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FOREWORD

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizationcof
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whether they can be transformed into International Standards.

IEC/TS 62556, which is a technical specification, has been prepared by IEC technical
committee 87: Ultrasonics
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
87/521/DTS 87/545/RVC

Full information on the voting for the approval of this technical specification can be found in

the rep

ort on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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— Notg
- Wor
- Sym

NOTE 2
referenc

The co

T e foftowimg pomttypes are used:

birements: in roman type

s: small roman type

s in bold in the text are defined in Clause 3
bols and formulae: in Times New Roman + Italic.

There are some inconsistencies in font type for symbols and formulae between some of the n
bs and this technical specification. They will be resolved in a future revision{of-the normative referg

brmative
nces.

mmittee has decided that the contents of this publicatiof) ‘will remain unchanged until

the stqbility date indicated on the IEC web site under "http://Wwebstore.iec.ch" in tHe data
related|to the specific publication. At this date, the publicationywill be

— [transformed into an International standard,

— |reconfirmed,

— |withdrawn,

— |replaced by a revised edition, or

— |amended.
A bilinqual version of this publication<may be issued at a later date.
IMPORTANT - The 'colour-inside’ logo on the cover page of this publication indicates
that contains colours which are considered to be useful for the dorrect
understanding of its'contents. Users should therefore print this document using a
coloul printer.
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INTRODUCTION

The use of high intensity therapeutic ultrasound (HITU) has advanced to the point where
systems have achieved clinical approval for general use in numerous countries. Medical
applications and product development are continuing rapidly. Fast development in preclinical
medicine, clinical medicine, and product manufacture has created an urgent need to
standardize measurements of the basic acoustic parameters and the field characteristics of
HITU. In order to promote the further development of HITU and to ensure its safe and
effective use, common technical Specifications are required.

This technical specrfrcatlon is relevant to the measurement and specrflcatron of ultrasound
fields iptended for medicaltherapeutic—purposes—Haddresses gr high
intensity therapeutic uItrasound (HITU) flelds including those generally referred to ds high
intensity focused ultrasound (HIFU). Lithotripsy and physiotherapy are excluded| since
there are existing International Standards for these applications.

As desfribed in Annex A, because measurement at full output power from"HITU systems still
presents technical challenges, this standard specifies measurement methods at relatively low
output Jevels and methodology for extrapolating these to higher therapeutic level fields.
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ULTRASONICS - FIELD CHARACTERIZATION - SPECIFICATION
AND MEASUREMENT OF FIELD PARAMETERS FOR HIGH INTENSITY
THERAPEUTIC ULTRASOUND (HITU) TRANSDUCERS AND SYSTEMS

1 Scope

This technical specification is applicable to high intensity therapeutic ultrasound (HITU)
devices, specifying:

— reldvant parameters for quantifying the field;

— megsurement methods at relatively low output levels and methodology for extragolating
thegse to higher therapeutic level fields;

— congideration of sidelobes and pre-focal maxima;

— parpmeters relevant to HITU transducers of different constructionand geometry, ingluding
non-focusing, focusing with or without lenses, collimated, divefging and conyergent
trarisducers, multi-element transducers, scanning transducers(and multiple sources.

This technical specification is intended to support the ultrasonic measurement requirements
given in IEC 60601-2-62.

These | specifications would have use in quality"{assurance, safety testing, amd the
standardization of communications regarding theuclinical performance of HITU systems.
Where | possible, this technical specification incorporates specifications from other [related
standards.

This tgchnical specification does not apply to the following types of devices, which are
coveredl by other standards:

— lithotripters (see IEC 61846);

— surgical equipment (see IEC 61847);

— physiotherapy devices (see IEC 61689).
Throughout this technical specification Sl units are used. In the specification of |certain
paramgters, such as beam-areas and intensities, it may be convenient to use decimal

multiplés or sub-multiples. For example, beam-area may be specified in cm? and intengities in
W/cm? for mW/em?.

2 Ndrmative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050 (all parts), |International Electrotechnical Vocabulary (available at
<http://www.electropedia.org>)

IEC 60601-2-62, Medical electrical equipment — Particular requirements for the basic safety
and essential performance of high intensity therapeutic ultrasound (HITU) equipment

IEC 61161, Ultrasonics — Power measurement — Radiation force balances and performance
requirements
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IEC 61689, Ultrasonics — Physiotherapy systems — Field specifications and methods of
measurement in the frequency range 0,5 MHz to 5§ MHz

IEC 61828:2001, Ultrasonics — Focusing transducers — Definitions and measurement methods

for the

transmitted fields

IEC 62127-1:2007, Ultrasonics — Hydrophones — Part 1: Measurement and characterization of

medica

| ultrasonic fields up to 40 MHz

IEC 62127-1:2007/AMD1:2013

IEC 62127-2, Ultrasonics — Hydrophones — Part 2:

40 MH

IEC 62
fields U

IEC 62
transdt

ISO/IE
(GUM:

3 Te
For the

3.1

127-3, Ultrasonics — Hydrophones — Part 3: Properties of hydrophones Aop ult
p to 40 MHz

55, Ultrasonics — Power measurement —High intensity therapeutic ultrasound
cers and systems

~

C Guide 98-3:2008: Guide to the expression of uhcertainty in measuy
{995)

rms and definitions

purposes of this document the following terms'and definitions apply.

acoustic pulse waveform

Calibration for ultrasonic fields up to

rasonic

(HITU)

rement

temporpl 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 agoustic
informgtion in a single pulse or tone-burst, or one or more cycles in a continuous wave

Note 1 entry: Temporal wavefofm,\is a representation (e.g oscilloscope presentation or equation) of the
instantapeous acoustic pressure.

[SOURCE: IEC 62127-1-2007, 3.1]

3.2

acoustic repetition period

arp

pulse repetition period for non-automatic scanning systems and the scan repetition pefiod for
automgtié/scanning systems, equal to the time interval between corresponding pdints of
consectttre—eyetesforcontintotus-wavre—systems

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

[SOUR

3.3

CE: IEC 62127-1:2007, 3.2]

acoustic frequency

acoustic-working 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:

a spectrum analysis method. Acoustic-working frequencies are defined in 3.3.1 and 3.3.2.

The signal is analysed using either the zero-crossing acoustic-working frequency technique or
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Note 2 to entry: In a number of cases the present definition is not very helpful or convenient, especially for
broadband transducers. In that case a full description of the frequency spectrum should be given in order to
enable any frequency-dependent correction to the signal.

Note 3 to entry: Acoustic frequency is expressed in hertz (Hz).
[SOURCE: IEC 62127-1:2007, 3.3]

3.31
zero-crossing acoustic-working frequency

f awf

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 t¢ entry: None of the n consecutive half-cycles should show evidence of phase change.
Note 2 tg entry: This frequency is intended for continuous-wave systems only.

[SOURLE: IEC 62127-1:2007/AMD 1:2013, 3.3.1, modified — The secondvand third notes in
the original definition have been deleted.]

3.3.2
arithmptic-mean acoustic-working frequency

f awf

arithmegtic mean of the most widely separated frequencies fr-and f,, within the range qf three
times f;, at which the magnitude of the acoustic pressufe spectrum is 3 dB below the peak
magnitide

Note 1 tg entry: This frequency is intended for pulse-wave systems only.
Note 2 tq entry: It is assumed that f; < f,.

Note 3 t¢ entry: Iff2 is not found within the range /< 3f1,f2 is to be understood as the lowest frequency alpove this
range at|which the spectrum magnitude is 3 dB belew the peak magnitude.

Note 4 t¢ entry: See IEC 62127-1 for methods of determining the arithmetic-mean acoustic working frequgncy.

[SOURCE: IEC 62127-1:2007/AMD 1:2013, 3.3.2, modified — A fourth note to entry has been
added to the definition.]

3.4
azimuth axis
axis formed by the' junction of the azimuth plane and the source aperture| plane
(measyrement)-ortransducer aperture plane (design)

SEE: Fligures 1 to 4.

Note 1 to entry: The selection of this axis is arbitrary for a circularly-symmetric HITU transducer without a hole in
its centre but is perpendicular to the elevation axis.

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

[SOURCE: IEC 61828:2001, 4.2.7, modified — Two notes to entry have been added.]

3.5

azimuth plane

for a scanning ultrasonic transducer: this is the scan plane; for a non-scanning ultrasonic
transducer: this is the principal longitudinal plane

SEE: Figure 1.

[SOURCE: IEC 61828:2001, 4.2.8, modified — A note in the original has been deleted.]
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idth

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

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

[SOUR

3.7

CE: IEC 62127-1:2007, 3.6]

beam
Ab,6,

rea
b,12, Ab,20

area in| a specified plane perpendicular to the beam axis consisting of all points)at wh
pulse-pressure-squared integral is greater than a specified fraction of the (maximun

of the

Note 1 {
correspo

Note 2 t
above d¢

a) in thg
acou

b) in ca
inted

Note 3 tq

Note 4 tq

[SOUR
include

3.8

ulse-pressure-squared integral in that plane

o entry: If the position of the plane is not specified, it is the plane passing through t
nding to the maximum value of the pulse-pressure-squared integral in thé whole acoustic field.

entry: In a number of cases, the term pulse-pressure-squared integral is replaced everywhe]
finition by any linearly related quantity, e.g.:

case of a continuous wave signal the term pulse-pressure-squared integral is replaced by mea
Stic pressure as defined in IEC 61689,

ral may be replaced by temporal average intensity.

entry: Some specified fractions are 0,25 and 0,04/ for the -6 dB and -20 dB beam areas, respect

entry: Beam area is expressed in square metres (m?).

CE: IEC 62127-1:2007/AMD 1:2043, 3.7, modified — the symbol has been mod
Ap 121

beam axis

straigh

line that passes through the beam centrepoints of two planes perpendicular

line wr:Lch connects the\point of maximal pulse-pressure-squared integral with the cq

the ex

SEE: F

Note 1
pulse-pi

rnal transducer surface plane

igure 1.

o sentey: The location of the first plane is the location of the plane containing the n
essure-squared integral or, alternatively, is one containing a single main lobe which is in f{

ich the
h value

he point

re in the

n square

ses where signal synchronisation with the scanframe.is not available the term pulse-pressure-squared

vely.

ified to

to the
ntre of

haximum
he focal

Fraunho
first with

BT ZOone. 1he tocatomnm of the secomnd pidarne fsas faras s pld(.l.ibd[)lb‘ fromrthefiTst pldarie darnd pdardl
the same two orthogonal scan lines (x and y axes) used for the first plane.

Note 2 to entry: In a number of cases, the term pulse-pressure-squared integral is replaced in th
definition by any linearly related quantity, e.g.:

el to the

e above

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 synchronisation with the scanframe is not available the term pulse-pressure-squared
integral may be replaced by temporal average intensity.

[SOUR

CE: IEC 62127-1:2007, 3.7]
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3.9

beam centrepoint

position determined by the intersection of two lines passing through the beamwidth
midpoints of two orthogonal planes, xz and yz

[SOURCE: IEC 61828:2001, 4.2.13.]

3.10
beam maximum

bm
maximum measured pulse-pressure-squared integral on the beam axis

3.1
beam maximum depth
me . )
smallest distance between two points on the beam axis where the pulse-pressure-squared
integrgl falls below its maximum on the beam axis by 6 dB

Note 1 tp entry: In a number of cases, the term pulse-pressure-squared integral is replaced in the above
definition by any linearly related quantity, e.g.: in the case of a continuous wave. signal the term pulse-pfessure-
squared|integral is replaced by mean square acoustic pressure as defined in JEC 61689.

Note 2 tg entry: Beam maximum depth is expressed in metres (m).

3.12
beam maximum point
position on the beam axis where the maximum ‘pulse-pressure-squared integral is
measufed

Note 1 tp entry: In a number of cases, the term pulse-pressure-squared integral is replaced in the above
definition by any linearly related quantity, e.g.: in_the case of a continuous wave by the mean square |acoustic
pressurel as defined in IEC 61689.

3.13
beam maximum volume
me
volume [in a specified space, consisting of all points at which the pulse-pressure-squared
integrgl is greater than_—6.dB of the pulse-pressure-squared integral value at thel beam
maximum point

Note 1 tp entry: In awnumber of cases, the term pulse-pressure-squared integral is replaced in the above
definition) by any linéarly related quantity, e.g.: in the case of a continuous wave signal the term pulse-pfessure-
squared|integral is replaced by mean square acoustic pressure as defined in IEC 61689.

Note 2 t¢ entfy: ) '‘Beam maximum volume is expressed in cubic metres (m3).

3.14
beamwidth midpoint
linear average of the location of the centres of beamwidths in a plane

Note 1 to entry: The average is taken over as many beamwidth levels given in Table B.2 of IEC 61828:2001, as
signal level permits.

[SOURCE: IEC 61828:2001, 4.2.17, modified — The second sentence of the original definition
has been transformed into a note to entry here.]

3.15

beamwidth

Wes W12, Waq

greatest 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 specified axis by
a specified amount
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Note 1 to entry: In a number of cases, the term pulse-pressure-squared integral is replaced in the above
definition by any linearly related quantity, e.g.:

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 synchronisation with the scanframe is not available, the term pulse-pressure-squared
integral may be replaced by temporal average intensity.

Note 2 to entry: Commonly used beamwidths are specified at -6 dB, —12 dB and -20 dB levels below the
maximum. The decibel calculation implies taking 10 times the logarithm of the ratios of the integrals.

Note 3 to entry: Beamwidth is expressed in metre (m).

[SOURCE: IEC 62127-1:2007, 3.11]

3.16
centra| scan line
for autpmatic scanning systems, the ultrasonic scan line closest to the symmetry axig of the
scan pjlane

[SOURCE: IEC 62127-1:2007, 3.13]

3.17
clinica{ driving conditions

settinds of duty factor and transducer driving voltage when an ultrasonic transducer is
operated for purposes of treatment

3.18
diame:l;ical beam scan
set of measurements of the hydrophone outpui“voltage made while moving the hydrgphone
in a stfaight line passing through a point on the beam axis and in a direction normal| to the
beam 3xis

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

[SOURCE: IEC 62127-1:2007, 3:14]

3.19
distange z,
ze
distancge along thecbeam axis between the patient entry plane and the external transducer
surface plane

Note 1 tg entry: y*Distance z_ is expressed in metres (m).

3.20
distance 75,

zslpta
distance along the beam axis between the plane containing the side-lobe peak temporal

average intensity and the source aperture plane

Note 1 to entry: Distance g is expressed in metres (m).

slpta

3.21
distance %p

z
p

distance along the beam axis between the plane containing the focal point (or for non-
focusing transducers, to the plane containing the beam maximum), and the source aperture
plane

Note 1 to entry: Distance 2, is expressed in metre (m).
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3.22

duty factor

Fy
ratio of

the pulse duration to the pulse repetition period

[SOURCE: IEC 60469:2013, 3.2.9, modified — Reference to the specific context of a periodic
pulse train has been removed and the original note has been deleted.]

3.23

effective focusing surface
surface of constant phase whose periphery intersects the external transducer surface plane

Note 1 t
applied
delay al

propaga
constant
have the|

3.24
effecti
@p, An3
radius
with an|

Note 1 t
function.

