surface du faisceau de sortie

Note 1 a l'article: L'intensité du faisceau de sortie est exprimée en unités de watt par métre carré (Whm?).

3.49
pression acoustique de créte
pc (ol py) ou p, (ou p_)

presgion acoustique de compression de créte ou pression acoustique de raréfactign de
créte

Note 1 a I'article: La pression acoustique de créte est exprimée en pascals~(Pa).

3.50
pression acoustique de compression de créte
pc (b py)

pression acoustique instantanée positive maximatendans un champ acoustique ou un|plan
spécffié lors d'une période acoustique de répétition

Note 1 a l'article: La pression acoustique de compression de créte est exprimée en pascals (Pa).

Note 3 a l'article: La définition de la pression acoustique de compression de créte s’applique également a la
pressipn acoustique positive de créte utilisée dans,tous les ouvrages de référence.

3.51
pres‘fion acoustique de raréfaction de créte
pr (OU p_)

maximum du module de la_pression acoustique instantanée négative dans un champ
acouptique ou dans un plan‘spécifié pendant la période acoustique de répétition

Note 1 a l'article: La pression acoustique de raréfaction de créte est exprimée en utilisant un nombre posit|f pour
la valgur numérique.

Note 4 a l'article>~La pression acoustique de raréfaction de créte est exprimée en pascals (Pa).

Note 3 a l'article: La définition de la pression acoustique de raréfaction de créte s’applique également a la
pressipns/acedstique négative de créte utilisée dans tous les ouvrages de référence.

3.52
plan longitudinal principal

plan contenant I'axe du faisceau et deux points qui définissent la largeur de faisceau -6 dB
minimale

VOIR: Figure 1

Note 1 a l'article: Le choix de cet axe est arbitraire pour un transducteur a symétrie circulaire.

Note 2 a I'article: En présence d'un trou au centre d'un transducteur HITU, dans lequel se trouve un transducteur
d'imagerie de diagnostic, cet axe est aligné sur I'axe azimutal du transducteur d'imagerie.

Note 3 a l'article: Pour les transducteurs ultrasoniques rectangulaires, il s'agit du plan paralléle a leur cété le
plus long.
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[SOURCE: IEC 61828:2020, 3.110 modifiee — La référence au transducteur HITU a été
supprimée de la Note 1 a I'article.]

3.53

intensité moyenne de I'impulsion

Iha

quotient de l'intégrale d'intensité d'impulsion sur la durée d'impulsion en un point particulier
d'un champ acoustique

Note 1 a I'article: Cette définition concerne les impulsions et les salves.

Note 4 a l'article: L'intensité moyenne de I'impulsion est exprimée en unités de watt par métre carré (Win?).

3.54
durép d’impulsion
lg
1,25 fois l'intervalle entre l'instant auquel l'intégrale de temps du carré |de la pregsion
acoustique instantanée atteint 10 % et 90 % de sa valeur finale

VOIR: Figure 4

Note 1 a I'article: La valeur finale de l'intégrale de temps du carré de la pression acoustique instantange est
I'intédrale de pression d'impulsion au carré.

Note 4 a l'article: La durée d’impulsion est exprimée en secondes (s)-

3.55
intédrale d'intensité d'impulsion
pii
intégrale de temps de l'intensité instantanée, en un point particulier d'un champ acoustique
intégré a la forme d'onde des impulsions acoustique

Note 1 a l'article: Pour les besoins des mesufrages auxquels fait référence le présent document, l'int¢grale
d'intepsité d'impulsion est proportionnelle a l'intégrale de pression d'impulsion au carré.

Note 4 a l'article: L’intégrale d'intensité d'‘impulsion est exprimée en unités de joule par métre carré (J/m?).

3.56
intédrale de pression d'impulsion au carré
ppsi
intégrale de temps du(carré de la pression acoustique instantanée a un point particulier|dans
un champ acoustique jintégré sur la forme d'onde des impulsions acoustique

Note 1 a larticlel\(I”’intégrale de pression d'impulsion au carré est exprimée en unités de pascal au| carré
seconfes (Pa3s).

3.57
périqdede répétition des impulsions
prop

intervalle de temps entre deux impulsions successives ou giclées de tonalité d’'impulsions qui
comprend un mode opératoire discret

Note 1 a l'article: La période de répétition des impulsions est exprimée en secondes (s).
3.58

régime de répétition des impulsions

prr
inverse de la période de répétition des impulsions

Note 1 a I'article: Le régime de répétition des impulsions est exprimé en hertz (Hz).
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3.59

centre de référence

<d’un hydrophone> point situé sur, a l'intérieur ou au voisinage d’'un hydrophone, autour
duquel ses caractéristiques électro-acoustiques sont définies

Note 1 a I'article: Sauf indication contraire, le centre de référence correspond souvent au centre géométrique d’un
élément actif de ’hydrophone.

[SOURCE: IEC 60500:2017, 3.26, modifié¢e — Le contexte <d’'un hydrophone> et le terme
"élément actif" dans la Note 1 a [l'article ont été ajoutés. Dans la définition, le mot
"géomeétriques" a été supprimé.]

3.60
pression acoustique efficace

PRMS
valeyr efficace de la pression acoustique instantanée en un point denné du champ
acouptique

Note 1 a I'article: Sauf spécification contraire, il convient de prendre la moyenne sur un nombre entier de péfiodes
acoustiques de répétition.

Note 4 a l'article: La pression acoustique efficace est exprimée en pascals_(Pa)!

3.61
surface d'exploration
AS
<pouy les systémes explorateurs automatiques> surface d'un plan (ou d'une surface) spécifié(e)
composée de tous les points de la surface du faisceau qui passent par la surface au cours de
I'exploration

Note 1 a l'article: La forme du plan (ou de la surface) spécifié(e) est identique a celle de l'ouvertufe du
transducteur externe.

Note 2 a l'article: La surface d’exploration est'exprimée en unités de métre carré (m2).

3.62
plan|d'exploration
<pour les systémes explorateurs automatiques> plan qui contient toutes les lignes
d'exploration ultrasonique

Note 1 a l'article: Certains-systémes explorateurs offrent la possibilité d’orienter le faisceau ultrasonique dan$ deux
directions. Dans ce cas,“aucun plan d'exploration ne satisfait a cette définition. Néanmoins, il peut étre ufile de
considérer qu’un plan-qui passe par le grand axe de symétrie du transducteur ultrasonique et perpendiculaife a la
face du transductéur<(ou a un autre plan adapté) est équivalent au plan d'exploration.

3.63
périqde de répétition des explorations
srp
<pour les systémes explorateurs automatiques a séquence périodique d’exploration> intervalle
de temps entre des points identiques sur deux explorations, secteurs ou images successifs

Note 1 a I'article: En général, le présent document part du principe qu’une ligne d'exploration se répéte exactement
apres un certain nombre d’'impulsions acoustiques. Si un transducteur ultrasonique ou un groupe d'éléments
transducteurs ultrasoniques émet des ultrasons sans séquence de répétition, il n’est pas possible de caractériser
un mode explorateur de la maniére décrite dans le présent document. L'approche décrite a I'Annexe F peut étre utile
lorsque la synchronisation ne peut étre obtenue.

Note 2 a l'article: La période de répétition des explorations est exprimée en secondes (s).

3.64

régime de répétition des explorations

Srr

inverse de la période de répétition des explorations
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Note 1 a l'article: Le régime de répétition des explorations est exprimé en hertz (Hz).

3.65

surface d'ouverture de la source Agp.s

surface d'ouverture équivalente pour un transducteur ultrasonique de caractéristiques
inconnues, mesurée comme la surface dans le contour de l'intégrale de pression d'impulsion
au carré a —20 dB dans le plan de mesure le plus proche possible (plan d”ouverture de la
source) de I'ouverture du transducteur externe

VOIR: Figure 2

a6 o2 d g araméire de
q lorsq écalage significatif entre le crist ace_avant en
raison|d’une colonne interne.

Note _article- a5
déforiation locale o

Note 4 a I'article: La surface d'ouverture de la source est exprimée en unités de métre carré (m2).

Longueur focale de Plan longitudinal
largeur de faisceau principal

Plan|d’ouverture du Ouverture /‘—7 /

transfucteur externe de la source
Foyer de(largeur de faisceau /
A

rofondeur de champ "

Largeur d’ouverture
de la source

o

—Contour de faisceau -6 dB

Axe du faisceau

Distance de / T— /
décalage Largeur de faisceau T __
—6 dB minimale

min

Ligne focale de largeur de faisceau IEC

[SOURCE: IEC 61828:2020]

Figure 2 — Ouvertures et plans différents pour
un transducteur de géométrie inconnue

3.66
plan|d’ouverture de la source
plan desmesurage le plus proche possible du plan de la surface du transducteur exterhe et
perpg¢ndiculaire a I'axe du faisceau

VOIR: Figure 2

Note 1 a I'article: Si la distance de décalage est nulle, le plan d'ouverture de la source peut coincider avec le
plan d'ouverture du transducteur externe.