Note 2 tq

Note 3 tq

[SOUR

3.25
effecti

deff
distanc

b entry: In the case of arrays, focusing results from applying a phase delay to the electrical>g
o each element of an array to produce focusing and steering of a scan line. In this case;a‘tot
bng a line normal to each element may be calculated by adding the excitation’s phase-delq
ion delay along that line corresponding to the sound speed and distance along the_.line. A s
phase may then be defined as a surface intersecting all such normals, such that all{points of intg
same total phase.

ve hydrophone radius

ahe . . . . . .

pf a stiff disc receiver hydrophone that has a predicted{directional response f
angular width equal to the observed angular width

entry: The angular width is determined at a specified level below the peak of the directional r
For the specified levels of 3 dB and 6 dB, the radii are demoted by a5 and a, 4 respectively.

entry:  The radius is usually the function of frequency. For representative experimental data, se

entry: Effective hydrophone radius is expressed in metres (m).

CE: IEC 62127-3, 3.2.]

ye path length

e that is the equivalent total acoustical path length (between a specified field pg

a specified point on the effective focusing surface of a transducer)

Note 1t
ratio Cw

Note 2 t
measure]
speed off

entry: In the €ase of a transducer with a lens, the part of the path through the lens is multiplig
I ¢|_where g) is'lens speed of sound and Cyy is water (or measurement medium) speed of sound

entry: \In"most cases, this definition applies to transducers of known construction; otherwise,
d as(time delay between the two points specified above divided by the water (or measurement
soUnd’ See also geometric focus and effective focusing surface.

xcitation
Bl phase
y to the
rface of
trsection

Linction

psponse

b [11]

int and

d by the

t can be
medium)

Note 3 to entry: Effective path length is expressed in metres, (m).

3.26

effective radius of a non-focusing ultrasonic transducer

ag

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: Effective radius of a non-focusing ultrasonic transducer is expressed in metres (m).

Note 2 to entry: A transducer with a hole in its centre does not have an effective radius.

1 Numbers in square brackets refer to the Bibliography.
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3.27

effective wavelength

A

longitudinal speed of sound in the propagation medium divided by the acoustic-working
frequency

Note 1 to entry: effective wavelength is expressed in metre (m).

3.28

electric load impedance
Z

complex electric input impedance (consisting of a real and an imaginary part) to which the
hydroghone unit output cable is connecied or is To be connecied

Note 1 tg entry: Electric load impedance is expressed in ohm (Q).

[SOURCE: IEC 62127-3:2007, 3.3, modified — The original definition specifies™ hydrgphone
or hydrophone assembly output" instead of " hydrophone unit output cable”.]

3.29
elevation axis
line in|the source aperture plane (measurement) or external transducer surfacel plane
(design) that is perpendicular to the azimuth axis

SEE: Fjigures 1 to 4.

Note 1 t¢ entry: The selection of this axis is arbitrary for a gircularly-symmetric HITU transducer without p hole in
its centrg.

Note 2 t¢ entry: If a HITU transducer has a hole in its centre within which is a diagnostic imaging transduger, then
this axis|is aligned with the elevation axis of the imaging transducer.

[SOURCE: IEC 61828:2001, 4.2.25, modified — The reference in the original defin|tion to
"transducer surface plane" has been*xchanged to specify "external transducer surface|plane”
and two notes to entry have been added to the definition.]

3.30
elevation plane
longitydinal plane containing the elevation axis

[SOURIE: IEC 64828:2001, 4.2.26, modified — An indication that the plane is orthogonal to the
azimuth axis has'been deleted from the definition.]

3.31
end-oftcable loaded sensitivity of a hydrophone or hydrophone-assembly
M\ (f)

ratio of the instantaneous voltage 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 acoustic pressure in the undisturbed free field of a plane
wave in the position of the reference centre of the hydrophone if the hydrophone were
removed

Note 1 to entry: End-of-cable loaded sensitivity is expressed in volt per pascal (V/Pa).

[SOURCE: IEC 62127-3:2007, 3.5, modified — The symbol has changed from M to M| (f).]
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3.32

end-of-cable open-circuit sensitivity

end-of-cable open-circuit sensitivity of a hydrophone

M(f)

ratio of the instantaneous open-circuit voltage at the end of any integral cable or output
connector of a hydrophone to the instantaneous acoustic pressure in the undisturbed free
field of a plane wave in the position of the reference centre of the hydrophone if the
hydrophone were removed

Note 1 to entry: End-of-cable open-circuit sensitivity is expressed in volts per pascal (V/Pa).

[SOURCE: IEC 62127-3:2007, 3.6, modified — The symbol has changed from M_to M ( f)and
the sedond note of the original definition has been deleted.]

3.33
external transducer surface

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

Note 1 tp entry: This surface is assumed to be accessible for measurements using a hydrophone in g chosen
propagafion medium (usually water).

Note 2 t¢ entry: This surface is either directly in contact with the patient or'is in contact with a water or liquid path
to the pgtient.

[SOURICE: IEC 61828:2001, 4.2.27, modified — A variation of the term has been addgd, the
second sentence of the original definition has been>transformed into a note to entry and a
second note to entry has been added.]

3.34
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 ultrpsonic
transducer and external transducer surface

Note 1 tp entry: If the ultrasonic transducer is flat, the plane is coplanar with the radiating surface of the
ultrasonlic transducer; if it isTconcave, the plane touches the periphery of the radiating surface; if it is cofvex, the
plane is fangent to the centreef the radiating surface at the point of contact (see Figure 5).

[SOURIE: IEC 64828:2001, 4.2.72, modified — A variation of the term has been added and
both the definition.and note to entry have been modified vis-a-vis the original term "trarjsducer
aperture planet]

3.35
far field

region of the field where z > z; aligned along the beam axis for planar non-focusing
transducers

Note 1 to entry: In the far field, the sound pressure appears to be spherically divergent from a point on or near
the radiating surface. Hence the pressure produced by the sound source is approximately inversely proportional to
the distance from the source.

Note 2 to entry: The term “far field” is used in this International Standard only in connection with non-focusing
source transducers. For focusing transducers a different terminology for the various parts of the transmitted field
applies (see IEC 61828).

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

[SOURCE: IEC 62127-1:2007/AMD 1:2013,3.28 ]
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3.36

focal depth

Lg

beam maximum depth for a focusing transducer

Note 1 to entry: Focal depth is expressed in metre (m).

3.37

focal gain

Gp

gain at beam maximum for a focusing transducer
3.38

focal goint

beam maximum point for a focusing transducer

3.39
focal violume
Vfoc . .
beam maximum volume for a focusing transducer

Note 1 t¢ entry: Beam maximum volume is expressed in cubic metres (m3).

3.40
focusing transducer
electrotacoustic device that produces, at any distancésless than half of the transition
distan¢e from the source aperture plane, a -6 dB beamwidth in a longitudinal plang that is
less than one-half the -20 dB source aperture width

3.41
gain al beam maximum
Gbm
ratio of the maximum pressure amplitude at the beam maximum to the average pfessure
amplitude at the external transducerssurface plane

3.42
geometric focal gain
Gfocal
for the[measurement case’in which geometric foci of all longitudinal planes coincife, the
square| root of the ratio”of the pulse-pressure-squared-integral at the geometric| focus
divided by the average pulse-pressure-squared-integral over the active portion |of the
transddcer (i.e., the'region corresponding to the transducer aperture area).

For trgnsducers of known construction, the following theoretical definitions apply: For
unapodized _transducers meeting this criterion, the geometrical focal gain is theorgtically
equal fo\the ratio of the transducer aperture area to the product of the geometri¢ focal
length and the effective wavelength.

For an apodized circularly symmetric source, the geometric focal gain is Giocq = 7 27/Fge,
with the transition distance defined for apodization.

For unapodized ultrasonic transducer cases in which the focuses in different longitudinal
planes are not coincident, a geometric focal gain can be defined for a specified
longitudinal plane as the ratio of the transducer aperture width in that plane to the square
root of the product of the effective wavelength and the geometric focal length in that plane.

For the apodized case for a specified longitudinal plane and a rectangular transducer with a

transducer aperture width Ly, , the geometric focal gain is Gtoeq) = (1 27 /Fge )12, where zy is
the transition distance defined for transducers with apodization. The overall geometric focal
gain is the product of the geometric focal gains in each plane if the geometric focal
lengths are coincident
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Note 1 to entry: The theoretical definitions of focal gain do not apply to a HITU transducer with a hole in its
centre.

Note 2 to entry: This definition applies only to focusing transducers.

[SOURCE: IEC 61828:2001, 4.2.37, modified — The definition has been modified and
expanded and two notes to entry have been added.

3.43

geometric focal length

Fgeo

distance from the geometric focus to the position where the beam axis intersects the
effective focusing surface

Note 1 t¢ entry: Applies to transducers of known construction.
Note 2 tg entry: Geometric focal length is expressed in metres (m).

Note 3 tg entry: This definition applies only to focusing transducers.

[SOURICE: IEC 61828:2001, 4.2.37, modified — The definition has tbeen modified apd two
notes tp entry have been added.]

3.44
geometric focus
point for which all of the effective path lengths in a specified longitudinal plane are| equal.
Also, ppint for which the arrival times of all waves from the transducer have the sam¢ delay
relativd to the voltage excitation of the transducer; as viewed in the approximaltion of
geomeirical acoustics, neglecting diffraction

Note 1 tg entry: This definition applies only to focusing«transducers.

[SOURCE: IEC 61828:2001, 4.2.39, modified — The phrase "relative to the voltage exgitation
of the transducer" has been added to the‘definition and a note to entry has been added|]

3.45
high intensity therapeutic ultrasound (HITU) equipment
HITU equipment

equipment for the generation and application of ultrasound to a patient for thergpeutic
purposes with the intentfion to destroy, disrupt or denature living tissues or nor-tissue
elements (e.g. liquids,” bubbles, micro-capsules, etc,) and which aims notably at making
treatments through-actions of ultrasound having mechanical, thermal and more ggnerally
physical, chemjeal or biochemical effects

Note 1 tp entry:)* Essentially the HITU equipment comprises a generator of electric high-frequency powgr and a
transducer<or,converting this to ultrasound. In many cases this equipment also includes a targeting and mpnitoring
device.

Note 2 to entry: HITU equipment may as a side effect by its operation induce hyperthermia, however it should not
be confused with this technique, which heats much less rapidly and to much lower therapeutic temperatures (in
general 42 °C to 50 °C and thermal equivalent times of 0,2 min to 120 min) as compared with HITU-induced
temperature rises in excess of 55 °C and much shorter times and also ultrasound-induced bioeffects by means
other than heat.

Note 3 to entry: This definition does not apply to: ultrasound equipment used for physiotherapy, ultrasound
equipment used for lithotripsy or ultrasound equipment used for general pain relief.

Note 4 to entry: See Annex AA of |IEC 60601-2-62 for a few examples of equipment for which this technical
specification should be used.

[SOURCE: IEC 60601-2-62:2013, 201.3.218, modified — the second and third notes to entry
have been modified vis-a-vis the original. ]
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3.46
hydrophone
transducer that produces electric signals in response to waterborne acoustic signals

[SOURCE: IEC 60050-801:1994, 801-32-26]

3.47
hydrophone assembly
combination of hydrophone and hydrophone pre-amplifier

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

3.48
hydrophone compressional pressure limit

P+iim
limit op the maximum compressional pressure that a hydrophone can, withstand without
damagge or corruption of the measurement. This quantity is preferably-specified |[by the
hydrogphone manufacturer, or may be set by the user based on measurement evidence

Note 1 t¢ entry: Hydrophone compressional pressure limit is expressed in pascals (Pa).

3.49

hydrophone geometrical radius

a
g

radius fefined by the dimensions of the active element of‘a hydrophone

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

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

3.50
hydrophone intensity limit
Tia jim | . . |
limit or] the maximum temporal-average intensity that a hydrophone can withstand without
damage or corruption of the measurement.

Note 1 t¢ entry: This quantityis preferably specified by the hydrophone manufacturer, or may be set by|[the user
based o) measurement evidence.

Note 2 t¢ entry: The_hydrophone intensity limit is expressed in watt per square metre (W/m?2).

3.51
hydroghone pre-amplifier
active gleetronic device connected to, or to be connected to, a particular hydrophophe and
reducing-ifs output impedance

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

3.52
hydrophone rarefactional pressure limit

P.lim
limit on the maximum rarefactional pressures that a hydrophone can withstand without
damage or corruption of the measurement.

Note 1 to entry: This quantity is preferably specified by the hydrophone manufacturer, or may be set by the user
based on measurement evidence

Note 2 to entry: The hydrophone rarefactional pressure limit is expressed in pascal (Pa).
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3.53

instantaneous acoustic pressure

p(?)

pressure minus the ambient pressure at a particular instant in time and at a particular point in
an acoustic field (see also IEC 60050-801, 801-21-19)

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

[SOUR

3.54

CE: IEC 62127-1:2007, 3.33]

instantaneous intensity

1(2)
acoust

c energy transmitted per unit time in the direction of acoustic wave propagat

on per

unit area normal to this direction at a particular instant in time and at a particular-point in an

acoust

Note 1
velocity.
referred
apertureg
transdud|

Note 2 tq

[SOUR

3.54.1
derive
quotien
of the 1

where:
p(1)

p

C

Note 1 t
intensit

Note 2 {

c field

b entry: Instantaneous intensity is the product of instantaneous acoustic pressure and
to in this International Standard and under conditions of sufficient distancg from the external tra
er) the instantaneous intensity can be approximated by the derived instantaneous intensity.

entry: Instantaneous intensity is expressed in watts per squaré metre (W/m?)

CE: IEC 62127-1:2007/AMD 1:2013, 3.34]

 instantaneous intensity
t of squared instantaneous acoustic pressure and characteristic acoustic imp
hedium at a particular instant in time at\a particular point in an acoustic field

pc

is the instantaneous acoustic pressure;
is the density 6f the medium;

is the speed:of sound in the medium

is ap-approximation of the instantaneous intensity.

oNentry: Increased uncertainty should be taken into account for measurements very closg

transducer-

particle

It is difficult to measure intensity in the ultrasound frequency range. For.the’ measurement purposes

nsducer

(at least one transducer diameter, or an equivalent transducer dimensionvin the case of a nor-circular

pdance

(1)

entry: \For measurement purposes referred to in this International Standard the derived instanftaneous

b to the

Note 3 to entry: Derived instantaneous intensity is expressed in watts per square metre (W/m?2).

[SOURCE: IEC 62127-1:2007/AMD 1:2013, 3.78]

3.55
local a
F

a

rea factor

the square root of the ratio of the source aperture area to the beam area at the point of
interest. The relevant local beam area, A4, is that for which the pulse-pressure-squared
integral is greater than 0,135 (that is, 1/e2) times the maximum value in the cross-section.
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F - 0,694,
4

> 18 known, the local beam area can be calculated as 4, = 4, /0,69: (0,69 = 3 In(10)/10).

(2)

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

[SOURCE: IEC/TS 61949:2007, 3.11, modified — The source definition refers to "source area"
rather than "source aperture area", and the second sentence of the definition has been
changed and given in the form of a note to entry.]

3.56

local distortion parameter

O,
24
index
ultrasg

where:

ry

Zp g

Pm

q
4

Q

q

4

B

fawf
F

a

q

4

4

Note 1 t
Equation
used.

[SOUR
nonling

3.57
longitu
plane @

SEE: F

which permits the prediction of nonlinear distortion of ultrasound_for a s
nic transducer, and is given by oy from:

2nf B 1

o =zZp
q prm ,0-c3 /Fa

the axial distance of the point of interest to the source aperture plane

the mean-peak-cycle acoustic pressure)at the point in the acousti
prresponding to the spatial-peak temporal-peak acoustic pressure.

the nonlinearity parameter (£ = 3,5 for pure water at 20 °C);

the acoustic-working frequency;

¢ the local area factor

b entry: If the offset distance is not)zero, its value shall be estimated and added to the valu
(3). This will yield a new and moré_accurate calculation of the local distortion parameter, which

CE: IEC/TS 61949:2007, 3.12, modified — The definition has been changed to
ar distortion of ultraseund, and a note to entry has been added.]

dinal plane
efined by\the beam axis and a specified orthogonal axis

igure-1.

pecific

3)

c field

e of z in
shall be

efer to

[SOUR

3.58

CE: IEC 61828:2001, 4.2.43]

mean peak acoustic pressure

Pm

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

[SOUR

3.59

CE: IEC/TS 61949:2007, 3.13]

non-scanning mode
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

peak-
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3.59.1
scanning mode

mode of operation of a system that involves a sequence of ultrasonic pulses which give rise

to ultrasonic scan lines that do not follow the same acoustic path

Note 1 to entry: The sequence of pulses is not necessarily made up of identical pulses. For instance, the use of

sequential multiple focal-zones is considered a scanning mode.

3.60
offset distance

d
offset
distance between the source aperture plane and the external transducer surface

- | 1 ih N H
measufree—arofRgtReBeaaxts

Note 1 tg entry: Offset distance is expressed in metre (m).

3.61
patient entry plane
the plape that is closest to the external transducer surface, that is onthogonal to the
axis, apd that intersects any portion of a patient

3.62
peak acoustic pressure
pe (orp) or p. (orp,)

either [the peak-compressional acoustic pressure or{the peak-rarefactional ag
pressure, whichever is largest

Note 1 t¢ entry: The term is used in relative determinations

Note 2 tg entry: Peak acoustic pressure is expressedin‘pascal (Pa).

plane,

beam

oustic

[SOURLCE: IEC 62127-1:2007/AMD 1:2013,3.43, modified — The phrase "whichever is largest”

has begn added to the definition.]

3.63
peak-clompressional acoustic pressure
Pc (orp.)

maximyim positive instantaneous acoustic pressure in an acoustic field or in a sq
plane dquring an acoustic)repetition period

Note 1 tg entry: Peakscompressional acoustic pressure is expressed in pascals (Pa).

Note 2 fo entryi \ The definition of peak-compressional acoustic pressure also applies to peak-
acoustig¢ pressure which is also in use in literature.

[SOURCEAEC 62127-1:2007/AMD 1:2013,3.45]

3.64
peak-rarefactional acoustic pressure

pr(orp)

ecified

positive

maximum of the modulus of the negative instantaneous acoustic pressure in an acoustic

field or in a specified plane during an acoustic repetition period

Note 1 to entry: peak-rarefactional acoustic pressure is expressed as a positive value.

Note 2 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 acoustic

pressure which is also in use in literature.

[SOURCE: IEC 62127-1:2007/AMD 1:2013,3.44]
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3.65

output power

P

time-average ultrasonic power emitted by an ultrasonic transducer into an approximately
free field under specified conditions in a specified medium, preferably water

Note 1 to entry: Output power is expressed in watts (W).

[SOURCE: IEC 61161:2013, 3.3]

3.66

output power under clinical driving conditions
P, L
output| power emitted by an ultrasonic transducer when it is operated under clini¢al driving
conditjons of transducer driving voltage and duty factor

3.67
output|power under reduced quasi-linear conditions
P

q
output |power emitted by an ultrasonic transducer when it is drivenn under reduced| quasi-
conditipns

3.68
power (within the -6 dB area at 7 = %p under clinical driving conditions
Pc 6
power [contained within the —6 dB contour in the plane transverse to the beam axis| at the
beam maximum point, under clinical driving conditions

3.69
power |within the -6 dB area at z = %p under reduced quasi-linear driving conditionsg
P
q!6
power [contained within the —6 dB cantour in the plane transverse to the beam axis| at the
beam maximum point, under reduced quasi-linear driving conditions

3.70
pre-fog¢al peak temporal_average intensity
Ipfpta
largest| local maximumm jof the temporal-average intensity on the beam axis which| is not
within fhe —6 dB focal'volume or beam maximum volume and is located between the[source
apertune plane and-the focal volume or beam maximum volume.

Note 1 t¢ entry: \Pre-focal peak temporal average intensity is expressed in watts per square metre (W/m?).

3.7
principal longitudinal plane
plane containing the beam axis and two points that define the minimum —6 dB beamwidth

SEE: Figures 1 to 4.

Note 1 to entry: The selection of this axis is arbitrary for a circularly-symmetric HITU transducer without a hole in
its centre.

Note 2 to entry: If a HITU transducer has a hole in its centre within which is a diagnostic imaging transducer, then
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 61828:2001, 4.2.9, modified — The definition contains the additional phrase
"two points that define", and three notes to entry have been added.]
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3.72
pulse-average intensity
1
pa
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 watts per square metre (W/m?2).

[SOURCE: IEC 62127-1:2007, 3.47, modified — The first note to entry here is additional.]

3.73
pulse Jiuration
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

Note 1 t¢ entry: The final value of the time integral of the square of the instantaneous{acoustic pressure is the
pulse-pilessure-squared integral.

Note 2 tg entry: Pulse duration is expressed in seconds (s).

[SOURCE: IEC 62127-1:2007, 3.48.]

3.74
pulse-intensity integral
pii
time integral of the instantaneous intensity, at a particular point in an acoust|c field
integrated over the acoustic pulse waveform

Note 1 t¢ entry: For measurement purposes referted to in this technical specification, pulse-intensity inftegral is
proportignal to pulse-pressure-squared integral.

Note 2 t¢ entry: The pulse-intensity integral is expressed in joules per square metre (J/m?).

[SOURECE: IEC 62127-1]:2007; 3:49

3.75
pulse-pressure-squared’/integral

ppsi
time infegral of the'square of the instantaneous acoustic pressure at a particular point in an

acoustic field integrated over the acoustic pulse waveform

Note 1 t¢ entry:/ The pulse-pressure-squared integral is expressed in pascal squared seconds (Pa2s).

[SOURCE:ITEC 62127-1]

3.76
pulse repetition period

prp
time interval between equivalent points on successive pulses or tone-bursts

Note 1 to entry: This applies to single element non-automatic scanning systems and automatic scanning systems.

Note 2 to entry: Pulse repetition period is expressed in second (s).

[SOURCE: IEC 62127-1:29007, 3.51]
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pulse repetition rate

prr

reciprocal of the pulse repetition period

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

[SOURCE: IEC 62127-1:2007, 3.52]

3.78
quasi-I

inear

a condition of the ultrasonic field between the source and a plane at a specified axial depth

for whigh, at every point, less than a specified, small proportion of the energy has tran

from th

Note 1 t
0,5.

[SOUR

3.79

fundamental frequency to other frequencies through nonlinear propagation’effe

entry: For purposes of this TS this condition is met when the local distortion parameter e is |

CE: IEC/TS 61949:2007, 3.17, modified — A note to entry has beefvadded.]

reduced quasi-linear driving conditions

setting
and un
hydrop

3.80
rms ac

prms

5 under which transducer driving voltage achieves quasi-linear conditions in th
der which the duty factor is set so that hydrophone’ measurements stay bel
hone intensity limit

oustic pressure

sferred
cts

ess than

e field,
ow the

root-mgan-square (rms) of the instantaneous acoustic pressure at a particular point in an

acoust

Note 1 t
otherwis

Note 2 tq

[SOUR

3.81

c field

b entry: The mean should be takéh“over an integral number of acoustic repetition period
b specified.

entry: Rms acoustic pressure is expressed in pascals (Pa).

CE: IEC 62127-1:2007, 3.53]

scaling factor

S
the rat
pressu

o0 between the acoustic pressure at a location close to the transducer to the a
e at.the same location under quasi-linear conditions

b unless

coustic

[SOURCE: IEC/TS 61949:2007, 3.18, modified — The definition has been shortened and the
references to "mean peak acoustic pressure" have been replaced by "acoustic pressure".]

3.82
scan-a
A

rea

S
for automatic scanning systems, the 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: The specified plane (or surface) follows the same shape as the external transducer surface

plane.

Note 2 to entry: The scan-area is expressed in square metres (m?).

[SOUR

CE: IEC 62127-1:2007, 3.54, modified — The note to entry refers to the "external

transducer surface plan" instead of "external transducer aperture".]
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3.83
scan plane
for automatic scanning systems, a plane containing all the ultrasonic scan lines

[SOURCE: IEC 62127-1:2007, 3.56, modified — The original notes have been deleted.]

3.84

scan repetition period

srp

time interval between identical points on two successive frames, sectors or scans, applying to
automatic scanning systems with a periodic scan sequence only

Note 1 tg entry: The scan repetition period is expressed in seconds (s).

[SOURCE: IEC 62127-1:2007, 3.57, modified — The first note in the origihal”has been
deleted.]

3.85
scan re¢petition rate
Srr
reciprofal of the scan repetition period

Note 1 tg entry: The scan repetition rate is expressed in hertz (Hz).

[SOURCE: IEC 62127-1:2007, 3.58]

3.86
side lobe peak temporal average intensity
Is'Pt? . . . C
maximym value of the temporal average-intensity measured at a local maximum which is
not within the —6 dB focal volume (for focusing transducers) or beam maximum volume (for

non-fogusing transducers)

Note 1 t¢ entry: Side lobe peak tempofal'average intensity is expressed in watts per square metre (W/m?).
3.87

sourcq aperture area

ASAeff

equivalent aperturetharea for an ultrasonic transducer, measured as the —20 dB |pulse-
pressure-squared-integral contour, in the source aperture plane

Note 1 t¢ entpy:\If the HITU transducer is circularly symmetric without a hole in its centre, a radial ling scan is
sufficienf tordetermine the contour.

Note 2 toentry @ HITUtransducer has a noie m 115 centre Withim 1t the —20 dBcontour does not include the
hole.

Note 3 to entry: Source aperture area is expressed in square metres (m?).

[SOURCE: IEC 62127-1:2007/AMD 1:2013, 3.82, modified — The definition has been
shortened and two new notes to entry have been added.]

3.88

source aperture plane

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

Note 1 to entry: If the offset distance is zero, the source aperture plane can be coincident with the external
transducer aperture plane (see Figs 1-4).
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[SOURCE: IEC 62127-1:2007/AMD 1:2013, 3.83, modified — The definition refers to the
"external transducer surface plane" rather than the "external transducer aperture", and a note
to entry has been added.]

3.89

source aperture width

Lgp

in a specified longitudinal plane, the greatest —-20 dB beamwidth along the line of
intersection between the designated longitudinal plane and the source aperture plane

SEE: Figure 5.

Note 1 tp entry: If the HITU transducer is circularly-symmetric without a hole in its centre, a radial ling scan is
sufficienf to determine the width.

Note 2 t¢ entry: If a HITU transducer has a hole in its centre, the beginning and ending —20 dB points of {he width
are meagured and noted with reference to the centre.

Note 3 tg entry: : Source aperture width is expressed in metres (m).

[SOURCE: IEC 62127-1:2007/AMD 1:2013, 3.83, modified — Two hotes to entry have been
added.

3.90

spatiall average intensity under linear conditions

.Isal ) . ) .
intensify spatially averaged over the area enclosed by the half-pressure-maximum contour in
the plape containing the focal point (for focusing.ttansducers) or beam maximum (fpr non-
focusing transducers), as determined under linear conditions

Note 1 tp entry: Spatial average intensity under«linear conditions is expressed in watts per squafe metre
(W/m?2).

3.91

spatial-peak temporal-peak acoustic pressure

Psptp

larger ¢f the peak-positivetacoustic pressure or the peak-negative acoustic pressure

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

[SOURCE: IEC62127-1:2007, 3.63, modified — The definition refers to "peak-positive
acoustic pressure" and "peak-negative acoustic pressure" rather than "peak-comprefsional
acoustic pressure" and "peak-rarefactional accoustic pressure".]

3.92

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:

taken is

Note 2 to entry:

[SOUR

3.93

sufficient to include any period during which scanning may not be taking place.

CE: IEC 62127-1:2007, 3.62]

temporal-average intensity

Ita

time-average of the instantaneous intensity at a particular point in an acoustic field

For systems in combined-operating mode, the time interval over which the temporal average is

Spatial-peak temporal-average intensity is expressed in watts per square metre (W/m?).
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Note 2 to entry: Temporal-average intensity is expressed in watts per square metre (W/m?2).

The time-average should be taken over an integral number of acoustic repetition periods.

[SOURCE: IEC 62127-1:2007/AMD 1:2013, 3.65, modified — The note concerning diagnostic

equipm

3.94

ent has not been retained.]

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 tq

[SOUR

3.95
transd

Arp .
effectiyf

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

CE: IEC 62127-1:2007, 3.67 ]

Licer aperture area

e area of an ultrasonic transducer, as determined by the ~20 dB pulse-pre

squaregd-integral contour in the source aperture plane

Note 1 t
sufficien

Note 2 t
between

Note 3 tq

[SOUR
notes t

3.96
transd
those
transd
or integ

Note 1 tq

[SOUR

entry: If the HITU transducer is circularly-symmetric without @ hole in its centre, a radial ling
to determine the contour.

entry: If a HITU transducer has a hole in its centre within it, the transducer aperture area is
the inner and outer -20 dB contours, so that the wholejis\not counted.

entry: Transducer aperture area is expressed in,square metre (m?).

CE: IEC 61828:2001, 4.2.71, modified — The definition is worded differently an
b entry have been added.]

Licer assembly

parts of HITU equipment' comprising the ultrasonic transducer and/or ultr
Licer element group,-together with any integral components, such as an acous
ral stand-off

entry: The transducer assembly is usually separable from the ultrasound instrument console.

CE: IEC.62127-1:2007, 3.69, modified — The definition specifies "HITU equi

rather fhan "medical diagnostic ultrasonic equipment".]

3.97

ssure-

scan is

the area

0 three

asonic
ic lens

pment"

transd
U

cer drivimg voitage

voltage supplied to the terminals of the HITU source transducer

Note 1 to entry: Transducer driving voltage is expressed in volts (V).

3.98

transducer driving voltage at clinical levels

U

Cc
the transducer driving voltage representative of clinical use
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ucer driving voltage at quasi-linear levels

maximum transducer driving voltage when the acoustic field is quasi-linear at depths less

than th

3.100
transit

T

e position of spatial-peak-temporal average intensity Zp

ion distance

for a given longitudinal plane, for design: the transducer aperture area of the ultrasonic
transducer divided by © times the effective wavelength 4 ,i.e. A15/(n4); for measurements:

the tra
distan

For de
axis, t
transit

For de
apertu
(LA

transit
apertu
longitu
the oth

Note 1 tq

Note 2 tq

[SOUR
notes t

3.101
ultrasd
device
frequer

[SOUR

3.102
ultrasg
elemen

be is given by Agpqs/(TA).
5ign, for an unapodized ultrasonic transducer with circular symmetry about the

on distance is z1 = a2/ 1.

re width, L;,4, in a specified longitudinal plane, the_effective in-plane
2. Therefore, for this plane, the transition distance s’ z1q = (Lta1) 2/(n4)

er orthogonal plane, zq, = (Lgpp)? /(n).

entry: Transition distance is expressed in metres (m).