[SOURCE: IEC 61828:2020, 3.135]

3.67
largeur d’ouverture source

Lsp
<dans un plan longitudinal spécifié> plus grande largeur de faisceau —20 dB le long de la
ligne d’intersection entre le plan longitudinal désigné et le plan d’ouverture de la source

VOIR: Figure 2
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Note 1 a I'article: S'il s'agit d'un transducteur a symétrie circulaire, un balayage de ligne radial est suffisan
déterminer la largeur.

Note 2 a l'article: Si le transducteur HITU comporte un trou en son centre, le début et la fin des points -20
la largeur sont mesurés et notés par rapport au centre.

Note 3 a l'article: La largeur d’ouverture source est exprimée en métres (m).

t pour

dB de

[SOURCE: IEC 61828: 2020, 2020, 3.136 modifiée — La référence au transducteur HITU a été
supp

rimée de la Note 1 a l'article.]

interjsité moyenne de l'impulsion d'un transducteur ultrasonique ou groupe d’élém

Note

ducteurs ultrasoniques moyennée sur la surface du faisceau pour le transdug
onique ou le groupe d'éléments transducteurs ultrasoniques particulier

a l'article: Une salve est également considérée comme une impulsion.

Note 4 a l'article: L'intensité moyenne de I'impulsion de moyenne spatiale est exprimée en unités de w

métre

3.69

carré (W/m2).

interjsité dérivée de moyenne temporelle de moyenne spatiale

I

sata

égale¢ a l'intensité dérivée de moyenne temporelle obienue par calcul de la moyenne 3
surfgce d'exploration ou la surface du faisceau, selon le cas

ents
cteur

htt par

ur la

Note {1 a l'article: L'intensité dérivée de moyenne temporelle de moyenne spatiale est exprimée en unifés de
watt ppr métre carré (W/m?2).

3.70

interjsité dérivée de la moyenne d'impulsions de créte spatiale

Isppa

valeyr maximale de lintensité ‘dérivée de la moyenne d'impulsions dans un champ
acouptique ou dans un plan spécifié

Note 1 a l'article: L'intensité dérivee de la moyenne d'impulsions de créte spatiale est exprimée en unifés de
watt ppr métre carré (W/m?2).

3.7

pression acoustique efficace a la créte spatiale

Pspr

valeyr maximale de la pression acoustique efficace dans un champ acoustique ou dans un
plan gpécifié

Note 1€

3.72

intensité dérivée de moyenne temporelle de créte spatiale

Ispta

valeur maximale de I'intensité dérivée de la moyenne temporelle dans un champ acoustique
ou dans un plan spécifié

Note 1 a l'article: Pour les systéemes en mode opératoire combiné, I'intervalle de temps sur lequel la mo
temporelle est suffisante pour inclure toute période pendant laquelle I'exploration n’a pas lieu.

Note 2 a l'article:

par métre carré (W/m?2).

yenne

L'intensité dérivée de moyenne temporelle de créte spatiale est exprimée en unités de watt
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3.73

pression acoustique a la créte spatiale et temporelle

Psptp

valeur supérieure de la pression acoustique de compression de créte et de la pression
acoustique de raréfaction de créte

Note 1 a l'article: La pression acoustique a la créte spatiale et temporelle est exprimée en pascals (Pa).

3.74
intensité a la créte spatiale et temporelle
Isptp
valedr maximale de l'intensité a la crete temporelle dans un champ acoustique ou danfs un
plan gpécifié

Note 1 a l'article: L'intensité a la créte spatiale et temporelle est exprimée en unités de watt par métre| carré
(W/m3).

3.75
interjsité dérivée de la moyenne temporelle
Ita
moygnne temporelle de l'intensité instantanée en un point (@articulier dans un champ
acouptique

Note 1 a l'article: La moyenne temporelle est prise sur un nombre entief’de périodes acoustiques de répétition.

Note 3 a I'article: En principe, l'intensité dérivée de la moyenne-temporelle est une moyenne temporelle calculée
sur ur] intervalle de temps relativement long. Pour les appareils)de/diagnostic médical a ultrasons en modejs non
explofateurs, la moyenne de l'intensité instantanée est calculée sur une ou plusieurs périodes de répétitign des
impulgions. Pour les appareils de diagnostic médical a ultrasens en modes explorateurs, la moyenne de I'intgnsité
instarjtanée est calculée sur une ou plusieurs périodes ‘de répétition d’exploration pour un mode opérptoire
spécifié.

Note 3 a l'article: L'intensité dérivée de la moyenne temporelle est exprimée en unités de watt par métrg carré
(W/m3).

3.76
pression acoustique a la créte.temporelle
ptp
valedr maximale du module~de la pression acoustique instantanée en un point parti¢ulier
d’'un champ acoustique,

Note 1 a l'article: La pression acoustique a la créte temporelle est exprimée en pascals (Pa).

3.77
interjsité a la créte temporelle
Iy
valeyr smaximale dans le temps de l'intensité instantanée en un point particulier dans un
chan p ar\mlefiqun

Note 1 & l'article: L'intensité a la créte temporelle est exprimée en unités de watt par métre carré (W/m2).

3.78
intensité moyenne temporelle

Ly, ays(1)
valeur variant dans le temps de l'intensité instantanée moyennée sur un intervalle de temps
d’une durée de At

t+At/2

IW,At/S(t):E I I(¢)dr (8)
t—At/2
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ou
1(2)
Atls
¢

Note 1

Note 2

est l'intensité instantanée;
est la valeur numérique de déplacement de l'intervalle de temps en secondes;
est la variable d'intégration.

a l'article: L’intensité moyenne temporelle variant dans le temps pendant un intervalle de temps de 20 s,
par exemple, est notée par [, ,,(?).

a l'article: L'intensité moyenne temporelle est exprimée en unités de watt par métre carré (W/m?).

3.79
surfg

ATp

ce d'ouverture du transducteur

surface active effective d'un transducteur ultrasonique dans le plan d'ouvertur¢ du

trangducteur

Note

[SOU

3.80
plan
plan

ultrasonique

VOIR

Note 1

transdlucteur ultrasonique. S'il est concave, le plan®touche la périphérie de la surface émettrice. S'il est co

le plat

[SOU

3.81
large€

Ltp
large
faisg

VOIR

Note

[sou

a l'article: La surface d'ouverture du transducteur est exprimée en métres carrés (m?2).

RCE: IEC 61828:2020, 3.145]

d'ouverture du transducteur
orthogonal a l'axe du faisceau non dirigé et physiqguement adjacent au transdug

: Figure 1

a l'article: Si le transducteur ultrasonique .est'plat, le plan est coplanaire avec la surface émettr|

est tangent au centre de la surface émettricezau point de contact.

RCE: IEC 61828:2020, 3.146]

ur d'ouverture du transducteur

cteur

ce du
vexe,

ur compléte de I'ouverture du transducteur selon un axe spécifié orthogonal a I'axe du

eau non dirigé al centre du transducteur
: Figure 3

a l'article:/ La largeur d'ouverture du transducteur est exprimée en metres (m).

RCE+IEC 61828:2020, 3.148 modifiée — Les mots "au centre du transducteur" or

t eté

ajout

£s.4 la définition.]
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Plan d’ouverture du transducteur

Surface |
de focalisation |
du transducteur |

Limite
géométrique
du faisceau

el

. Foyer
géométrique

Axe du faisceau

Distance du plan
/ d’ouverture du transducteur

Largeur d’ouperture du transducteur

-
-

1 £ r
. geo -—
!
[ Longueur focale
I géométrique
I Zone préfocale Zone focale Zone postfocale
- — -t g >

IEC

Le rayjon de courbure est D = D, + h.
[SOURCE: IEC 61828:2020]

Figure 3 — Parameétres pour la description d’un transducteur
focalisant de géométrie connue

3.82
ensemble de transducteur
ensemble de pieces de l'appareil)de diagnostic médical a ultrasons qui comporte le
trangducteur ultrasonique et/ou_le groupe d'éléments transducteurs ultrasoniques, |avec
tous Jes composants intégrés«(une lentille acoustique ou une colonne intégrée, par exemple)

Note 1 a l'article: L'’ensemble de transducteur peut généralement étre séparé du pupitre de I'appareil a
ultrasjons.

3.83
distance de transition

T
surfalce de<l*ouverture divisée par « fois la longueur d’onde effective 4

[SOURCE: IEC 61828:2020, 3.153 modifiée — L es mots "fois la longueur d’onde effectivd" ont
été ajoutés a la définition.]