CE: IEC 61828:2001, 4.2.75, modified — The definition is worded differently aln
b entry have replaced the original'notes.]

nic transducer

cy range and/or reciprocally of converting mechanical energy to electrical energly

CE: IEC 62127-1:2007, 3.73]

nic transducer element

[SOUR

3.103

CE: IEC 62127-1:2007, 3.74]

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

[SOUR

3.104

CE: IEC 62127-1:2007, 3.75]

ultrasonic transducer element group dimensions
dimensions 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

dimens

ions

nsducer aperture area is replaced by the source aperture area-so that the transition

beam

he source aperture area is na.2, where a, is the effective radiusy therefgre the

5ign, for an unapodized rectangular ultrasonic transducer which has a trangducer
rea is

. The
on distance for the orthogonal longitudinal plane including the second transducer

re width is z,=(L1ao) 2/(nd). Similarly, for ;measurements in each specified
linal plane, the source aperture width in that plane is used, or zp4 = (Lgaq)?/{nd); in

entry: A transducer with a hole in its centre does net’have an effective radius; for these cases sge [2].

d two

capable of converting electrical energy to mechanical energy within the ultfasonic

t of an ultrasonic transducer that is excited in order to produce an acoustic sigpnal
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Note 1 to entry: Ultrasonic transducer element group dimensions are expressed in metres (m).

[SOURCE: IEC 62127-1:2007, 3.76]

3.105

uncertainty

parameter, associated with the result of a measurement, that characterizes the dispersion of
the values that could reasonably be attributed to the measurand

Note 1 to entry: See the ISO Guide to the Expression of Uncertainty in Measurement [3], 2.2.3.

[SOURCE: IEC 62127-1:2007, 3.77]

3.106
circular wave number
k
the ratip of 2x divided by the effective wavelength

3.107
wave Vector’s vector component along the x-axis or
wave Vector’s vector component along the y-axis
ko k
y
for a plane wave, the wave vector component along a coordinate axis is given by the product
of the [circular wave number and the cosine of the angle (formed between the diregtion of
propagEtion and that axis, e.g., k = k 7eXx where 7 i§ the unit vector in the diregtion of

propagption and X is the unit vector in the direction ofdhe x-axis

4 Ligt of symbols

ap, effective hydrophone radius

aq hydrophone geometrical radius

ay effective radius of'a non-focusing ultrasonic transducer

an3, Ang effective hydrophone radius, determined from directional regponse
measurements, at the -3 dB and -6 dB levels

Amax maximum effective radius for a specific hydrophone application

arp acoustic repetition period

A, beam area

Ap 6, A 12, Ap 40y eam area (at —6 dB and —12 dB and —20 dB levels)

Ay geometrical area of an ultrasonic transducer

Aop output beam area

Ag scan-area

Agp transducer aperture area

Agpeft source aperture area

BW bandwidth

bm beam maximum

c speed of sound in the medium (usually water)

deff effective path length

doftset offset distance

Fy duty factor

Sawt acoustic frequency, acoustic-working frequency

F local area factor

a
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p-(py
P+lim
P-lim
s¥p
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duty factor

geometric focal length

geometric focal gain

focal gain

gain at beam maximum

instantaneous intensity

output beam intensity

pulse-average intensity

pre- focal peak temporal average intensity

spatial-peak temporal-average intensity
temporal-average intensity

hydrophone intensity limit

circular wave number (27/))

wave vector’s vector component along the x-axis
wave vector’s vector component along the y-axis
source aperture width

focal depth

beam maximum depth

end-of-cable loaded sensitivity of a hydrophone or hydrophone-
assembly

end-of-cable open-circuit sensitivity

output power of an ultrasonic transducer

output power under clinical driving conditions

output power underreduced quasi-linear driving conditions
power within the==6 dB beam area under clinical driving conditions

power within the -6 dB beam area under reduced quasi-linear driving
conditions

instantaneous acoustic pressure

pressure amplitude averaged over transducer aperture area
pulse-intensity integral

pulse-pressure-squared integral

mean peak acoustic pressure

L~ tempeoral-peak-acousticpressure
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
hydrophone compressional pressure limit
hydrophone rarefactional pressure limit
scan repetition period
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srr scan repetition rate

S scaling factor

tq pulse duration

U transducer driving voltage

U, transducer driving voltage at clinical levels

Uqg transducer driving voltage at quasi-linear levels

v(t) instantaneous particle velocity

Xob> Yob output beam dimensions

Vom beam maximum volume

Vioc focal volume

we, Wqg Woq beamwidth (at -6 dB and -12 dB and -20 dB levels)

Zg distance z, between the external transducer surface/plane and the
patient entry plane

zZ distance between the source aperture plane and the'plane containing the
spatial-peak temporal-average intensity

Zsipta distance between the source aperture plane and the position of thg side-
lobe peak temporal average intensity

z7 transition distance

Z electric load impedance

y/j non-linearity parameter

A effective wavelength in a liquid

2 density of the medium (usually:water)

Oq local distortion parameter

1) (2nf5us) circular frequency

5 Independent measurement of total acoustic output power

Measufements of total output power shall be performed according to the methods of

IEC 62p55. In some cases the power may be measured using planar scanning of a

hydroghone, as described in Annex G. In these cases care should be taken to assyre that

the hyIrophone measurement is_ madg un_de_r quasi-linear conditions (see. 7.2.5.1) and within

the hydrophoneiS. pressure and intensity limits (see 6.1.6 and 6.1.7).

6 Adgoustic field measurement: equipment

6.1 Hydrophone
6.1.1 General

It is assumed throughout this technical specification that a hydrophone is a device which
responds to acoustic waves in such a way that the output voltage is proportional to the
acoustic pressure at a specified frequency. If ML(f) is the end-of-cable loaded sensitivity
of the hydrophone, the instantaneous acoustic pressure p(¢) is related to the measured
end-of-cable voltage u (f) by

p(t)=3"U ()M, (/)]
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where 37’ represents an inverse Fourier transform, and U\ (/) is the Fourier transform result

of u (#). Because this technical specification prescribes measurements to be made in linear
conditions, a narrow-band approximation as given in IEC 62127-1 may be applied:

p([):uL(I)/ML(fawf) (5)

6.1.2 Sensitivity of a hydrophone

When no hydrophone pre-amplifier is used, the sensitivity of the hydrophone shall refer to
the end-of-cable loaded sensitivity and shall be determined for the particular electrical

loadingeerditions-

Wheng hydrophone pre-amplifier is used, the sensitivity of the hydrophone-shall refer to
the end-of-cable loaded sensitivity which relates to the particular hydrophone-assembly.

NOTE The method outlined in IEC 62127-3 may be used for the determination of end-of-cable loaded sensitivity
assuming the end-of-cable open-circuit sensitivity of the hydrophone is known.

6.1.3 Directional response of a hydrophone

The directional response of the hydrophone shall be known.
Symmagtry of the directional response shall conform to IEC/62127-3.

There are two reasons to know the directional response of a hydrophone. First, it nay be
necessfry as part of the field characterization precedures described in Clause 7, in which
case the directional response should be kmown at the appropriate acoustic-working
frequepcy. Secondly, the directional response ‘is used to derive the effective hydrgphone
radius

6.1.4 Effective hydrophone radius

The efffective hydrophone radius shall be known and determined following the method
described in IEC 62127-3.

6.1.5 Choice of the size of a hydrophone active element
6.1.5.1 General

The chpice of the‘effective hydrophone radius for a specific application shall be determined by
considg¢ration-ofthe following:

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

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 effective wavelength and the
distance from the ultrasonic transducer. However, in the far field it is reasonable to relax
the above criterion. For unfocused 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 [4]:

max

:i (12+a2)1/2

a
max g, 1

! (6)
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where:

ay is the effective radius of the ultrasonic transducer;

l is the distance between the hydrophone and the source aperture plane

A is the effective wavelength corresponding to the acoustic-working frequency.

See [4] and [5].

For a focusing ultrasonic transducer, the above relationship may still be used. For an
ultrasonic transducer with a non-circular element, the above relationship may still be used
by replacing a4, by one half the maximum ultrasonic transducer dimension or ultrasonic
transducer element group dimension.

For regresentative experimental data see [1].

6.1.5.2 Spatial averaging effect

The prpctical 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 thig case, care should be taken in interpreting measurements as a piezoglectric
hydrophone is a phase sensitive detector that integrates the comp]ex acoustic pressufe over
its actiye element. If applicable, corrections for spatial averaging should be made. See| Annex
E of IELC 62127-1:2007.

When the hydrophone is translated from the position of maximum received signal|in any
directign normal to the beam axis by an amount equal to the effective hydrophone [radius
element, the decrease in signal should be less thanv dB. If this is not the case, corrpections
for spatial averaging should be made. See Annex E of IEC 62127-1:2007.

6.1.6 Hydrophone pressure limits

In order to avoid making corrupted measurements or damaging a hydrophone, pfessure
limits ghall be defined for the hydrophone or hydrophone assembly and the user shall not
exposeg the hydrophone to pressures beyond these limits. These need to be specified both as
a sepdrate positive (i.e. compressional) limit, known as the hydrophone compregsional
pressyre limit, p,;, and, a-negative (rarefactional) limit, known as the hydrgphone
rarefagtional pressure limit, p_;,.

P+im S| most likely to arise from electrical saturation limits in a pre- or buffer-amplifier pr from
severe|non-linearity~in the hydrophone's response (see for example [5] and 3.5.1.2|of [6])
and may be defined as a property of the hydrophone assembly. p,,;,, may be detgrmined
accord|ng 6.4-8:2 in this case.

P.iim is Imost likely to arise from delamination of internal hydrophone structures. cavitation, or

other non-linearity. This quantity is preferably specified by the hydrophone manufacturer, or
may be set by the user based on measurement evidence.

NOTE p,;n and p_;,, may be frequency-dependent.

It is expected that pressure levels within the limits may be maintained by reducing the driving
voltage, as discussed in 7.2.1 and 7.2.4.

6.1.7 Hydrophone intensity limits

In order to avoid making corrupted measurements or damaging a hydrophone, a temporal-
average intensity limit [, ., shall be defined for the hydrophone or hydrophone
assembly and the user shall not expose the hydrophone to intensities beyond these limits.
lig im may be independent of the pressure limits of 6.1.6, because high temporal-average
intensities may result in heating of the hydrophone beyond acceptable limits, even though
peak pressures may be below safe limits in accordance with 6.1.6. It is expected that safe
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intensity levels may be maintained by reducing the duty factor of the driving voltage signal,
as illustrated in 7.2.1 and 7.2.4.

Iiz 1im is preferably specified by the hydrophone's manufacturer, although it may be set by the
user based on measurement evidence. This limit may be frequency dependent, because the
absorption of sound energy and its conversion to heat within the hydrophone is likely to be
frequency dependent.

6.1.8 Hydrophone cable length and amplifiers

6.1.8.1 Cable length

A conrlecting cable of a length and characteristic impedance which ensures that electrical
resonahce in the connecting cable does not affect the defined bandwidth of the hydrgphone
or hydrophone-assembly shall be chosen. The cable shall also be terminated appropriately.

To miphimize the effect of resonance in the connecting cable located betweg¢n the
hydroghone’s sensitive element and a preamplifier or waveform digitizer.input, the numerical
value gf the length of that cable in metre shall be much less than 50/(f,, /MHz + BW;/MHz)
where [, s is the acoustic-working frequency and BW, is the -20 dB bandwidth| of the
hydropghone signal. In most cases a cable length of <15 cm should)be adequate (see [}]).

Attentipn should be paid to the appropriateness of (the output impedance pf the
hydroghone/amplifier in relation to the input impedance.0f the connected measuring dgvice.

6.1.8.2 Preamplifier linearity

The manufacturer of any pre- or buffer-amplifier’shall define the maximum voltage ovef which
the output of the amplifier will be linear with respect to the input voltage, to within 10 po. The
manufdcturer shall then provide all information necessary to calculate the maximum pressure
corresgonding to this maximum voltage for-the hydrophone assembly.

6.2 Requirements for positioning and water baths
6.2.1 General

There pre various possiblesystems that may be used to mount the ultrasonic transducer
and hydrophone. The\ general performance requirements for such systems are specified
here, gnd these are considered as optimum for the purposes of this technical specification.
Alternative positiohing systems may be used providing equivalence with those descrjbed in
this subclause jis.démonstrated.

Annex [C,shows a simple configuration of tank, ultrasonic transducer and hydrgphone
intendgd\to’show only the coordinate axes and degrees of freedom referred to in this technical
specification.

6.2.2 Positioning systems
6.2.2.1 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, such 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 criterion shall be satisfied.

If z is the distance between the active element of a hydrophone and the source aperture
plane of an ultrasonic transducer, c is the speed of sound, and ¢ is the time between the
arrival of the direct pulse at the hydrophone and the end of the measurement acquisition
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period, then the minimum distance, 4, between the beam axis and the reflecting surface shall
be determined from:

2 2 .1/2
(z +4h) —-z>ct (7)

It is preferable to immerse the transducer and not to use a membrane between the source
aperture plane 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
membrBne, it significant.

6.2.2.2 Hydrophone positioning

the dirpction of maximum sensitivity of the hydrophone is approximately parallel|to the
anticipated direction of the beam axis of the ultrasonic tranducer to_bé measured. Tp avoid
effects|on the measurements made on continuous wave fields due toZTeflection of ultrasound
from the surface of membrane hydrophones, the hydrophone may be tilted

The h)Frophone shall be set up in the coordinate positioning system such that the normal to

NOTE Tilting ensures that the reflected ultrasound either does not interfere significantly with the transddcer or is
not subgequently reflected from the transducer face, producing interference effects. Two methods |used to
determinje the rotation required are described in Annex B of IEC 62127<1:2007.

6.2.2.3 Spatial positioning

The hydrophone and/or the ultrasonic transducer shall be supported from a pos|tioning
system| to allow them to be positioned relative“to each other at any desired point within a
space yith the following degrees of freedom:

a) Spdgtial positioning along three orthogonal axes (named x, y and z), one (designated the z-
axig) being the beam axis of the active element of the ultrasonic tranducer.

b) To pe able to reproduce positions, all translation and rotation systems should be provided
with position indicators.

c) Thqg repeatabilty of positioning should be 0,10 A or 0,05 mm, whichever is smaller.

After alignment, the z-axis should be parallel to the beam axis of the ultrasonic transducer.

NOTE |t is possiblg“tosrelax the requirement of the reproducibility for many measurements. A reasonabld basis is
to relate|the precision of the positioning system to the diameter of the active element of the hydrophong. 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 parallgl to the
propagafion’direction a precision equivalent to the diameter of the active element is usually adequate.

6.2.3 Water bath
6.2.3.1 General

The size 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 6.2.3.2 ).

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
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100 %) than the maximum separation distance between the ultrasonic transducer and the
hydrophone.

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.

The size of the hydrophone should also be considered. For membrane hydrophones, extra
width in the direction perpendicular to the beam axis might be needed.

NOTE |The criterion for the choice of the size of the water bath referred to above is adequatef¢r pulse
durations less than 10 pus. For longer pulse durations, refer to 6.2.2.1.

6.2.3.2 Lining material

The m¢asurements should be performed under conditions that approximate’ an acoustic free
field. Ip the case of ultrasonic transducers excited under continuous wave conditions,
acoustic absorbers should be placed to intercept as much of the uitrasound incident|on the
walls of the water bath as is possible. For pulsed ultrasonjec transducers, and when
techniques using gated signals are employed for detection of/the hydrophone signgl, it is
not essgential to use acoustic absorbers. However, it is often~advisable to place abgorbers
on the| walls of the water bath at positions such that they intercept the main ipcident
acoustic field from the ultrasonic transducer.

The following tests may be used to determine the nécessity for acoustic absorbers:

The crjterion that may be applied is that acoustic absorbers should be used if rdflected
ultrasolind increases the general background noise level of the hydrophone signal uniformly
or if spprious hydrophone signals are detected in the vicinity of the main received signpl.

A convenient test for the presence of-spurious signals consists of translating the ultrasonic
transdpcer relative to the water bath and the hydrophone in the direction along thg z axis
(see Figure C.1), and observing.the signal with an oscilloscope. Some spurious signpls are
observed to move at least twice the speed of the directly received signal, others are rgceived
in an [ncorrect time window when comparing the ultrasonic transducer — hydrgphone
distange. This test is possible only on pulsed systems.

The frde field conditions shall be met sufficiently when the overall echo is reduced bly more
than 2% dB. Various methods may be used to check the compliance of the echo redugtion of
the tank liningumaterials used, with this subclause. One example that may be used tq check
the abgorbing or scattering materials used is given in Annex B of IEC 62127-1.

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 shall be used (see Annex | 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.

6.3 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-amplifer and amplifier, the
requirements of 6.1.6 to 6.1.8 are met for the combination.
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6.4 Requirements and recommendations for ultrasonic equipment being
characterized

This technical specification requires that the ultrasonic equipment under test
adjustment to both the transducer driving voltage, and the duty factor, in order to assure
that quasi-linear conditions which satisfy the hydrophone’s pressure and intensity limits are

met.

allows

If using the projection method as discussed in Annex E wherein a pre-focal plane is
measured, this requirement may be relaxed.

Also, the measurements are to be undertaken with scanning frozen, if the system under test is
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r the measurement scheme described_inthis clause is shown in Figure 6

Preparation and alignment
Initial adjustment to driving voltage

pressure fields may contain’large regions over which the pressure exceeds the
pr the hydrophone, piya, or p_,, or in which the intensities exceed the limit
none i, im- In this case, it is advisable to reduce the driving voltage
ements begin. Anyestimate can be made as follows:

e average source pressure amplitude:

Py~ \2RZ, T4,

re

onized
bm the
agnetic

for the
edures
ployed
A flow-

safety
for the
before

(8)

Z

w

= the characteristic acoustic impedance of water = 1,5 x 106 kg s=1 m—2

A1p = transducer aperture area;

P

Cc

= output power under clinical driving conditions.

Estimate focal gain:

a) for a circularly symmetric nonfocusing source, the pressure amplitude ratio gain at the

b)

transition distance can be estimated as 2., i.e.,

focal —

For a focusing source at Fyq,

9)
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4
Gfocal = |:;}ATA /Fgeo/l)

where

T

Fye

Estima

= the transition distance;

o = the geometric focal length;

effective wavelength;

(10)

= n g2 for a circularly symmetric spherical focusing source or circularly symmetric

focusing source with a radius a in the external transducer surface plane;

= n (a? - a42) for a circularly symmetric spherical focusing source or (i
symmetric focusing source with a circular hole of radius a4 in its ceqtre
external transducer surface plane;

surface plane;

= (ma? - LinLop) for a circularly symmetric spherical focusing source or ci
symmetric focusing source with a rectangular hole of sides\L},, and Ly, in its
in the external transducer surface plane;

is replaced by Agp.sf (the source aperture area) for.a‘measurement-based e
and Fye, is replaced by the distance z,
e maximum field pressure amplitude as

pmax,est = Gfocalpo

Reducg the transducer driving voltage by a factor of min{ p, im ., P_jim ¥ Pmax est

Verify
[min{ p

If nece

t-lim p-lim}/ pmax,est]2

ssary reduce the duty factor Fy to make the temporal-average intensity, /;,, le

the hydrophone intensity limit, /i, j,,- This is equivalent to the following formula:

Verify
approx

F < 2Ita,lim w

‘ lmax{p+lim’ D i }J

2

by repeating the total power measurement, that the power is reduced by a fg

cularly
in the

= LL, for a rectangular focusing source with sides L,L, in the external transducer

cularly
centre

stimate

(11)

ctor of

5s than

(12)

factor

by ‘repeating the total power measurement, that the power is reduced by 4

mately equal to the ratio by which the duty tfactor was reduced.

If the offset distance is not zero, its value shall be estimated and added to the value of z,. This
will yield a new and more accurate calculation of focal gains in Equations (9) and (10).

If the projection method of Annex E is used in place of making measurements at z = z_, the
requirements of this clause may be relaxed, so long as items (iv) and (vi) are satisfied at the
position of any measurements.

7.2.2

Preparation of source transducer

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.
Manufacturer's advice should be sought.
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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
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 external surfaces of the
transducer assembly and the hydrophone. Checks should be made during the course of the
measurements to ensure bubbles do not appear.

7.2.3 Aligning an ultrasonic transducer and hydrophone

For reliable characterization of acoustic fields produced by ultrasonic transducers it is
necessfary to align the z-axis of the hydrophone, which itself is parallel to(the diregtion of
maximyim sensitivity, such that it is parallel to the particular direction of propagation| of the
ultrasolind of interest. For a method of aligning the beam axis, see 6.2'0f IEC 61828. Refer
to Figures 1 to 3 for different transducer geometries.

7.2.4 Beam-axis scan

The hydrophone shall be scanned down the beam-axis at_steps no larger than one|half of
wavelength, and at every position the peak compressional and rarefactional pressures and
temporal average intensity shall be recorded. The scanyshould start as close as possible to
the source aperture plane of the beam, and extend te/ohe-and-a-half times the nomingl focal
length pf the transducer. If, at any point, p,> p.insNor p. > piy, the scan shall be stopped,
and th¢ driving voltage shall be reduced until the-pressures are within the limits. Aldo, if at
any pojnt the temporal average intensity /,;(exceeds the hydrophone intensity limit Ita,lim,
the duty factor /'y should be reduced. After the driving voltage and duty factor are rgduced,
the scgn should be continued and furtherzreductions of the driving voltage and duty| factor
shall be made until the scan may be-eonducted throughout the specified range of [depths
withoul exceeding these limits. Then the scan shall be repeated at these settings, to
determjne the distance Zp, at which:the beam maximum point is found.

NOTE In some situations it may-not be possible to scan to the position of maximum spatial-peak tgmporal-
average |intensity, either because, of an inaccessible geometry, or because the equipment under test gloes not
support feduction of voltagessor'duty factors sufficiently to satisfy the limits set by the hydrophone. In thaf case an
alternatiye is to scan to ap~intéermediate depth, and then perform a raster scan at that depth in order tol use the
projection method of Annex-E to predict the location z , and to predict instead of measure the field parapeters —

see 7.2.%.3. )

7.2.5 Measurements to be made at 7 = %p

NOTE |Cadlculations made using the projection method outlined in Annex E offer an alternativg to the
measurements cited in this subclause, so long as validation is made as outlined in the note at the end of 7.2.5.3.

7.2.51 Adjustments to provide quasi-linear conditions

The mean peak acoustic pressure p, shall be measured, and driving voltage shall be
adjusted so that (from 6.1.1 of IEC/TS 61949)

2n
o=zl fa‘”;ﬂ \/1_ <05
pc ANFa (13)
where
Pm = mean peak acoustic pressure (p,+p.)/2

Dy = peak-rarefactional acoustic pressure at the point of interest
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peak-compressional acoustic pressure at the point of interest

=
(9]
Il

N
1

distance of the beam maximum point where the measurement is made and the
source aperture plane

Jfawi = acoustic working frequency

=
n

nonlinearity parameter for water, = 3,5
= local area factor

-
[

If using the projection method of Annex E, the criterion of Equation (13) should apply to the
measurement plane at which the raster scan is performed.

If the offset distance is not zero, its value shall be estimated and added to the value ¢f z_in
Equatign (12). This will yield a new and more accurate calculation of the local 'distortion
parameter, which shall be used.

7.2.5.2 Measurements at z =z,

i) pefpk compressional pressure p, (p.)

i) pefk rarefactional pressure p_(p,)

i) Spatial-peak, temporal average intensity ISpta

iv) acpustic working frequency f,

v) pullse repetition rate prr

vi) th¢ beam maximum depth L, , or, equivalently,"the focal depth, Lg
vii) Ap|g, the —6 dB beam area

viii) P;lg, the power contained within the —6:dB"beam area (see Annex D)

ix) the —6 dB equivalent beam diameter, given by D—6q = 4A_6q/7c

ltems (f-v) from above should be used’in a final check to verify that the field conditionls meet
the quasi-linear conditions of Equation (13), and the hydrophone intensity and pressurg limits
as desgribed in 6.1.6 and 6.1.7.,If not, the measurement set-up should be checked. Itegms (vi-
ix) are|used to compute the focal volume and are used below for calculating extrapolated
field infensities. .

7.2.5.3 Alternative: calculation of focal parameters using numerical projection

The parameters\disted in 7.2.5.2 may alternatively be determined using the Numerical

numeritally predicting the focal parameters. The criterion of Equation (13) shall be shatisfied
mption

NOTE 1 If the measurement plane is significantly closer than z = z_, the pressures, intensities, and nonlinearities
may be lower than in the focal region. In this case the requiremenf of satisfying quasi-linear conditions (see Sec
7.2.5.1) and hydrophone pressure limits need only be met at the measurement plane. This approach also offers
the advantage of driving the system under test at potentially more realistic levels. This may be useful if there is
concern that the system performance at reduced driving levels may be significantly different than at normal usage
levels.

If using this approach, the numerical algorithm shall be validated for the particular frequency
and transducer geometry under test.

NOTE 2 One acceptable means for validation is to compare predictions of the numerical algorithm to direct
measurements made according to 7.2.5.2, i.e. at driving levels where Equation (12) is satisfied at the z = z_ plane.
Then the numerical projection can be applied at higher levels where such comparison may not be possible.
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NOTE 3 |If it is not possible to perform validation according to NOTE 2, another acceptable approach is to
compare to measurements made at a plane intermediate in position between the measurement plane and the z = z,
plane.

NOTE 4 For non-focusing transducers, these parameters are understood to be determined at the position of the
beam maximum.

7.2.5.4 Measurement of source aperture

The source aperture area is determined from the -20 dB pulse-pressure-squared integral in
the source aperture plane. This area and the beam area are used in the calculation of the

local area factor, F,.

7.2.6 [Furtherevaltuation for sidetobes and pre-focal maxima
7.2.6.1 General

In order to assess sidelobes in the beam, it is necessary to characterize thecbeam thrqughout
the thrpe-dimensional region between the source aperture plane (z = Q) and the plane of
maximyim intensity (z = zp). This may be done in three ways:

NOTE for non-focusing transducers, pre-focal maxima are understood to be maxima which occur af depths
shallowefr than the position of the beam maximum.

7.2.6.2 Sidelobe evaluation by hydrophone scanning alone

To evgluate sidelobe levels with hydrophone scanningyalone, raster scanning shquld be
condudted in multiple planes orthogonal to the beam’ axis which lie between the emtrance
plane gnd the focal plane where z = Zp. The depth.ncrement between planes should be less
than A)In each plane /i,(x,y) should be measurgd as a function of position out to at lefast the
-20 dB| level relative to the peak in that plane, or to a dB level specified by| safety
considgrations in related standards. The spatial increment in x and y should be sufh that
Li5(x,y)|varies by less than 3 dB betweenadjacent points. For each plane z = z, the Ipcation
and value of the largest secondary maximum outside of the focal volume should be re¢orded,
as Iis(Ysm(zi) Ysm(z), z;) where xqp (%):Vsm(z;), are the x-and y-coordinates in that plarje. The
maximym over all planes {z;} represents the side-lobe peak temporal-average intensity

Iipta,q pnder reduced quasi-linear conditions.

7.2.6.3 Sidelobe evaluation by numerical projection

The numerical projection method, described in Annex E, is an approach that combines precise
hydrogphone measurements in a scan plane or surface with a projection algorithm to cglculate
the thr¢e dimensjonal field at other spatial locations. The validation steps given in 7.2|5 shall
be follgwed if-using this approach. In addition to this validation, a hydrophone measurement
shall b¢ made' at the predicted position of the largest sidelobe and compared to the prgdiction
of the projection method. The difference in the sidelobe intensity compared to the predicted
value sitattbeevatuatedand be reported for consideration with Tegardto the potentiat effects
of this error on clinical usage.

7.2.6.4 Sidelobe evaluation by a combination of hydrophone scanning with other
imaging methods

Other imaging methods exist which may more rapidly provide at least a qualitative
assessment for the distribution of field energy, which can provide spatial coordinates of
anomalous local maxima of the acoustic field. These methods include schlieren [8,9,10] and
thermal mapping [11]. Upon identifying such regions and their coordinates, hydrophone
scanning may be used further to acquire a quantitative field map of these regions only. In this
manner, the amount of hydrophone scanning may be reduced, compared to the method of
7.2.6.3.

NOTE HITU systems which employ direct thermal measurement in-vivo, such as MRI thermometry, may be
another way of replacing hydrophone scans for sidelobes [12].
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7.2.6.5 Evaluation of pre-focal maxima along the z-axis

To obtain pre-focal maxima along the beam-axis, a scan along the z-axis should be made with
a spatial increment of less than one-half wavelength. The value of /i, at the largest maximum
outside of the -6 dB focal zone of the main focus should be recorded as the pre-focal peak
temporal average intensity /pppa

NOTE HITU systems which employ direct thermal measurement in-vivo, such as MRI thermometry, may be
another way of replacing hydrophone scans for pre-focal maxima [12].

7.3 Considerations for scanning transducers and transducers with multiple sources

7.3.1 —Autematie-seanning-transduecers
7.3.11 General

Measufements on automatic scanning transducers (i.e., either mechanically scanhed or
electrohically scanning array transducers) shall be made with the aGtematic sdanning
arreste[d. The measurement procedures of Clause 7 shall then be applied to the transducer in
the arr¢sted state.

7.3.1.2 Transducers with multiple sources
Multipl¢-source transducers fall into two classes:

() those where the beams do not significantly overlap,
(I) those where the beams significantly overlap

Class ﬂ‘l) transducers may be employed in order,t0 achieve broader spatial coverage without
scanning, whereas Class (II) may either be anvin-intentional result of a Class (I) design, or an
intentignal result of trying to superpose beams to enhance the acoustic effect. Class (I)
transdycers may be measured by measucring the individual sources, whereas Class (lfl) shall
requirelthe measurement with all sources turned on.

For capes where direct measurement may be hindered by transducer geometry (spch as
hemispherical transducers), projection methods may be used on measurements on 4 single
plane tp predict beam properties at focal points or sidelobes.