3.83.1
distance de transition pour la conception

ZTD
<pour un plan longitudinal donné> surface d’ouverture du transducteur, A;,, du

transducteur ultrasonique divisée par n fois la longueur d’onde effective 4

ZTp < ATA/(TE/I) (9)
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Note 1 a I'article: Pour la conception, pour un transducteur ultrasonique sans apodisation a symétrie circulaire
par rapport a I'axe du faisceau, la surface d'ouverture de la source est naez, ou a, est le rayon effectif. La distance

de transition est donc z; = a,2/1.

Note 2 a I'article: Pour un transducteur a focalisation sphérique, la distance de transition est pratiquement la
méme, mais plus exactement, elle est zr = 202 (1,111,(G/D)2 )/,1 ou D est le rayon de courbure.

Note 3 a l'article: Pour la conception, pour un transducteur ultrasonique rectangulaire sans apodisation
présentant une largeur d'ouverture du transducteur, L;,,, dans un plan longitudinal spécifié, la surface effective
dans le plan est (LTA1)2. Par conséquent, pour ce plan, la distance de transition est z;, = (LTA1)2/(7r/1). La distance
de transition pour le plan longitudinal orthogonal incluant la deuxiéme largeur d'ouverture du transducteur est

2
Zyo = T AT

Note 4 a l'article: Pour les transducteurs a apodisation et a symétrie réguliere ou a fonction de pondération W
(normalisée pour une valeur maximale de 1 pour la distribution de vitesse de particule), les distances de tranjsition
sont cpmme suit.

Pour yn transducteur a symétrie circulaire ayant un rayon actif a:
2 a

zr = —jIW(r)rdr
+ 0

Pour 4n transducteur rectangulaire ayant une ouverture physique de longueur L dans un plan longitudinal donr|é, par
exemple xz:

n Li2
z; = (-—) I W (x)dx
i

Note 4 a I'article: Pour des formes symétriques autres que_les cas les plus courants de symétrie circulaire| et de
géometrie rectangulaire, la méme définition de distance-de'transition peut étre employée. Par exemple, popr des
ouverflures a symétrie n (n> 2) telles que des hexagones-ou octogones, la distance de transition dans un p|an de
symétfie perpendiculaire a un c6té est égale a la surface de I'ouverture divisée par (nl). Pour des réseaux annylaires
a plusjeurs anneaux, la surface équivalente est la.surface totale (de tous les anneaux) de I'ouverture active] Dans
les cap ou un phasage unique est employé, tels«glle pour un réseau annulaire a changements de phase alterngés (0°
ou 180°) et a focalisation dirigée ou dans les cas ou l'ouverture est de forme et de phasage inhabituels, un calcul de
diffragtion tridimensionnel est employé pour{déterminer la largeur de faisceau minimale correspondant a la diftance
de transition appropriée.

2

Note g a I'article: La distance de‘transition pour la conception est exprimée en métres (m).

[SOURCE: IEC 61828:2020, 3.153.1, modifiée — La Note 6 a I'article initiale été omise ici|]

3.832
distance de transition pour les mesurages

™
<pour unplan longitudinal donné> surface d’ouverture de la source, Agp.s du

trans[ducteur ultrasonique divisée par =« fois la longueur d’onde effective A

zrm = Aspefe (14) (10)

Note 1 a I'article: Pour les mesurages dans chaque plan longitudinal spécifié, la largeur d'ouverture de la source
dans ce plan est utilisée ot z;, = (LSM)Z/(M”). Dans I'autre plan orthogonal, z, = (LSAZ)Z/(M”).

Note 2 a I'article: La distance de transition pour les mesurages est exprimée en métres (m).

[SOURCE: IEC 61828:2020, 3.153.2]
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3.84

projecteur ultrasonore

ensemble comprenant un transducteur ultrasonique et les parties associées pour
application locale d'ultrasons a un patient

[SOURCE: IEC 60601-2-5:2009, 201.3.214, modifiée — Une note dans la définition origin
été supprimée.]

3.85
pupitre d'appareil a ultrasons
ensemble électronigue auquel 'ensemble de transducteur est associé

2022

une

ale a

3.86

ligng d'exploration ultrasonique

<pour les systémes explorateurs> axe du faisceau soit pour un groupe '‘d’élém
trangducteurs ultrasoniques particulier, soit pour une excitation particuliére
trangducteur ultrasonique ou d’un groupe d'éléments transducteurs ultrasoniques

Note 1 a l'article: Dans le présent document, une ligne d'exploration ultrasonique/se réféere au parcou
impuldions acoustiques et non a une ligne sur une image sur I’écran de visualisation d'un systeme.

Note 4 a I'article: En général, le présent document part du principe qu’une lighed'exploration se répéte exact
aprés|un certain nombre d’impulsions acoustiques. Si un transducteur ultrasonique ou un groupe d'élé
transdlucteurs ultrasoniques émet des ultrasons sans séquence de répétition, il n’est pas possible de carac
un mofde explorateur de la maniére décrite dans le présent document. L'approche décrite a I'Annexe F peut étr
lorsque la synchronisation ne peut étre obtenue.

Note 3 a l'article: Le cas dans lequel une seule excitation produit’des faisceaux acoustiques qui se propad
long de plusieurs axes de faisceau n’est pas pris en considération.

3.87
sépafration des lignes d'exploration ultrasonique

Ss

<pour les systemes explorateurs automatiques> distance entre les points d’intersection de
ligngs d'exploration ultrasonique consécutives du méme type et une ligne spécifiée du
d'exploration

ents
d’un

s des

ment
ents
ériser
e utile

ent le

deux
plan

Note 1 a larticle: Pour cette définition, il est pris pour hypothése que les lignes d'exploration ultrasonique

conséfutives sont adjacentes dupoint de vue spatial. Cela n’est pas vrai pour tous les types d'appareil d'explo

Note 4 a l'article: La séparation des lignes d'exploration ultrasonique est exprimée en métres (m).

3.88

transducteur ultrasonique

appa]'eil qui permet de convertir I'énergie électrique en énergie mécanique dans la plag
fréguences:-ulfrasonores et/ou, réciproquement, I’énergie mécanique en énergie électriqu

ation.

e de

D

3.89

élément de transducteur ultrasonique
élément d’un transducteur ultrasonique excité afin de produire un signal acoustique

3.90
groupe d'éléments transducteurs ultrasoniques

groupe d’éléments d’un transducteur ultrasonique excités simultanément afin de produire un

signal acoustique

3.91
dimensions du groupe d'éléments transducteurs ultrasoniques

dimensions de la surface du groupe d’éléments d’un transducteur ultrasonique, incluant la

distance entre les éléments et représentant donc les dimensions générales
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Note 1 a l'article: Les dimensions du groupe d'éléments transducteurs ultrasoniques sont exprimées en métres

(m).

3.92

incertitude

parameétre associé au résultat d’'un mesurage, qui caractérise la dispersion des valeurs qui
peuvent étre raisonnablement attribuées au mesurande

Note 1 a I'article: Voir ISO/IEC Guide 98-3:2008, 2.2.3.

4 Symboles

ap, taille efficace de I’hydrophone

aq rayon géométrique de I’hydrophone

ay rayon efficace d’'un transducteur ultrasonique sans focalisation
Amax rayon efficace maximal pour une application particuliére de hydrophone
arp période acoustique de répétition

Ap 6:4lb.20 surface du faisceau correspondant a une surface pour -6 dB et pour -20 4B
Ay surface géométrique d’un transducteur ultrasonique

Aop surface du faisceau de sortie

Ag surface d'exploration

Agpeff surface d'ouverture de la source

A1p surface d'ouverture du transducteur

BW largeur de bande

c vitesse du son dans le miligu (en principe de I'eau)

C capacité électrique en bout de cable d’'un hydrophone

Ce capacité d'entrée paralléle d'une charge électrique

dofsdt distance de décalage

Sawt fréquence acoustique, fréquence d'application acoustique

fp fréquence acoustique d'impulsion de créte

ft fréquence acoustique a moyenne temporelle

Fy facteur de surface locale

1 intensité instantanée

Iop intensité du faisceau de sortie

Isa intensité moyenne de I'impulsion

Isapa intensité moyenne de l'impulsion de moyenne spatiale

Igata intensité dérivée de moyenne temporelle de moyenne spatiale
Isppa intensité dérivée de la moyenne d'impulsions de créte spatiale
Iig intensité dérivée de la moyenne temporelle

Iy intensité a la créte temporelle

Ispta intensité dérivée de moyenne temporelle de créte spatiale
Isptp intensité a la créte spatiale et temporelle