For thI purposes of this technical specification, the following criterion shall be used to
distingyiish betweenClasses () and (I1):

If, for jall points)of clinical interest, there is negligible difference between the terxporal-
averagle intensity /;, of the composite field and the sum of the time-averaged intensity of
each é}nurce's field, then the transducer shall be designated as Class (l). Otherwise, it shall
be des|ghated as Class (II).

NOTE 1 The composite field is defined as the field when multiple sources are simultaneously turned on.

NOTE 2 The “sum of the time-averaged intensity of each source’s field at a point” is the arithmetic sum of the
intensity of each source’s field at a point, when each source is acting individually.

NOTE 3 Plans for clinical usage will need to be considered to determine whether the difference is negligible.
7.4 Linear extrapolation of field values
7.4.1 General

While reliable power measurements may be made at clinical power levels, intensity
measurements at these levels are problematic because of propagational nonlinearities, limited
bandwidth of hydrophones, and concern for damaging hydrophones. Therefore,
hydrophone measurements are scaled using power measurements made at clinical levels.
Specifically, a scaled intensity, Iy, is defined in 7.4.2 and 7.4.3, and in Annex D.
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7.4.2  Calculation of I,

As discussed in Annex D, I, is defined as

sal :Pc,a /Ab,6,q (14)

where Ay, ¢ o is the -6 dB beam area, measured under quasi-linear conditions, and P g is the
power within the -6 dB area at 7 =z, under clinical driving conditions. PC’G may be
determined either by (i) the aperture method of Clause D.3 or (ii) by making raster scans to
determine the corresponding value at quasi-linear levels Pq76 (see Annex G) and then scaling
this value by the Tollowing formula:

5
Be= F:m P
d (15)
where
PC’G i$ the power within the -6 dB area at 7 = Zp under clinical driving conditions
Pq‘s i$ the power within the -6 dB area at z = Zp under,\reduced quasi-linear driving
conditions
P, i3 the output power under clinical driving conditions
Pq i$ the output power under reduced driving.conditions

NOTE [ror the purposes of this technical specification quasi-linear conditions are defined under 7.2.5.1.
7.4.3 Scaling for sidelobes and pre-focal maxima

For pufposes of estimating the amplitude of pre-focal maxima and sidelobes under ¢linical
driving conditions

a) scelle intensity measurements by a factor of [P/ Pq]

b) scale pressure measurements by a factor of [P,/ P V2

]
q
Thys, the side-lobelpeak temporal average intensity is estimated as

1

slpta,es

t = Usipta,q] * [P/ Pgl (16)

and the pre-focal peak temporal averaged intensity is estimated as

Ipfpfa’nc\f = [[p;ph’q] X rP,‘/Pq] (17)

NOTE An alternate method is to follow the approach of IEC/TS 61949 and measure the mean pressures close to
the source at the clinical voltage U, and at a lower voltage satisfying quasi-linear conditions and the pressure and
intensity limits of the hydrophone. These results are then scaled as described in 6.2.4 of IEC/TS 61949.

7.5 Reporting
The following results shall be reported:

— total ultrasonic power at clinical driving voltage level, P,

— total ultrasonic power at the quasi-linear driving voltage level at wHITUhich field
measurements are made, P

— axial beam scan of temporal-average intensity /;,(x =0,y =0, z)

- Zp= position of peak temporal averaged intensity (/;;) on the beam axis
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— either the distance to the patient entry plane (z,) or the offset distance

NOTE This information is required because the measured distances are referenced to the source aperture
plane, which may depend on the measurement setup. Reporting either of these two parameters will allow the

reported measurements to be referenced to a reproducible location.

- Apg -6 dBbeamareaatz =z

p
— Ly, the beam maximum depth, or, equivalently, Lg, the focal depth, on axis
- Isal
— estimated side-lobe peak temporal average intensity /g, st and its position in x, y,

and z

— estimatedpre-focat temporalaverage mtensity, [pfpta,est and s positionm

— reldvant output settings for the HITU equipment corresponding to these results,

Uncertdinties for the reported results shall be estimated according to Annex Brand ISQ
to the Expression of Uncertainty in Measurement [3].

Guide
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IEC 1100/14

extefnal transducer surface plane

sourfe aperture plane (in general, oeffset but parallel to external transducer surface plane)
sourge aperture

beam area plane

bea:[width lines
elevation plane

azimputh plane,sc¢an plane

@ NS 9 s N2

pringipal longitudinal plane

9: long|tudinal plane

10: X, azZimuth axis

11:Y, elevation axis
12: Z, beam axis
The external transducer aperture plane is physically adjacent to the ultrasonic transducer at the surface of the

transducer assembly (not shown). Here the original shape of the active aperture is assumed to be rectangular in
shape (see also IEC 61828).

Figure 1 — Schematic diagram of the different planes and lines in an ultrasonic field for
a rectangular HITU transducer
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12

extefnal transducer surface plane

sourge aperture plane (in general, offset but parallel to external transducer surface plane)
sourge aperture

beam area plane

beanmwidth lines

elevation plane (if selected)

azimpth plane (if'selected, contains azimuth and beam axis)

pringipal longitudinal plane

© ® N gk oh=2

long(tudinal'‘plane

10. X, ainmuth axis (arbitrary because of circular symmetry)

IEC

1101114

11.Y, elevation axis (perpendicular to the azimuth axis and beam axis)

12. Z, beam axis

The external transducer surface plane is physically adjacent to the ultrasonic transducer at the surface of the
transducer assembly (not shown). Here the original shape of the active aperture is assumed to be circular in

shape.

Figure 2 — Schematic diagram of the different planes and lines in an ultrasonic field for

a circularly symmetric HITU transducer
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IEC 1102f14
extefnal transducer surface plane

sourfe aperture plane (in general; effset but parallel to external transducer surface plane)
sourge aperture

beam area plane

bea:[width lines

elevation plane (if selected)

azimputh plane (if'selected, contains azimuth axis and beam axis)

pringipal longitudinal plane

© XN gk obd=2

long(tudinal'‘plane

10: X, ainmuth axis (arbitrary because of circular symmetry)

11:Y, elevation axis (perpendicular to azimuth axis and beam axis)
12: Z, beam axis
The external transducer surface plane is physically adjacent to the ultrasonic transducer at the surface of the

transducer assembly (not shown). Here the original shape of the active aperture is assumed to be circular in shape
with a hole in its center (not part of the aperture).

Figure 3 — Schematic diagram of the different planes and lines in an ultrasonic field for
a circularly symmetric HITU transducer with a circular hole in its center
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@ ——1—e

IEC 1103}14
extefnal transducer surface plane

sourfe aperture plane (in general; offset but parallel to external transducer surface plane)
sourge aperture

beam area plane

bea:[width lines

elev3tion plane (if selected)

azimputh plane (if'selected, contains azimuth axis and beam axis)

@ NS 9 s N2

pringipal longitudinal plane

9: long|tudinal‘plane

10: X, azlimuth axis (arbitrary because of circular symmetry)

11:Y, elevation axis (perpendicular to azimuth axis and beam axes)

12: Z, beam axis

The external transducer surface plane is physically adjacent to the ultrasonic transducer at the surface of the
transducer assembly (not shown). Here the original shape of the active aperture is assumed to be circular in shape
with a rectangular hole in its center (not part of the aperture).

Figure 4 — Schematic diagram of the different planes and lines in an ultrasonic field for
a circularly symmetric HITU transducer with a rectangular hole in its center for a
diagnostic transducer (HITU transducer azimuth axis aligned with azimuth scan axis of
diagnostic transducer)
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Pringiple longitudinal plane
External transducer surface plane
sourfe aperture plane (in general, offset but parallel to external transducer_surface plane)

External transducer surface plane

bearl maximum depth
-6 d
Minimum -6 dB beamwidth

positlons at which the -6 dB beamwidth is twice the minimum -6 dB beamwidth

contour

A B A T D

beam axis
10: x-axis

11: z-axip (coincident with beam axis)

Figure 5 — Parametetrs for describing a focusing transducer
of an unknown geometry (IEC 61828)

1E(

1104/14
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1. Measure Total acoustic output power (P ) at clinical input Voltage settings U = U_, using and
clinical duty factor independent method such as radiation force.

v

2. If possible, make initial estimates of focal pressure based on nominal focal parameters (see
Section 7.1.1). Adjust drive voltage and duty factor so that pressure and intensity are within sensor's
limits Then re-measure total power P

v

3. Insert device in acoustic scanning tank, align beam. Initialize for scan, starting as close as
possible to entrance plane

v

4. Find z = z,= position of spatial-peak temporal-average intensity on z-axis:

While z, not yet found, increment z-axis position

A
»
»

A 4

Capture waveform and evaluate p_,p_, 1ta

Adjust drive voltage and /
duty factor

are (1) P, <p+,|im » P <p-,|im (ll) [ta < I!

a,lim

¥

5. Find driving voltage U = Uq = which gives quasi-linear conditions at z = z, (see Sec 7.1.5.1):

Capture waveform atz = Z,, and evaluate nonlinearity parameter o

».
»
A

No

Decrease drive voltage

6 Measure acoustic beam’s focal parameters (Section 7.2.5.2)

7. Evaluate sidelobes and pre-focal maxima per Section 7.2.6
v

8. Measure total power at measurement setting, P,

v

9. Apply linear extrapolation to measurements, to estimate values
at clinical settings (see Section 7.4)

IEC 1105/14

Figure 6 — Overall measurement scheme
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Annex A
(informative)

Rationale

A.1 General

The use of high intensity therapeutic ultrasound has advanced to the point where systems
have achieved clinical approval for general use in numerous countries. Medical applications
and product development are continuing rapidly. Fast development in preclinical medicine,
clinicalrmedieine—and p|uduut mandfacture—has—ereated—an ulycllt reed—to—stangardize
measufements of the basic acoustic parameters and the field characteristics of HITUIh order
to promote the further development of HITU and to ensure its safe and effective use, common
technigal specifications are required.

It can be difficult or inaccurate to apply many of the standard measurement‘methods tp HITU
fields, |either due to fundamental measurement issues or to practical problemls. For
hydrogphone measurements, the major problems relate to:

— |Shielding by bubbles

— |Thermal or cavitation damage

— |Non-ideal frequency response

— [Non-ideal directional response/spatial-averaging

— |High pressure levels

— [High harmonic content

— |Off-axis measurements

— |Damage to hydrophones may only’be apparent at high pressures

Some pf the causes of these difficulties and inaccuracies are introduced in the following
subclaulises.

A.2 [Detailed discussion of difficulties in HITU field measurements

A.2.1 Very highpressures

Pressures aboye<the cavitation threshold for the measurement medium (usually water) can
producg bubbles as dissolved gas is drawn out of solution. Two main problems may then
arise: first{ the bubbles formed may partly shield the sensor from the ultrasound field;

secondlyjiolent bubble activity can damage or destroy the sensor. The occurrence of poth of
these i f f i om the

measurement medium but it may be difficult to maintain sufficiently purity for a prolonged
period.

There is also the risk of direct mechanical effects on the sensor itself due to large
compressional and tensional forces. This is most likely to be a problem when there are weak
points between different components of the sensor (for instance, if there is delamination of
the glue layer in a bilaminar hydrophone).

Moreover, because of the high pressure levels involved, a proportionately large fraction of the
pressure spectrum is distributed into higher harmonics, placing greater demands on
hydrophone bandwidth and introducing errors due to the absorption of water (see A.1.4 and
A.1.5).
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A.2.2 Very high intensities

Energy absorbed from the ultrasound beam heats the sensor and this may affect its
performance or even destroy it. For instance, the sensitivity of a membrane hydrophone can
change if it is heated close to its Curie temperature. For pvdf, the most widely used
hydrophone material, depolarisation occurs progressively with time at temperatures above
about 70 °C and almost immediately at 110 °C. The thinness of membrane hydrophones will
offer some protection against thermal damage because heat is very quickly lost to the
surrounding medium. However, the sensitivity of pvdf hydrophones is temperature dependent
and this change can be an additional source of uncertainty. Probe hydrophones may face
greater risk and absorbing radiation force balance targets will certainly be damaged unless
great care is taken to dissipate the absorbed energy Heat|ng can be reduced by generatlng
low duty—ey : gducers
are ge eraIIy onIy weakIy damped and consequently, may take many acoustlc cycles for the
pressufe ‘ring-up’ at the start of the toneburst; there is an equivalent ‘ring-down’ at,the| end of
the toneburst. This must be accounted for by scaling results from toneburst to the cw
situatign. In addition, since typically 30 % to 50 % of the electrical energy is/dissipated within
the transducer, its temperature and properties will change with time durifdgyoperation| Using
tonebufst mode will reduce this self-heating and may lead to significant differerjces in
acoustic output compared to the cw case.

A.2.3 Strong focusing

In a fogused field, even more than in an unfocused field with~diffraction effects, two important
plane-wave assumptions become approximations. Firstly, the derived intensity may differ
significantly from the true intensity [13]. Secondly, the radiation force on a target placed in the
field is| no longer determined solely by the propertiest of the target and the total ultrasound
power.| The geometry of the field also plays a role, especially for the widely-used [conical
reflecting targets; absorbing targets are preferable provided that they are not damaped by
excessjve heating.

There [s also a third effect which relatesdo the directional response of a hydrophonle. In a
plane yave, the hydrophone can be. aligned so that the wave is incident in the preferred
directign for the hydrophone (usually-perpendicular to the plane of the sensing element). In a
focused field, the pressure at the hydrophone can be considered as the superposjtion of
wavelets with a relative phasevand an angular distribution which are determined [by the
transdycer geometry and its distance from the hydrophone. An ideal hydrophone| would
responfl equally to wavelets\from any direction and the output signal would be proportional to
the sum of the waveleis) ‘A real hydrophone, on the other hand, has a sensitivity which
depends on the angle.of incidence of the wavefront and the output voltage therefore depends
on a weighted summation of the wavelets. This means that the output voltage waveform is
different in magnifude and shape from the pressure waveform. This distortion increasgs with
the lafge physical apertures and short focal lengths frequently used for therapeutic
applicdtions: Furthermore, the non-ideal nature of real transducers which have amplitude and
phase | variations across the|r apertures introduces additional compIeX|t|es in o] the
measut
cases where the field is generated by two or more W|dely separated transducers or where the
point of measurement lies within or close to the volume defined by the external surface of the
transducer or surfaces of transducers.

In other therapeutic applications, the transducer is nonfocusing, or it operates over short
distances or it has an unusual geometry. In these cases, existing measurement standards
cannot be applied.

A.2.4 Nonlinear harmonics

Hydrophones have a frequency dependent amplitude and phase response. Consequently, in
any ultrasound field where the acoustic spectrum at the point of measurement contains a
significant spread of frequencies, the output voltage waveform (which is the acoustic
spectrum convolved with the complex frequency response of the measurement system) will
differ in shape from the true pressure waveform. In general, membrane hydrophones have a
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smoother frequency response (particularly in the low MHz region) and will give a closer
representation of the pressure waveform. However, when the acoustic spectrum contains
many high harmonics (as are generated by nonlinear propagation of high pressure fields), the
output signal from the hydrophone can still be very different from the acoustic pressure
waveform because the thickness resonance of the membrane typically results in a sensitivity
which is 6 dB to 8 dB higher at the resonance frequency than at 1 MHz. Pulses of sufficiently
high amplitude can achieve ‘full-shock’ conditions in which several hundred harmonics can be
present with a relative amplitude proportional to 1/N, where N is the harmonic number. This
problem is well recognised in the measurement of diagnostic ultrasound pulses and research
is being carried out on the determination of the complex frequency response of hydrophones
and the best method for deconvolving this response. So far, it seems that deconvolution to
determine temporal-average derived intensity is relatively straightforward because it requires
knowlepge onty of the amptitude Tesponse. T he probterm of determining peak negative and,
particularly, peak compressional pressures has not yet been solved with accuracy’since it
requirefs phase response data up to high frequencies.

A.2.5 Acoustic saturation and nonlinear loss

High amplitude acoustic pulses propagate nonlinearly in water which results in a distoftion of
the waye and the generation of harmonics. Since the acoustic attenuation coefficient of water
is proplortional to frequency squared, these harmonics are absorbed more quickly than the
fundaniental leading to ‘nonlinear loss’ and eventually to ‘agoustic saturation’ where any
changgq in the acoustic pressure generated at the transducercissnot seen at the measurement
point in the field. For radiation force balance measurements{honlinear loss can mean that the
incidentt power is strongly dependent on the distance atiwhich the measurement is made. It
can aldo mean that there is significant streaming in the.water path and this also resufts in a
force dn the target. Determining the output power\of the transducer is therefore subject to
greaten uncertainties.

For hydrophone measurements, acoustic saturation and nonlinear loss can be problematic
when making measurements in water. Unlike diagnostic pressure levels measured in| water,
which fall within a prescribed range, .the high pressures and extended pulse lengths for
therapgutics can contain a significantlyymore extended and higher harmonic spectrum gnd this
places [more stringent requirements on the frequency response of the measurement gystem.
Acoust|c saturation will be more(pronounced at these levels. In addition, a problem| arises
when gxtrapolating from measurements in water to anticipated values in tissue, where the
nonlindar properties and, attenuation coefficients are significantly different. This was
addresped for diagnostic:ultrasound by IEC/TS 61949 which specifies a parameter and
associated threshold which can be used to estimate a ‘quasi-linear’ range. To ensure| quasi-
linear fonditions, the-transducer output is reduced until nonlinear propagation processes
transfef less than<10 % of the energy flux through any point in the field to the|higher
harmonics; it is~believed that extrapolation from water values to tissue values can bqg better
made iy making’measurements under these quasi-linear conditions.

A.2.6 Damage to hydrophones may only be apparent at high pressures

Exposure to HITU fields may damage hydrophones in ways that are not immediately
detectable. For example, the effect of delaminations in internal hydrophone structures may
only appear at combinations of high rarefactional pressures and low frequency. Also, damage
may not affect the hydrophone's response at the fundamental frequency, but become
apparent at harmonics. Typical calibration reference sources are generally at diagnostic
levels or lower. A calibrated reference source which can check relevant performance
parameters may not be readily available.

A.3 Approach of this technical specification

Solutions for all of the challenges listed in 5.1.1 to 5.1.5 remain an active area of research
[14]. Because no widespread consensus has yet emerged for overcoming these concerns, this
specification presents a method where field characterization measurements are made after
reducing the output level so that it is in a quasi-linear range, and within safe limits for the
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operation of the sensor without damage or without corrupting the results. Furthermore, this
document recommends confirming hydrophone measurements by planar scanning of the
hydrophone, such that the derived total power may be compared to an independent
measurement, such as radiation force.

Total acoustic output power is still measured at the full clinical output level using the method
of IEC 62555. Then, the results of the field characterization at reduced levels are scaled-up to
clinical output levels by using calculations. The scaling discussed in this technical
specification is linear, and neglects finite-amplitude propagation effects. The justification for
this is three-fold. First, as outlined in A1.4 and A1.6, this approach avoids possible damage to
hydrophones, and removes the need for expensive broad-band hydrophones and/or
compensation for their non-ideal frequency response when measuring nonlinear harmonics
(note that this allows validation to be performed with simple hydrophones at the focuq of the
field when the projection method is used). Second, as outlined in A1.5, this approach|allows
the continued usage of water as the measurement medium, without artificialdistoftion of
measufement results due to the particular non-linear properties of water,;which may be
different from tissue, as discussed in IEC/TS 61949. Finally, note that‘ityis posgible to
compufationally model non-linear effects to determine their significance oflack thereof|and in
fact it has been shown that in many cases high degrees of non-lineafity in water may not
correspond to significant non-linear effects in tissue [15].

The mgasurement process is shown schematically in Figure 6.
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Annex B
(informative)

Assessment of uncertainty in the acoustic
quantities obtained by hydrophone measurements

B.1 General

To be truly meaningful, the result of a measurement should be accompanied by its associated
uncertamty 7 4 states that, in evaluatmg and expressmg the uncertamty in the measurement

the g
uncertd

In gene

Type Al
Type B}

B.2 (¢

The oV
describ

When
expres
form (e
expand
conver

NOTE 1
(e.g. +1,

NOTE 2
calculatg

B.3 C

The following is a list'ef common sources of uncertainty using hydrophones. This list

not be
specifi
all) of
instrum
voltmef

inty in measurement (ISO GUM) shall be foIIowed

evaluated by statistical means;

evaluated by other means.

pverall (expanded) uncertainty

ed in the ISO GUM.

combining uncertainty components, care should be taken when component vall
sed in decibels. Before combination, the valués should ideally be expressed in
.g. in per cent or in the units of the quantity) and not in decibels. The final v
ed uncertainty may be expressed either’in the units of the quantity, in per
ed to decibels as required.

It should be realized that the use of decibel to express uncertainties may lead to asymmetric dist
b dB is equivalent to +19 %, but —1,5dB is equivalent to —16 %).

When each component of uncertainty is small, i.e. less than 1 dB, the overall uncertainty|
d using decibel.

ommon sources:of uncertainty

considered.'exhaustive, but may be used as a guide when assessing uncertaintig
parameter. Depending on the parameter to be measured, some (though poss
these\sources shall need assessment. For example, the errors from me

efyetc.) for all signals and measuring only amplitude ratios. However, since thi

ents might be minimized by the use of the same measuring channel (amplifier,

$ion of

ral, uncertainty components are grouped according to how the values are-estimated:

erall uncertainty should be obtained from all uncertainty components in the manner

es are
linear
alue of
cent or
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can be

should
s for a
bly not
Bsuring
filter,
5 might

not be
include

d in the list.

Various potential sources of uncertainty are:

Due to

alignment and waterbath

— Positioning of the hydrophone for maximum signal

4 . e Il s £ 1 £ I}
Ure Lasc 11T dit TTTpIcHieritativurts, bUIII}JUIIUIItb TU1 tlleC SOUTCTS Ul CITOT ITave

been

— Misalignment, particularly at high frequencies where the hydrophone response may be far
from omni-directional

— Interference from acoustic reflections, leading to a lack of free-field conditions;

— Acoustic scattering from the hydrophone mount (or vibrations picked up and conducted
by the mount);
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Bubbles or air clinging to transducer and or hydrophone — this should be minimi
adequate wetting and soaking of transducers and hydrophones;

Cavitation bubbles and dust particles in the water

Variation in environmental conditions during the measurements (e.g. temperature,
mounting/rigging, etc.);

Errors in the measurement of distances;

Errors related to signal management

Errors felated to the ultrasonic field

Electrical noise on the hydrophone signal include RF pick-up;

zed by

depth,

Inaccuracy of any electrical loading corrections made to account for loading by extension

cablles and preamplifiers;
Inagcuracy of any electrical signal attenuators used

Errgrs due to the lack of linearity in the measurement system (the usegof“a cal
attgnuator to equalize the measured signals may significantly reduce this\Contributig

Inagcuracy of the gains of any amplifiers, filters and digitizers used;

Errors in measurement of the receive voltage (including the agcudracy of the me
insfrumentation — voltmeter, digitizers, etc.);

Errors due to the resolution of the digitizer

Errgrs in the Time Base

Ovg@rlapping acoustic scan lines
Varjation between scan lines

Lack of steady-state conditions

Errors in the values for acoustic frequéncy
Errors in the values for water density
Lodal temperature variations between repeated measurements

Insfability of ultrasonic tfansducer (e.g. instability of the output or electrica
conditions)

Hydrophone calibration® (note: absolute measurement of the field is only impof
accurate measurement of the local distortion parameter for the purposes
teclhnical specification)

Instability of the-hydrophone
Temperature sensitivity of the hydrophone
Non-linear Distortion (note: this effect should be minimal when following this te

ibrated
n);

hsuring

drive

tant in
of this

chnical

spekification)

The spatial averaging effects of the hydrophones due to their finite size
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Annex C
(informative)

Transducer and hydrophone positioning systems

There are numerous ways to mount the ultrasonic transducer and hydrophone such that
the requirements specified in 6.2 may be met. Figure C.1 illustrates a possible system.

Y
X
114 f/

Ly

Z
Z
7
7 o \
1 4
3 IEC 1106/14

1: ultraslonic transducer
2: beam|axis
3: tank

4: hydrophone active element

Figurp C.1 — Schematic diagram of the ultrasonic transducer and hydrophone degrees
of freedom. X, Y and Z denote the axis directions relative to the mounted hydrophone
and ultrasonic transducer.
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Annex D
(informative)

Rationale for I,

D.1 General rationale

While reliable power measurements may be made at clinical power levels, intensity
measurements at these levels are problematic because of propagational nonlinearites, limited
bandwidth of hydrophones and concern for damaglng hydrophones Therefore, [ a, was
proposgd : ' T

conditipns usmg results of power measurements made at clinical levels. SpeC|f|ca ly, the
genera| form of I, is

1

sal

:PC,G/Ab,G,q (D1)

where Yy, g o is the -6 dB beam area, measured under quasi-linear.conditions and P ¢ is the
power measured at clinical levels over the -6 dB area of the beanr:

D.2 |Determination of P ; using hydrophone measurements and extrapolption
from linear measurements.

P, s may be estimated from hydrophone measurements via planar scanning at quasji-linear
levels:

i
Pc,e = Pq,ﬁ?
a (D.2)
where
P. ¢ i the power within the =6 dB area at z = %p under clinical driving conditions
Pq76 i$ the power within‘the —6 dB area at T=2p under reduced quasi-linear driving
conditions
P, i3 the output.power under clinical driving conditions, as determined per IEC 62555
PO| i$ the output power under reduced driving conditions, as determined according to
I

EC 62655 or IEC 61161

NOTE \s discussed in Annex G, in some cases P may also be determined via planar scanning, but in general
uncertaintes—wit-be-higher-thanthrough—radiation .‘u.w methods—partettarforstrongly-foeused-transducers, so

the radiation force method is preferred.

D.3 Alternative determination of P ¢ using an aperture in combination with a
measurement of total acoustic output power

Alternatively, P, g may be determined by constructing an aperture corresponding to the —6 dB
beam area measured under quasi-linear conditions as in 7.2.5.2. Care should be taken to
construct the aperture such that it blocks the power from the surrounding area by at least —30
dB. This aperture is placed at the position z = Zp in front of the transducer, and a
measurement of P, is made in accord with |IEC 62555. The x- and y-position of the
transducer relative to the aperture should be iteratively adjusted to maximize the result of the
measurement. Errors arising due to the attenuation of the water propagation path should be
considered when using this method — in particular due to the losses which may arise from the
attenuation of higher frequency harmonics in the signal.
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D.4 Special case of uniformly vibrating spherically shaped transducers

For uniformly vibrating spherically focused transducers, an analytical solution [17] provides

the following relationship:

Py =0,682 P,

Combining Equations (D.1), (D.2) and (D.3) then gives

I, =0,682 P,/ Ay go=0868 P,/ [Dg .l

where D6,q = 4Ab‘6'q/n

(D.3)

Also, Using standard formulas [17] it can be shown that under linear €6nditions the ratio

betwegn the peak intensity and Iy, is given by

I

spta,q /Isal,q =179

which therefore gives the following result:

1

2
spta,g = 1,23 P /Ab,G,q =156 P,/ [DG‘q]

(D.4)

(D.5)
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Annex E
(normative)

Propagation and back-propagation methods
for field reconstruction: basic formulae and requirements

E.1 Motivation and background

In principle, the complete acoustic field at any point in space may be calculated if the
complete acoustic S|gnal is known at all pomts on any smgle plane transverse to the beam
axis, @ ' ' ' ' wave
propag t|on Suitable numencal algorithms eX|st in common practice for the case wher¢ linear
propagption applies [18,19,20]. Algorithms to model nonlinear propagation-‘also |are in
comman use for axisymmetric transducers [21,22].

Thus, if the field can be measured across a plane near the transducer aperture, it can be
projected to any other plane including the focal plane, under many conditions.

Potentiglly, the field may be sampled near the transducer aperturé before focusing effefts can
create |damage to hydrophones or lead to nonlinearities dué{to propagation effects. This
informgtion can be used to perform back-projection and determine the field on the $ource.
Then the field at the focus may be estimated using one/of ‘the existing forward propfagation
methods [18-21]. In principle, the propagation may be)ydone using a model that includes
nonlindarity and tissue absorption [18-23]. However, as discussed in Clause A|3, the
approa[h of this technical specification is to restrict the discussion to numerical prgjection

assuming linear propagation models neglecting absorption. The more advanced propagation
approaches are left to future editions of this.décument, and in the meantime the repder is
referredl to the research literature [18-23].

Also, the need to evaluate sidelobes throughout significant volumes poses a challenge for
efficient measurement, because hydrophone scans throughout large volumes may be time-
consu;ting. To overcome this djfficeulty, numerical algorithms have been employed, which
calculate the field at different positions based on a thorough set of measurements (both
amplitdde and phase) performed on one plane transverse to the beam axis.

This method has the advantage of requiring only one raster scan, instead of multiplg raster
bjected
5e with
ements

. |As the

f ' f f e and the
extent of the scan in the transverse dimensions mfluences the accuracy of the results. Also,
the directivity of the hydrophone shall have an effect on the accuracy of data collected away
from the beam axis. Therefore, both the phase and amplitude of the directional response of
the hydrophone should be considered as described in Clause E.2. Finally, note that if
measurements are not made at quasi-linear levels, the effects of non-linear distortion (e.g.
attenuation of harmonics, and hydrophone bandwidth) must be considered.

E.2 Theory

E.2.1 General

For linear propagation simulations, two methods are used frequently: an angular spectrum
method (i.e., a Fourier projection) [20,24] and a Rayleigh integral method [18-19,24]. If the
measurement plane surface is placed at a small (of order of a wavelength) distance from the
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source to capture evanescent waves, the corresponding backward propagation procedure is
called nearfield acoustic holography (NAH). Under such conditions, source vibrations can be
reconstructed with a spatial resolution much smaller than a wavelength. In contrast, if the
measurement surface is placed far from the source, which is usually the case for medical
ultrasonic transducers, evanescent waves are not captured. Accordingly, calculation of the
backward propagation is approximate and yields a spatial resolution of about a wavelength
[18-19].

Both methods require complex (amplitude and phase) pressure data sampled on the flat XY
plane. The angular spectrum method is typically used for projections from plane to plane,
although it can also be used for curved surfaces, calculations are computationally more
intensive.

For notation simplicity, we define the scanned plane to be at z =z (Figure E.})."Here the
source aperture plane is assumed to be at z =0 and using it is a way of register|ng the
coordinate system for computation with the location of the physical transducer.