Ty auls intensité moyenne temporelle


https://iecnorm.com/api/?name=5794a0b928e5889c0479b34303d9f739

- 136 - IEC 62127-1:2022 © IEC 2022
k 27/l
K, facteur de correction de la moyenne spatiale
Ly (1) niveau de sensibilité en bout de cable
Lp(f) niveau de pression spectral
LP(f) fonction de filtrage passe-bas
Ltp largeur d'ouverture du transducteur
Lgpa largeur d’ouverture source
M.(f) sensibilité en circuit ouvert en bout de cable
M, (f) sensibilité en bout de cable
Npps nombre d'impulsions par ligne d'exploration ultrasonique
ng| nombre de lignes d'exploration ultrasonique par image pour la répartition
spatiale
)4 pression acoustique instantanée
pii intégrale d'intensité d'impulsion
ppsi intégrale de pression d'impulsion au carré
Pm pression acoustique de créte moyenne
Ptp pression acoustique a la créte temporelle
prr régime de répétition des impulsions
prp période de répétition des impulsions
Pspr pression acoustique efficacea la créte spatiale
Psptp pression acoustique a lacréte spatiale et temporelle
PRMS pression acoustique.efficace
pc(pH) pression acoustique de compression de créte
prip_ pression acoustique de raréfaction de créte
P puissancelacoustique totale
Ppearh puissanee totale émise par une ligne d'exploration acoustique
Rpn guetient de la largeur de faisceau d'impulsions —6 dB sur le diamétre effica¢ce de
‘hydrophone
Sq séparation des lignes d'exploration ultrasonique
SIp période de répétition des explorations
srr régime de répétition des explorations
tq durée d'impulsion
UL () tension en bout de cable d’'un hydrophone
v vitesse acoustique instantanée
wg, W19, Woo largeur de faisceau (niveaux a -6 dB, —12 dB et —20 dB)
Xob:Yob dimensions du faisceau de sortie

z

Zc

prsi

distance entre un hydrophone et un transducteur ultrasonique

distance z,

distance 7, ;
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z, distance z,

Zspta distance zgp,

T distance de transition

Z1D distance de transition pour la conception

ZTM distance de transition pour les mesurages

Zy impédance de sortie électrique complexe d’'un hydrophone ou d’'un ensemble

d’hydrophones
Z impéd ‘o cl Sloctr

S parametre de non-linéarité

0 angle d’'incidence d’'une onde ultrasonore par rapport a 'axe de ’hydrophone
A longueur d'onde acoustique dans un liquide

p densité du milieu (en principe de I'eau)

q parameétre de déformation locale

10) (2nf,¢) fréquence circulaire

5 Exigences de mesure

5.1 Exigences relatives aux hydrophones et aux-amplificateurs
511 Avertissement

Pour|sélectionner un hydrophone et un amplificateur adaptés au type de mesure a réaliger, il
faut @assurer que les appareils sélectionnés<réepondent aux exigences ci-aprés. Les exiggnces
relatives aux performances de I'hydrophone décrites dans le présent article complétept ou
remplacent celles relatives aux hydrophones de I'lEC 62127-3.

5.1.2 Généralités

Le pfrésent document estimerqu'un hydrophone est un appareil qui répond aux dndes
acouptiques aquatiques, {voir IEV 801-32-26] de sorte que la tension de sortie| soit
proportionnelle a la pression acoustique. D'une maniére générale, cette relation dépend de la
fréquence et, par conséquent, si M| (f) est la sensibilité en bout de céble d'un hydrophone

(voir[3.25 et I'Annexe“C), la pression acoustique instantanée p(z) est liée a la tension en|bout
de cjble mesuréeru (¢) par

p() = F UG 1 M ()] (11)

ou
F1 indique la transformée de Fourier inverse;

U (f) estlerésultat de la transformée de Fourier de u (¢).

NOTE 1 Voir 5.1.7.2 et I'Annexe D pour mettre en ceuvre cette méthode.

NOTE 2 Pour des raisons de complétude mathématique, il est nécessaire d’inclure dans la formule (11) 'opérateur
de la partie réelle, Re, du cbté droit. Cependant, pour le type de spectres concernés ici, les données du domaine
temporel ne sont pas susceptibles de comprendre des composantes imaginaires, a I'exception d’un éventuel résidu
numérique constant. Re est donc omis dans cette formule dans I'’ensemble du document.
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Si I'hydrophone ou I'ensemble d'hydrophones satisfait aux exigences d'une approximation
de la bande étroite spécifiée en 5.1.7.1, la pression acoustique instantanée peut étre
déterminée par la formule (12):

p(e) = u () 1My (Fawf)] (12)

ou

|M| (fawe)l  estle module de la sensibilité en bout de cable de I'hydrophone a la fréquence
" Heati G :

5.1.3 Sensibilité d'un hydrophone

Si aucun préamplificateur d'hydrophone n'est utilisé, la sensibilité de I'hydrophone doit|faire
référence a la sensibilité en bout de cable et étre déterminée pour des conditions de charge
electrique particuliéres (voir 3.22).

Si un préamplificateur d'hydrophone est utilisé, la sensibilité den'hydrophone doit|faire
référence a la sensibilité en bout de cable qui est liée a l'ensemble d'hydrophpnes
partigulier.

NOTE|1 La méthode présentée dans I'lEC 62127-3 peut étre utilisée pour déterminer la sensibilité en bqut de
cable] en prenant pour hypothése que la sensibilité en circuit ouvert en bout de cable de I'hydrophone est
connug.

NOTE|2 Voir I'Article B.10 pour obtenir des exemples présentées sous forme de tableau des parametres de
spécif|cation.

5.1.4 Réponse directionnelle d'un hydrophone

La rgponse directionnelle de I'hydrophone.doit étre connue.

La symétrie de la réponse directionnelle doit étre conforme a I'lEC 62127-3.

NOTE| Il existe deux raisons de connaitre la réponse directionnelle d'un hydrophone. En premier lieu, ellg peut
étre ngcessaire dans le cadre des(mades opératoires de caractérisation du champ décrits a I'Annexe B, auqug¢l cas,
il est hécessaire de connaitre la reponse directionnelle a la fréquence d'application acoustique approprige. En
seconf lieu, la réponse directiannelle permet de déduire la taille efficace de I'hydrophone.

5.1.5 Taille efficace de I’hydrophone

La taille efficace’de I'hydrophone doit étre connue et déterminée en suivant la méthode
décrite dans ("EC 62127-3.

5.1.6 Choix de la taille de I'élément actif d'un hydrophone

5.1.6.1 Généralités

Le choix de la taille efficace de I'hydrophone pour une application particuliere doit étre
déterminée en considérant ce qui suit.

Dans l'idéal, il convient que la taille efficace de I'élément soit inférieure ou comparable a un
quart de la longueur d'onde acoustique, de sorte que les variations de phase et d'amplitude ne
participent pas de maniére significative aux incertitudes de mesure.
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Compte tenu du large éventail des types de transducteur ultrasonique, il n'est pas possible
d'établir une relation simple entre la taille optimale de I'élément efficace de I'hydrophone et
les parameétres tels que la dimension du transducteur ultrasonique, la longueur d'onde
acoustique et la distance du transducteur ultrasonique. Toutefois, dans le champ lointain, il
est raisonnable d'assouplir le critére ci-dessus. Dans le cas des transducteurs ultrasoniques
circulaires, le critére ci-dessous peut étre utilisé comme référence pour déterminer le rayon
efficace maximal a5, de I'élément actif d'un hydrophone. a,,,, est donné par la formule (13):

A 1/2
Amax =8—a1(12+a12) (13)

ou
a4 ept le rayon efficace du transducteur ultrasonique;
/
/A eptlalongueur d'onde acoustique correspondant a la fréquence d'application acoustjque.

D

5t la distance entre I'hydrophone et la face du transducteur ultrasonique;

Voir [2]7 et [3].

Dang le cas d'un transducteur ultrasonique a focalisation, la‘rélation ci-dessus peut toujours
étre utilisée.

Dang le cas d'un transducteur ultrasonique a élément non circulaire, la relation ci-d¢ssus
peut [toujours étre utilisée en remplagant a4 patla moitié de la dimension maximale du

trangducteur ultrasonique ou la dimension maximale du groupe d'éléments transducfeurs
ultrasoniques.

Les ¢xigences liées a la taille de I'élément actif de I'hydrophone sont assouplies poyr les
mesyrages des champs ultrasoniques-genérés par les systémes de physiothérapie (voir 8(3.1).

Pour|obtenir des données expérimentales représentatives, voir [1].

5.1.6.2 Effet de la moyenne spatiale

L'exigence pratique_d'un rapport signal-bruit pertinent ou d'autres considérations pelivent
amener a utiliser un) hydrophone dont la taille d'un élément actif est supérieure a |celle
recommandée ci=dessus. Dans ce cas, il convient de faire attention lors de I'interprétation des
mesyrages, unvhydrophone piézoélectrique étant un détecteur sensible a la phase qui infégre
la pr¢ssion acoustique complexe a son élément actif.

Si I'hydrophone est translaté de la position de réception maximale du signal selon une dirgction
perp i i z i u et sur une distance egate—a ta taitte—efficacte de
I'hydrophone, il convient que le signal diminue de moins de 1 dB. Si ce n'est pas le cas, |l
convient de corriger la moyenne spatiale. Voir Annexe E.

Il est également possible d'améliorer les corrections en corrigeant la diffraction, voir [2], [3], [4],

[5].

L'effet de la moyenne spatiale peut également étre traité par déconvolution spatiale de
I'ouverture de I’hydrophone, comme cela est proposé dans [6], [7], [8]. Toutefois, dans des
cas pratiques, cette méthode peut poser des problémes de rapport signal-bruit.

1 Les chiffres entre crochets se référent a la Bibliographie.
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Pour les formes d’onde des impulsions acoustiques non linéaires a large bande, il convient
d’appliquer la méthode de filtrage spectral inverse (voir I’Article E.2) pour corriger la moyenne
spatiale.

5.1.7 Largeur de bande
5.1.71 Approximation de la bande étroite

Les approximations de la bande étroite doivent étre considérées comme appropriées lorsque
le paramétre de déformation locale est inférieur a 0,5 (voir 7.2.4).

Dangce cas, Il est suffisant de considerer la valeur de sensibilite a la frequence d application
acoustique comme représentative de la valeur de sensibilité a toutes les fréquences.a1*éfude.

NOTE|1 Lors du mesurage des signaux acoustiques a bande étroite, il est retenu par hypothése |que toutes les
compgsantes significatives de la fréquence a l'intérieur du signal se trouvent & des fréquences proches|de la
fréqueénce d'application acoustique. Dans ce cas, |la sensibilité en bout de cable de I'hydrophone varie geu.

NOTE|2 L'hypothése de simplification donnée ci-dessus peut également étre utilisée lors du mesurage des champs
acousfiques a contenu fréquentiel plus large, a condition que la sensibilité en bout de cable de I'hnydrophdne ne
présefte que des variations limitées sur la plage de fréquences nécessaires a la representation précise du [signal
acousjique.

Si la|valeur du parameétre de déformation locale est supérieure’a 0,5 (voir 7.2.4), le niyveau
de sensibilité en bout de cable de I'hydrophone ou de I'ensemble d'hydrophones doit yarier
de mpins de +3 dB sur la plage de fréquences (f) allant d’'unejoctave au-dessous a trois octaves
au-d¢ssus de la fréquence d'application acoustique, dans laquelle le point de référence|0 dB
se trpuve a la fréquence d'application acoustique, ;¢ En d'autres termes, pour

fawf/2 SfS8fan (14)

Ly (fo) _ g < Lo (1) <l (o) 4 5 4 (15)

M, (1)
M

ref

\Y
ot L[, (f)=20log,, dBet M :1P—.
a

NOTE|3 Une explicationjscientifique justifie I'utilisation d'une plage étendue f, /16< /< 8f . (c'est-a-dife, de
quatrd octaves au-dessous a trois octaves au-dessus de f, ) sur la base de [9] et [10] (voir également I'Anneke A).

Toutefois, les donnéés d’étalonnage de I'hydrophone déterminées expérimentalement ne sont disponibles qug pour
une largeur de'bande limitée, par exemple de 1 MHz a 100 MHz. Pour apprécier si I'approximation a bande gtroite
au molyen des.formules (14) et (15) est appropriée, I’extrapolation de la réponse en fréquence de ’hydrophong peut
étre appliguée comme méthode alternative conformément aux spécifications de 5.1.7.2.2 y compris les Notes [l, 2 et
rmes,
e, au

maximum en dessous de la moitié de la fréquence d’application acoustique vers zéro et au-dessus de la plus
petite des fréquences suivantes: quatre fois la fréquence d’application acoustique et 100 MHz vers la fréquence
Nyquist fNyquiS‘, par exemple pour 0 < f<f, /2 et pour min [4 f_ . 100 MHZz] <foNyquist. Des informations détaillées

sur les considérations relatives a une extrapolation appropriée sont disponibles en D.4.2.

Si les exigences liées a I'approximation a bande étroite ne sont pas satisfaites, la méthode de
mesure a large bande spécifiée en 5.1.7.2 doit étre appliquée.

Si la méthode de mesure a large bande de 5.1.7.2 est mise en ceuvre dans le systéme de
mesure, elle peut étre utilisée pour toutes les situations y compris celles couvertes par les
exigences d’approximation a bande étroite.

Les mesurages effectués conformément aux exigences de la premiére édition de I'lEC 62127-
1 peuvent avoir pris en considération les contributions en fréquence a hauteur de 40 MHz
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seulement. Les exigences modifiées de la présente seconde édition n’impliquent pas que ces
mesurages antérieurs doivent étre répétés dans le cadre des mesurages de la sortie des
appareils qui ont déja été caractérisés conformément a la premiére édition. Au besoin, I'erreur
systématique de la largeur de bande limitée peut dans ces cas étre attribuée a une contribution
d’incertitude supplémentaire.

NOTE 4 Voir 8.2.4 pour des considérations spécifiques a I’appareil de diagnostic a faible émission acoustique.
5.1.7.2 Mesurages a large bande

5.1.7.21 Généralités

Si leg exigences liées a I'approximation a bande étroite ne peuvent étre satisfaites, l'incertitude
des mesurages peut devenir beaucoup trop importante a cause de la largeur de bande Iiritée
de I'lydrophone et de la variation de la sensibilité de 'hydrophone dépendant de la'fréqué¢nce.
La conversion de la tension en pression doit alors étre effectuée a l'aide de laysensibilifé de
I'hydrophone dépendant de la fréquence et du contenu fréquentiel de la forme d’ond¢ des
impulsions acoustiques. La méthode de mesure fondée sur la déconvpolution de la forme
d’onde acquise avec la réponse de I'hydrophone, telle que décritg ici en 5.1.7.2 |et a
I’Annexe D, produit des résultats plus exacts. Pour effectuer la déconvolution, les aspects
spécffiques du traitement des données d’étalonnage de [I'hydrophone, du filtrage de
régullarisation des spectres du signal et de la détermination de I'incertitude doivent étrg pris
en cqonsidération selon le 5.1.7.2.2, le 5.1.7.2.3 etle 5.1.7.2.4,

5.1.7.2.2 Largeur de bande de déconvolution

L’application de la formule (11) pour déterminer la forme d’onde des impulsions acoustigues
exigg la division complexe du spectre de tension ‘U (f) par la sensibilité M| (f). Pour [cette

opération, les ensembles de données doivent correspondre, c’est-a-dire que lI'incrément de
fréthence et la plage de fréquences des deuxspectres doivent étre identiques. L'incrément de
fréquence de U, (f) dépend de la longueur de'la forme d’onde des impulsions acoustijues

acqu|se (y compris I'ajout de zéros, le casiéchéant) et la plage de fréquences s’étend der? ala
fréguence Nyquist associée a la (fréquence d’échantillonnage utilisée. Les données
d’étajonnage d’hydrophone, ¥ (f), obtenues expérimentalement peuvent toutefois fournif des
incréments et des plages de fréquences différents. Si nécessaire, les données d’étalonhage
peuvent étre interpolées entreldés points de données de sensibilité consécutifs disponibles|pour
’hydrophone (voir AnnexelD). S’il y a lieu, I'extrapolation de M, (f) peut étre utilisée |pour
couvfir les fréquences f hors de la plage d’étalonnage disponible, au maximum en dessolis de
la mgitié de la fréquence d’application acoustique vers zéro et au-dessus de la plus ;I:etite
des fféquences suivantes: quatre fois la fréquence d’application acoustique et 100 MHZ vers
la fré§quence Nyquist{fNyquist, par exemple pour 0 < f'< f,,.+2 et pour min [4 f,,+ 100 MHZz| <f'<
INyqulst- Des_infermations détaillées sur les considérations relatives a une extrapolation

appropriée sont disponibles en D.4.2.

NOTE| 1. La limite inférieure maximale de 100 MHz pour I’extrapolation a des fréquences supérieures a |celles
exigéds—si-dessus—ropose—sur'hypothésed'unedisponibilité decertificats—d stalonnage—dehydropheneHisqu’a
100 MHz au moment de la publication du présent document. Si seule une limite supérieure minimale est disponible
a cette période de publication, une telle limite peut étre utilisée pour des raisons pratiques.

NOTE 2 Des techniques d’étalonnage par impulsions secondaires ont été développées [11],[12] et peuvent étre
appliquées par l'utilisateur d’hydrophone pour déterminer la sensibilité de chaque hydrophone dans les plages de
fréquences dans lesquelles le service d’étalonnage n’est pas disponible. Les mémes techniques peuvent étre
utilisées, en général, pour extrapoler les données d’étalonnage de I’hydrophone, et pour vérifier la conformité a
I'approximation a bande étroite par les formules (14) et (15).

NOTE 3 Pour certains types d’hydrophones, la variation de la sensibilit¢é a une fréquence plus élevée peut
éventuellement étre estimée a partir des données d’étalonnage obtenues a des fréquences plus basses. Par
exemple, au-dessus de la fréquence de résonance d’'un hydrophone a membrane, la sensibilité est susceptible de
suivre une tendance prévisible. Dans de tels cas, la prévision de la sensibilité peut étre utilisée a la place des
mesurages directs tant que l'incertitude de la prévision est prise en compte, sur la base de mesurages d’étalonnage
d’hydrophones similaires dans toute la plage de fréquences dans lesquelles la prévision est utilisée.
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5.1.7.2.3 Régularisation

D’un point de vue mathématique, la déconvolution est un probléme inverse mal posé, qui dans
le domaine temporel discret entraine un probléme d’estimation mal traité [13], [14]. Par
exemple, a trés haute fréquence, le signal acquis de 'hydrophone peut encore comporter une
certaine contribution de bruit, mais la sensibilité peut étre proche de zéro. La formule (11)
conduit alors a un impact important de ce bruit dans la déconvolution; voir ’Annexe D pour un
exemple de forme d’onde. Pour obtenir des formes d’onde avec un bruit global acceptable, il
est généralement nécessaire de procéder a un filtrage passe-bas approprié, ce qui réduit
également I'apparition d’oscillations de Gibbs. En incluant une telle régularisation, la
formule (11) est alors étendue vers

(1) :f-(gurﬁ‘j“f’} (16)

ou LP(f) désigne la fonction de filtrage passe-bas a valeurs complexes, Différentes fondtions
de filfrage peuvent étre utilisées pour la déconvolution des signaux de,I’hydrophone [14],|[15],
[16],([17], [18], [19], [20], [21]. Etant donné que tout filtrage passe-bas induit une limitation
supp|émentaire de la largeur de bande et donc éventuellement.une réduction des partigs de
la pression de créte de la forme d’onde, la fréquence de coupure du filtre doit étre aussi grande
que pgossible tout en assurant une suppression du bruit suffisante pour obtenir des incertitudes
raisohnables pour les paramétres de la forme d’ondefka fréquence de coupure a -3 dB du
filtrage passe-bas doit étre supérieure ou égale@ 8 fois la fréquence d’application
acoustique f,,,; déterminée a partir du spectre de:pression sans filtrage passe-bas.

NOTE|1 Dans les situations de mesure ou la répétitionides impulsions est stable, la suppression du bruit alhaute
fréqugnce peut étre améliorée en augmentant la moyenne des signaux.

NOTE|2 En général, la réduction de la largeur de, bande des formes d’ondes ultrasonores déformées de faggn non
linéairfe par un filtrage passe-bas supplémentairera plus d’impact sur la pression de compression de créte que|sur la
pressipn de raréfaction de créte et les données d’intensité dérivées.

NOTE|3 Pour les formes d’onde a déformation non linéaire de grande amplitude des ultrasons thérapeutiqyes de
haute |intensité ou de la lithotritie comprenant jusqu’a 100 harmoniques, des fréquences de coupure plus élevées
que 8|fois la fréquence d’application acoustique sont nécessaires pour éviter la coupure des parties de la|forme
d’'ond¢ de compression de créte, ainsi que la contribution excessive systématique de lincertitude |[de la
réguldrisation. Les spécificatiohs sont fournies en 8.3.2.

NOTE|4 Un type de( filire numérique convenable pour de nombreuses applications revét la [forme
2
. if R . , ‘ , ‘
Q(f = 1+ —<|/s-avec etfg désignant la fréquence de coude a -6 dB. La fréquence de coude a -3 B est

{y
alors pproximativementfg /1,555 [17].

NOTE|5\ En principe, le choix du filtre de régularisation et de la fréquence de coupure peut étre effecué en
optimisant Tincertitude globale de Ta forme d onde déconvolutionnée, y compris les composantes de bruit et de
régularisation partiellement concurrentes [14].

NOTE 6 Parmiles paramétres acoustiques énumérés en 7.2.1, la pression acoustique de compression de créte
est la plus susceptible d’étre affectée par le choix du filtre de régularisation.

5.1.7.2.4 Estimation de I'incertitude de la méthode de mesure a large bande

En raison de I'application des transformées de Fourier et des transformées de Fourier inverses,
du filtrage de régularisation, ainsi que des données d’étalonnage a valeurs complexes de
I’hydrophone, I'estimation de l'incertitude de la méthode de mesure a large bande peut
sembler moins nette que dans d’autres situations. Cependant, une évaluation de I'incertitude
conformément au Guide pour I'expression de l'incertitude de mesure (ISO/IEC Guide 98-3 et
ISO/IEC Guide 98-3/Supplément 2 [22]) peut étre réalisée en utilisant des formules fermées
pour la propagation des incertitudes lorsque des transformées de Fourier discrétes et inverses
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sont appliquées et un outil logiciel libre GUM2DFT?2 est disponible [21]. Cette méthode permet,
par exemple, de propager dans le domaine temporel les incertitudes dépendant de la
fréquence et associées aux données d’étalonnage de 'hydrophone fournies pour le module et
la phase dans le domaine fréquentiel.

L’utilisation d’un filtrage numérique passe-bas supplémentaire pour régulariser le probléme de
déconvolution introduit une contribution d’incertitude supplémentaire dans le mode opératoire
de mesure et d’évaluation des données. L’'impact de I'erreur systématique induite peut étre
évalué quantitativement, par exemple, en prenant en considération dans le domaine fréquentiel
une fonction de limite supérieure continue pour le spectre d’amplitude de la pression, sur la
base d’'une approche simple de fonctions de base uniparamétriques. De méme, il peut I’étre en

intégrant d'autres connaissances prealables, telles que les composantes specfrales

décrgissant de facon monotone avec la fréquence prévue pour les formes d’onde
impulsions acoustiques a déformation non linéaire, et la signature type du brGit-a |

fréq

5.1.8

Il corn

La linf

5.1.9

5.1.9,

Les 4

5.1.9

Le g
exige

Le n
de 1(
repré
impo

Avec

Le bnuit spectral mesuré généré par I'ensemble d'hydrophones doit étre suffisamment f

pour
soit |

ence par rapport a la contribution du signal de forme d’onde [14].
Linéarité

vient d'étendre la réponse linéaire, telle que définie dans I'lEC 62127-3, a 5 MPa.

Amplificateur de signal de I'hydrophone
1 Généralités
mplificateurs d'hydrophone doivent satisfaire*aux exigences de performances suiva

.2 Exigences pour tous les amplificateurs

ain de l'amplificateur doit permeftre a I'ensemble d'hydrophones de satisfaireg
nces données en 5.1.7.

veau de sensibilité ne dait*pas varier de plus de 0,5 dB par incrément de fréqu
0 kHz dans la largeur(de bande indiquée. L'exigence peut étre vérifiée en utilisan
sentation appropriée de la réponse en fréquence qui permet de résoudre tous les d
tants de la dépendance de la fréquence.

un signal d'entrée dans la plage dynamique de 50 dB, la linéarité doit étre de +0,3 d

permettre de procéder aux mesurages avec un rapport signal-bruit adéquat, quelld
h fféquence dans la largeur de bande prise en considération.

des
aute

hite supérieure de la plage dynamique connue doit étre indiquée, en particulier si elle est
inférieure a 5 MPa.

ntes.

aux

ence
une
Btails

B.

aible
que

Les paramétres de performance suivants doivent étre précisés:

le gain en fonction de la fréquence;

(Z.) (voir 3.22) ou les composantes capacitives et résistives paralléles équivalentes;

ap

mpédance de sortie.

prouve ou recommande I'emploi exclusif du produit cité.

I'impédance d'entrée en fonction de la fréquence, les composantes réelles et imaginaires

Cette information est donnée a I'intention des utilisateurs du présent document et ne signifie nullement que I'lEC
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5.1.9.3 Exigences supplémentaires pour les amplificateurs différentiels

Les exigences relatives a l'impédance données ci-dessus doivent s'appliquer, sauf que
I'impédance est mesurée entre les deux entrées actives.

La réjection en mode commun doit étre de 40 dB au moins (par rapport a I'entrée) dans la plage
de fréquences d'une octave au-dessous a deux octaves au-dessus de f,+ Voir [23], [24].

5.1.10 Longueur du cable de I'hydrophone et amplificateurs

Un cable de raccordement de longueur et d'impédance caractéristique garantissant que la
résorrance électrique dans le cable de raccordement n'a aucun impact sur la largeur de ‘bande
définje de I'hydrophone ou de I'ensemble d'hydrophones doit étre choisi. Le cablg doit
également étre terminé de maniére appropriée.

Pour|réduire le plus possible I'effet de résonance dans le cable de raccordement, la longueur
du cable de I'hydrophone (en metres) doit étre nettement inférieure a 50/(f, i+ BWoq), Ol faws
est la fréquence d'application acoustique (en MHz) et BW,, la largetr‘de bande a —30 dB

(en MHz) du signal de I'hydrophone. Dans la plupart des cas, un cable < 15 cm de longueur
est ggnéralement utilisé (voir [25]).

NOTE[1 Une attention particuliére est accordée a la qualité de I'impédance‘de/sortie de I'hydrophone/amplificateur
par rapport a I'impédance d'entrée de I'appareil de mesure connecté.

NOTE|2 Les méthodes données a I’Annexe D peuvent étre utilisées.pour corriger les effets de la largeur de bande
finie de I'hydrophone/amplificateur sur les ondes qui font I'objét de déformation a partir de la propagatign non
linéaire.

5.2 | Exigences de positionnement et bains-marie
5.2.1 Généralités

Difféfents systemes peuvent étre utilisés pour monter le transducteur ultrasoniqye et
I'hydrophone. Les exigences générales de performance liées a ces systémes sont spécifiées
ici ef sont considérées comme optimales pour les besoins du présent document. D'autres
systdmes de positionnement peuvent étre utilisés, a condition de démontrer leur équivalence a
ceux|présentés dans ce paragraphe.

L’Annexe J présente la‘configuration simple d'un réservoir, d'un transducteur ultrasonique et
d'un hydrophone destinée a indiquer uniquement les axes de coordonnées et degrés de liperté
auxqpels fait référenee le présent document.

5.2.2 Systémes de positionnement

5.2.211 Positionnement du transducteur

Le tramsducteur uttrasonique emessai doit €tre ptace sur umrsysteme de positionmement, de
telle sorte que sa face soit totalement immergée dans le bain-marie et qu'il se trouve a une
distance telle d'une surface adjacente (une interface eau/air, par exemple) que les ultrasons
réfléchis sur cette surface ne génent pas le principal signal regu. Si la surface est paralléle a
I'axe du faisceau, les critéres ci-dessous doivent étre satisfaits.

Siz est la distance entre I'élément actif d'un hydrophone et la face d'un transducteur
ultrasonique et quet est la durée entre l'arrivée de l'impulsion directe au niveau de
I'hydrophone et la fin de la période d'acquisition du mesurage, la distance minimale, 4, entre
I'axe du faisceau et la surface réfléchissante doit étre déterminée par (voir la formule (17))

(22 + 4n2)V2 —z> ¢t (17)
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Il est préférable d'immerger le transducteur et de ne pas placer de membrane entre la face du
transducteur ultrasonique et le bain-marie. Toutefois, si une membrane est nécessaire, il
convient qu'elle soit aussi fine et aussi proche que possible de la surface frontale du
transducteur ultrasonique. Il convient de garantir un couplage acoustique rapproché a l'aide
d'un agent de couplage a base d'eau, en prenant soin d'éliminer les bulles d'air. Il convient de
corriger les mesurages des parametres acoustiques pour tenir compte de |'atténuation de
transmission de la membrane.

5.2.2.2 Positionnement de I'hydrophone

L'hydrophone doit étre configuré dans le systéme de positionnement par coordonnées, de
sorte i i TOTHtE i i i ivgment
parallele a la direction prévue de I'axe du faisceau du transducteur ultrasonique a medurer.

NOTE| Pour éviter les effets sur les mesurages réalisés sur des champs a ondes entretenues dus_a la réflexion des
ultras@ns sur la surface des hydrophones a membrane, I'hydrophone peut étre incliné. L'inclinaisan‘assure que les
ultras@ns réfléchis ne génent pas le transducteur de maniére significative ou ne se réfléchissgnt.pas sur la fgce du
transducteur, produisant des effets d'interférence. Deux méthodes qui permettent de déterminer la rotation ¢xigée
sont présentées a I'"Annexe B.

5.2.2,.3 Positionnement spatial

L'hydrophone et/ou le transducteur ultrasonique doivent étre placés sur un systéme de
positlonnement qui permet de les positionner I'un par rapport &J'autre en un point souhaitd d'un
espafe avec les degrés de liberté suivants:

psitionnement spatial le long de trois axes orthogonaux (nommés x, y etz), I'un d'eux
appelé axe z) étant I'axe du faisceau de I'élément.actif du transducteur ultrasoniqye;

a)

NS

b) ppur permettre de reproduire les positions, ilhconvient d'équiper tous les systémds de

rmanslation et de rotation d'indicateurs de position;

= O

c) illconvient que la répétabilité du positionnement soit 0,101 ou 0,05 mm, selon la plus faible
de ces deux valeurs.

NOTE|1 Aprés l'alignement, il est attendu~gue l'axe z soit parallele a l'axe du faisceau du transducteur
ultrasjonique.

NOTE|2 |l est possible d'assouplir. les-exigences de reproductibilité pour de nombreux mesurages. Un¢g base
raisonpable consiste a associer la ‘précision du systéme de positionnement au diameétre de I'élément ag¢tif de
I'hydrpphone. Dans la direction\perpendiculaire a la direction de propagation des ultrasons, une prdcision
équivglente a 10 % du diametre de I'élément actif de I'hydrophone est en général pertinente. De méme, darns une
direction paralléle a la direction de propagation, une précision équivalente au diamétre de I'élément actif gst en
général pertinente.

5.2.3 Bain-marie
5.2.31.1 Généralités

La tgille\du récipient de mesure doit étre telle que le transducteur ultrasoniquye et
I'hydrophone puissent se déplacer I'un par rapport a l'autre de maniére suffisamment gmple
pour permettre de placer I'élément actif de I'hydrophone en tout point du champ acoustique
auquel les mesurages sont exigés.

Des moyens doivent étre prévus pour réduire le plus possible les effets sur le mesurage de la
réflexion qui provient des parties du bain-marie ou des parois (voir également 5.2.3.2).

Dans une direction parallele a I'axe du faisceau pour les systémes explorateurs non
automatiques ou a l'axe de symétrie du plan azimutal pour les systémes explorateurs
automatiques, il convient que la paroi du bain-marie se trouve a une distance du transducteur
ultrasonique sensiblement supérieure (de 30 % a 100 %) a la distance de séparation maximale
entre le transducteur ultrasonique et 'hydrophone.

Dans une direction perpendiculaire a I'axe du faisceau pour les systémes explorateurs non
automatiques ou a l'axe de symétrie du plan azimutal pour les systémes explorateurs
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automatiques, il convient que la paroi du bain-marie se trouve a une distance sensiblement
supérieure (de 30 % a 100 %) a la distance maximale entre I'hydrophone et I'axe du faisceau
dans le cas des systémes explorateurs non automatiques ou d'une ligne d'exploration extréme
dans le cas des systémes explorateurs automatiques.

NOTE 1 |l est également nécessaire de prendre en considération la taille de I'hydrophone. Pour les hydrophones
a membrane, une surlargeur dans la direction perpendiculaire a I'axe du faisceau peut s'avérer nécessaire.

NOTE 2 Les critéeres de choix de la taille du bain-marie mentionnés ci-dessus sont adaptés pour les durées
d'impulsion inférieures a 10 ys. Pour les durées d'impulsion plus longues, voir 5.2.2.1 et [26].

5.2.3.2 Matériau de revétement

Il copvient de réaliser les mesurages dans des conditions approchant celles d'un~champ
acouptique libre. Dans le cas des transducteurs ultrasoniques excités dans des conditions a
ondep entretenues, il convient de placer les absorbeurs acoustiques de sorte qu/ils ‘absorbent
autant d'incidence ultrasonore des parois du bain-marie que possible. Pour lestransducfeurs
uItra’Loniques pulsés, et lorsque les techniques qui utilisent les signaux @“déclenchement
périodique sont employées pour détecter le signal de I'hydrophone, il n'ést-pas fondamiental
d'utiliser des absorbeurs acoustiques. Toutefois, il est souvent conséillé de placer] des
absofbeurs sur les parois du bain-marie, a des endroits qui permettent d'absorber le clhamp
acouptique incident principal qui provient du transducteur ultrasonique.

Les pssais suivants peuvent étre utilisés pour déterminer<a, nécessité de recourir d des
absofbeurs acoustiques, selon le critére ci-apreés:

Il convient d'utiliser des absorbeurs acoustiques si les<ultrasons réfléchis augmentent le niveau
général de bruit de fond du signal de I'hydrophone{de maniére uniforme, ou si des signaux
parasites de I'hydrophone sont détectés aux algntours du principal signal regu.

Un efsai pratique qui permet de détecter laxprésence de signaux parasites consiste a mogdifier
la digtance entre le transducteur ultrasenique et ’hydrophone tout en observant le dignal
avec|un oscilloscope. Il a été observé que certains signaux parasites se déplacent a au moins
deux|fois la vitesse du signal recu directement, et que d'autres sont regcus dans un intervalle de
tempg incorrect lors de la comparaison de la distance entre le transducteur ultrasonique et
I'hydrophone. Cet essai ne peut'étre réalisé que sur des systémes a impulsions.

Avec| I'excitation a ondes- entretenues, il est nécessaire d'observer les déphasages et la
défoimation du signalsprincipal lorsque le transducteur ultrasonique est déplacé.| Une
strucfure a ondes stationnaires partielles peut également étre observée dans de nombreux cas.

Les gonditionsenichamp libre sont suffisamment satisfaites lorsque I'écho global est rédyit de
plus |[de 25 dB) Différentes méthodes peuvent étre utilisées pour vérifier la conformité fde la
rédugtion_<de. 1'écho des matériaux de revétement utilisés, au présent paragraphe.| Les
procg¢dures décrites dans I'lEC TS 63081 peuvent étre appliquées pour vérifier I'amortissement
ou IaTdiffusion des matériaux.

5.2.3.3 Qualité de I'eau

Pour les mesurages réalisés dans des champs de haute pression ou sur des transducteurs
ultrasoniques excités par ondes entretenues a puissance élevée, les effets de cavitation
peuvent étre significatifs et, dans ce cas, il convient d'utiliser de I'eau dégazée (voir Annexe G
pour des recommandations).

Il convient de distiller ou de déioniser I'eau a une température connue. Si un hydrophone PVDF
(polyfluorure de vinylidene) a membrane non blindé du point de vue électrique a une seule
couche est utilisé, il convient que la conductivité électrique de I'eau soit inférieure
as5puScm .
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5.3 Exigences liées aux systémes d'acquisition et d'analyse des données

Les caractéristiques de transfert du systeme d'acquisition et d'analyse des données doivent
permettre d'assurer que, en cas d'utilisation en combinaison avec ['hydrophone, le
préamplificateur ou I'amplificateur, les exigences de 5.1.6 a 5.1.9 sont satisfaites pour la
combinaison.

5.4 Recommandations concernant les appareils a ultrasons en cours de
caractérisation

Sile balayage des systémes explorateurs automatiques peut étre "gelé", il convient de procéder
a des st 1€ i+ tertt ighifieativeentre

un fa

isceau "gelé" et un faisceau électronique.

NOTE|1 Cet exercice n'est pas futile et dépend du type de systéme explorateur. De méme, il n'est’pas possiple de
véritaplement déterminer les parameétres de moyenne temporelle d'un faisceau "gelé".

Si un signal électronique synchronisé a l'excitation du transducteur ultrasonique ou du
grouTJe d'éléments transducteurs ultrasoniques n'est pas disponibles d'autres méthodes
peuvent étre employées afin d'obtenir ce signal de déclenchement.

NOTE|2 |l s'agit de méthodes qui utilisent une bobine de détection électromagnétique externe ou un capteur
acousjique auxiliaire placé dans le champ ultrasonique. Voir [27], [28], [29].

Si un transducteur ultrasonique ou un groupe d'éléments transducteurs ultrasonifjues
émet| des ultrasons sans séquence de répétition, il R’est’ pas possible de synchroniser le
syst§me de mesure de la maniére décrite dans le présent document. Un sous-ensembl|e de
mesyrages acoustiques, principalement représentés/du point de vue de la sécurité, est décrit
a I'Apnexe F et peut étre utile si la synchronisation.est impossible.

Il copvient de désactiver tous les systéemies qui contrélent les émissions acoustiques du
trangducteur ultrasonique par suite d’'une modification de I'impédance acoustique. Si|cela
n'est|pas possible, il convient de tenir compte d'une incertitude de mesure supplémentaire.

6 Mode opératoire de mesure

6.1 Généralités

Les [modes opératoires présentés dans le présent Article 6 et dans [I'Article 7 |sont
parti¢uliecrement adaptés a la caractérisation des champs ultrasoniques qui utilisenf des
hydrpphones piézoeélectriques. D'autres modes opératoires qui reposent sur I'utilislation
d'hydrophones’piezoélectriques peuvent étre utilisés, a condition de démontrer I'équivalence
aux techniques présentées dans le présent Article 6.

6.2 | Préparation et alignement

6.2.1 Préparation

Il peut étre nécessaire de sceller différentes parties du transducteur ultrasonique pour éviter
les voies d'eau, particuliérement autour du point d'entrée du cable si I'ensemble du dispositif
est immergé. Il convient de suivre les conseils du fabricant.

Avant I'utilisation, il convient de vérifier I'absence de pollution sur les surfaces du transducteur
ultrasonique et de I'hydrophone. En cas de pollution, il convient de nettoyer les surfaces
conformément aux instructions du fabricant. Il convient de suivre toutes les précautions
particulieres lieées a I'utilisation fiable des hydrophones ou des transducteurs qui peuvent étre
spécifiées par le fabricant ou que l'utilisateur peut avoir estimé nécessaires (I'immersion d'un
hydrophone pendant un certain temps avant utilisation, par exemple).
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Concernant l'insertion du transducteur ultrasonique et de I'hydrophone dans lI'eau, il
convient de veiller a assurer que toutes les bulles d'air ont disparu des faces actives. Au cours
des mesurages, il convient de vérifier qu'aucune bulle n'apparait.

6.2.2 Alignement d'un transducteur ultrasonique et d'un hydrophone

L'axe z de I'hydrophone, qui est dans la direction de la sensibilité maximale, doit étre aligné
paralléle a la direction de propagation des ultrasons. Un mode opératoire d'alignement correct

estd

6.3

Proc
pend
écha

Veérif
du s
I'hyd

NOTE|1 Des oscilloscopes et des cartes de capture numériques de derniére génération sont désormais dispg
et permettent de capturer et d'analyser des enregistrements extrémement longs. D'une maniére générale, c
d'app3reil semble étre le moyen le plus souple pour déterminer tous les parametres nécessaires.

NOTE[2 Etant donné que le signal acoustique n'est plus réputé se répéter, I'échantillonnage temps équivalen

pas p

reprégdenter avec exactitude le signal de I'hydrophone.

6.4
6.4.1

Des

bande limitée (voir 5.1.7) ou des résonanices du cable (voir 5.1.10). Lorsque les exigences
a la bande étroite (voir 5.1.7.1) ne sont pas satisfaites, la méthode de déconvolution doi

appli

Des

moye

méth

6.4.2 Incertitudes

Pour
Guid

D’au

onné dans I'lEC 61828.

Mesurage

bder aux mesurages avec un ensemble d'hydrophones approprié. Observer en tout
ant une durée suffisante pour qu'une partie représentative du signal acoustiqusg
htillonnée. D'une maniére générale, cela dure moins d'une seconde.

er que la largeur de bande, la fréquence d’échantillonnage et/ou la résolution tempg

rophone.

ssible et, par conséquent, la largeur de bande numérique a impulsion unique a besoin d’étre suffisant

Analyse
Corrections de la largeur de bandedimitée et de la résolution spatiale

corrections doivent étre apportées .si les mesurages sont affectés par une larged

nuee (voir 5.1.7.2).

corrections doivent étre apportées si les mesurages sont affectés par les effets

pdes données a |’Annexe E.

eévaluery*et exprimer [lincertitude de I'étalonnage, les recommandations
b |SOAEC 98-3:2008 [voir I'Article 2] doivent étre suivies.

point
soit

relle

ystéme d'acquisition sont suffisantes pour représenter avec exactitude le signal de

nibles
P type

it n'est
b pour

r de
liées
étre

He la

nne spatiale identifiés.en 5.1.6.2. Les corrections doivent étre apportées en suivant les

du

7 Caractérisation du faisceau

7.1

Généralités

: lati 5 l'évaluati . itud I cos A ' e |.

Le Tableau 1 donne des informations sur les parameétres acoustiques qui peuvent étre utilisés
pour spécifier I'émission acoustique des différents types d'appareils médicaux a ultrasons.
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