1

D

A\

I AR R AR R RRRF )R RRIEREREENRERENENRNNH.,]
A4

IEC 1107/14
1: ultrasjonic transducer
2: backward projection region

3: forwaild projection region

4: scann|ng plane (X, ', Z,)

Figyre E.1 — Geometry of problem for forward and backward projection techniques.

Considger asseurce operating in cw mode (the more general transient case can be considered
similarly {25]). In a cw regime, the acoustic pressure waveform Piotal has the following fprm:

1 -i 1 . i
ptotal(x, y,z,t)= A(x, y,z) cos[wt — p(x, y,2)] = Ep(x,y,z) e TSP (x,y,z)e'", (E.1)

where p is the complex pressure amplitude, A is the real pressure amplitude, ¢ is phase,
o is the circular frequency, and * denotes complex conjugation. Amplitude A4 and phase @
of the acoustic pressure at a given point are derived from the hydrophone output Piotal - The

complex pressure amplitude p(x,y,z) is then expressed as

p=4e” (E.2)
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Two-dimensional distribution of the complex pressure amplitude p (e.g., two 2D plots for

amplitude 4 and phase ¢) allows calculation of the acoustic field in the entire space in front
of the source. Therefore, this 2D plot can be considered as the source hologram.

E.2.2 Fourier projection approach
E.2.2.1 General
Calculation of acoustic pressures by Fourier projection comprises two steps [20, 24]:

1) Fourier transform of the complex acoustic pressure amplitude over the scanning plane
z =z (Eigure E 1)
0\ J 7

Flkok)=[[p(yz)e T dxdy €3

Inversg Fourier transform to get the complex pressure amplitude at desjred points (x,Jy,z) in
the forward or backward direction:

p(x,y,2)= —(23[)2 [[F e, ke e e Dk ik,
(E.4)

where [k =27z /A is the circular wave number and kx and ky are the wave vector comppnents
along the x- and y-axes, respectively.

NOTE It is assumed that the complex acoustic pressure amplitude p(x’,)’,z,) is determined from hydfrophone
measurements in the scanning plane (see 6.1.1).

E.2.2.2 Fourier projection computation

In pragtical implementations, the.jintegration is restricted to a limited scanning region for
measufements. Usually measurements are performed using a raster scan with discrefe step

sizes Ax and Ay to fill a rectarigular shape of size L xL . Scans are commonly iderjtical in
the x- and y-directions, forming a square region with L = Ly = L and incremental step sizes

Ax = Ny = h. Fourier integrals can then be discretized:

Flkok)=h Y p.y.z)e "

- (E.5)
p,y,2) =L Y F(k, k)" Eo)e i) €6)
Kook,

Here x' and y' are summed over the scanned data in the measurement plane, while k_ and
k, run from —z/h to 7/h with step 27 /L.

To project the 2D pressure distribution measured on the plane z =z, to another plane z =z,

a computationally efficient FFT algorithm may be used. This computational efficiency is an
advantage of the Fourier approach. Each pressure value used as an input or output of the
calculation should be interpreted as a point sample of the acoustic field.
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Fourier projection preserves energy and momentum exactly. So, the total power P(z) flowing
through each output plane (vector Poynting integral) is equal to the input plane flux [22]:

P(2) = %ZRe b. (3,2 (53 2)

(E.7)

where Vv_(x,y,z)= (kZaL2 )l >k, F(kx,ky)eikz(z_z°)ei(k”x+k"y) is the z-component of the

k. .k,

particle velocity and Z = pc is the characteristic acoustic impedance

For Fo

irier projections, the sampling resolution 7, the size L of the measurement W

and thg size of the projected output window are all highly important.

E.2.2.3 Resolution (sampling) issues

For prdctical purposes, good reconstruction quality of the focal region-can be achieve
scannimng resolution of measurements meets or exceeds the Nyquist limit:

i) A
i) N

For hig
one-ha

NOTE
the requ
method
smaller

h<-Z_~ AN

max

L« is defined from the requirement that E(k >k ky >k

no significant angular spectrum for higher wavenumbers and )

max? ) D€ negligible (i.e

is the ultrasound wavelength

= Focal Distance / Transducer Diameter is the transducer’s F-number

h steering angles and reconstruction of distant side lobes, a finer sampling of le
If wavelength is preferréd;

h< /2

Fquation (E.9)specifies only the spatial sampling for the raster scan, not the hydrophone size. In
rements for_the effective hydrophone radius are given in 6.1.5, which is applicable for the p

han half-the step-size #; if not, the effective sampling will be larger than the step-size and the i

this on nmjeasurement uncertainty needs to be considered.

The s

hs well as direct measurement. In general, it is expected that the effective hydrophone radiusg,

indow,

d if the

(E.8)

, there

s than

(E.9)

general,
rojection
will be
mpact of

atial racaolution 11cad alana tha curfarg Af tha racanctriictad trancdiicaor ic im
St t—He-SorHHeH—4d o—atroh tHE—SUHAE o+t e RHStetea—taRSadee—t HH

ortant

J
only for visualization purposes and may be changed “on the fly” by zero padding in the Fourier

space.

E.2.2.4 Window size issues

A discrete Fourier transform is intrinsically periodic with the window size period. Thus any
field pattern or side lobe that enters the input window but appears to miss the projected
output window shall actually be periodically replicated back into the output window. This
computational artefact can be considered as a safety feature: if potentially dangerous side
lobes exist, they shall be detected in any calculated forward projection along the beam axis

from th

e external transducer surface plane. See Figure E.2.
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y (mm)
IEC

with too small a window (results with larger window in right)
h of beam within —6 dB of focal intensity
h of beam within —10 dB of focal intensity

e of ultrasonic transducer

ion axis

axis

ize is too small to include side lobe (left side picture)\Part of it replicates periodically to opposit
ow. Simulation artefact is removed by enlarging the- window (right side picture). The Transdug

Figure E.2 — Transducer focusediat —15mm, y = 48,16 mm, z = 56,85 mm

I consequence of this artefact)is the possible presence of “reflection” ripple
field. The way to remove it\is.to enlarge the input window by zero padding. The

~NoOgbhwiN

1108/14

e side of
er plane

on the
region

of intenest may be also shifted.<on’ the fly” in that the output window can be centred through

phase

E.2.2.5 Filtering

Fourienl projection"works in the eigenstates basis of the acoustic field (plane |
Unphygical, nen<propagating harmonics 1/kxz+ky2 >k=27/A may be set to zero

Fourier| space. For these harmonics, k, = kz—kxz—ky2 =i

shifts in the Fourier space: F(kx,ky) = F(kx’ky)eXpE(kxxshift +kyyshiﬁ)] .

k_| is purely imaginary

vaves).

in the

50 that

z

the factor eik:(z_ZO) in (E6) decays with distance for calculated forward projections (z > z),

and grows exponentially for calculated backward projections (z <z,). Considering only

. . 2 2 . . .
harmonics with 1/kx +k,” <k reduces measurement noise and avoids exponential

divergence of evanescent waves being back-projected. Such filtering smoothes the pressure
distribution during projections in that pressure-field details smaller than a wavelength are lost.
This loss corresponds to the classical diffraction resolution limit and does not influence the
accuracy of field projections because evanescent waves are present only in a narrow

wavele

ngth in the immediate vicinity of ultrasound sources.
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E.2.3 Rayleigh integral approach
E.2.3.1 General

Contrary to angular-spectrum projections, the Rayleigh integral can be evaluated not only on
flat surfaces, but also on smoothly curved surfaces. As such, the Rayleigh integral allows
computation of the acoustic field generated by a distribution of normal velocities or acoustic
pressure on a curved transducer surface [17, 26]. The Rayleigh method is therefore more
flexible and universal; however, Fourier projections are more computationally efficient, which
may be important for large reconstructions. Both methods are mathematically equivalent [26]
for the case in which infinite, flat planes are sampled continuously. Accordingly, proper
implementation of either the Rayleigh or the Fourier approach should yield the same results.

There gre several Rayleigh-type integrals. Acoustic pressure at a given point can pe*derived
from either a normal velocity distribution or an acoustic pressure distribution on some surface
(e.g., the source aperture plane). The corresponding expressions are called firstzand second
Rayleigh integrals, respectively. Particle velocity components can also be-expressed from
surfacg pressure or normal velocity by Rayleigh-type integrals [20]. /op the purpose of

forward projection (z>z,) it is possible to use the Rayleigh second integral oyer the
scannimng plane [26]:

kR

1 ! ! a € ! !
p(x,y,Z>Zo)=—gﬂp(x,y,zo)a(?]dx dy (E.10)

where n is the local outward normalk.\to the measurement surfacqg and

R= \/(x —x’)z + (y—y')Z + (Z—ZO)2 . When the-~integration is performed over the entire| plane,
the formula (E10) gives exact expression foriacoustic pressure at z > z,. A similar expfession

can be|used for the calculated backward:projection (z < z,) [18]:

—ikR

1 . 0 (e
p(x,y,z<zo)=—5”p(x,y,Zo)a( R

jdX'dy' (E.11)

!

where [n" is the local.inward normal to the measurement surface. Note the negative [sign in
the exponent, jn.contrast to Equation (E.10). With this equation, back-propagation
calculations aré hot rigorously exact, as they do not account for evanescent waves. Similar to

the filtering jof harmonics in the angular spectrum approach (i.e., 1/kx2+ky2 > k), the

expresgion” (E11) smoothes out details that are smaller than a wavelength. Therefore, it
provides a practical and sufficiently precise method for performing back-projection
calculations.

E.2.3.2 Rayleigh integral projection computation

For numerical implementation, the Rayleigh integral is replaced by a finite sum over a discrete
number of sample points. If acoustic pressure is measured by a raster scan with equal steps
in two directions (Ax=Ay =h), the outward normal 0/0n is replaced by 0/0z and the

inward normal 0/0n' is replaced by —0/0z, then (E10) and (E11) are replaced by

h2 a eiikR
X, V,2)=F— x', v zy)— E.12
p(x,,2) +2ﬂ§p( y Zo)az( R j (E.12)
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where the negative/positive multiplier and the positive/negative sign in the exponent
corresponds to forward/backward projection. Physically, the reconstructed acoustic field is
equivalent to the field emitted from a superposition of point sources located at each of the
sample point locations. If the step 4 is not sufficiently small, Equation (E.12) leads to some
overestimation in reconstructed field values especially at high steering angles or for side
lobes. For most purposes, half-wavelength sampling is sufficient, i.e. formulas (E.8) or (E.9)
are applied in this case as well. If one needs even more accurate results, original data may be
resampled by Fourier or spline interpolation before feeding it into the Rayleigh sum.

E.3 Implementation

E.3.1 General

Scanngd measurements are most often taken in a plane close to the transducern to catgh most
of the fadiated acoustic energy within a relatively limited scanning window{{Figures 1 gnd 2).
Measufement considerations can be found in Clause 6, see also [18-20],

E.3.2 Recommendations for hydrophone

Most dften, to avoid parasitic reverberation between the source and the receiver|during
measufements close to the source, needle hydrophonesiare used. To avoid ndnlinear
distortipn of the waveform, measurements are performéd™in a linear regime (i.e., [at low
intensify levels). With appropriate scan parameters{ (window size and resolutiofn), the
reconsfructed field will predict exactly the same signal/values that could be measured|by the
same hydrophone placed physically at the reconstructed positions. Thus, hydrgphone
paramgters for the numerical field reconstruction_aré of the same importance as for anly other
hydrophone quasi-cw measurements.

Hydrophone directivity can be measured-as a response (amplitude and phase) to plane| waves
coming from different directions. If such data are available, they provide full hydrgphone
calibration. For characterization of the-focus, it is sufficient to have uniform (<3 dB) directivity
within [the angle defined by ~the transducer's numerical aperture. For quantitative
measufements of high angle side-lfobes, hydrophone directivity should be sufficiently wide to
include| these high-angle incident directions.

As an [additional advantage of numerical reconstruction methods, the output field may be
corrected for hydrophone directivity. In this case, the Fourier image of the scannegd field
should|be replaced:by

Fvcan (kA > ky )

F(k,k,)=
— Dlkk) (E.13)
where D(k,,k,) is the hydrophone directivity.
NOTE The directivity of the hydrophone may be estimated as
2J1[kae sin(9)]
D(kx,kypW (E.14)

where H:arctan[ }kf +kf /k} and where a_ is the effective radius of the hydrophone, as determined using the

procedures of 5.6 of IEC 62127-1:2007.
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E.3.3
E.3.3.1

Recommendation for planar scan parameters

Waveform acquisition window

The preceding discussion has assumed that the waveforms are acquired under cw operating
conditions. In practice, hydrophone measurements are carried out under toneburst conditions
to avoid acoustic reflections and interference, so it is necessary to select a period of time
after the start of a toneburst during which the acquired waveforms are representative of the
field which would exist at the same location under cw operation in free-field conditions.

The selection of the preferred acquisition window is often a compromise taking into
consideration at least the following:

a) The ring-up time of the transducer — this can be measured at the focus or at the la

ma

Kimum (for an unfocused transducer).

b) The time of flight between measurement points and all points on the transducer su
continuous wave conditions can only be established after waves from_all parts

c) Re
lon
of t

d) Mu

3 z;

sur

e) Inte

of t

In sele
with a

comprd

radjating surface have reached the measurement point.

lections from the hydrophone mount, water surface and tank walls — if the tone

he surfaces with acoustic absorber.

tiple reflections between the hydrophone and transducer — these can sta
hinfc Where z
face.

he toneburst resulting from internal reflections:can sometimes be seen.

short burst (1 to 3 cycles) to identifyindividual sources of reflection. A con

opposifle one edge of the radiating surface~(Figure E-3). The acquisition window should
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after the start of excitation (where ¢

plane i
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Figure E.3 — Selection of acquisition window

Scanning window size and sampling

vant acoustic energy or/and side lobes_should pass through the scanning w
that passes outside the window cannotbe reconstructed by any numerical sim
al characterization, it is generally sufficient to scan in a small focal plane that in
de lobes (Figure E.4). But for full transducer characterization, it is better to sca
transducer surface so that the-~scan window contains all energy transmitted
body. Scanning resolution (sampling) has been discussed in E.2.1, see Eq
nd (E.9).

indow.
ilation.
cludes
n close
to the
Lations
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hone measurement

2: numelical reconstruction

3: range

Acoustic

of scanning used to provide input to numerical algorithm

cw field of 590 kHz frequency was raster-scanned with 0,25.mm step within a 40 mm x 40 mm W

the focdl XY plane (intersection with the XZ plane shown Hy“the black bar on right), zero pad

reconstr

0,4 mm
(at left).
propaga
reconstr

Fi

E.4

Source

icted by Fourier projection forward and backward fromithe scanning plane. Hydrophone used: H

bensor size. Reconstruction result in the XZ plane (at right) is compared to the direct scan meas
It is seen that lobes that intersected the scannipng window are reconstructed and propagated
ed) very well, whereas the side lobes that did\not intersect the scanning window are misse
iction.

gure E.4 — Scanned field compared to its reconstruction from a finite windg

Assessment of uncertainties

s of uncertainty may, include:

a) Hydrophone directivity. The effect of hydrophone directivity on measurement uncs
shquld be simulated-.

b) Sa

pling position errors. There are different kinds of mechanical errors in scann

may affect correct field reconstruction:

1)
2)
3)
4)

andom position error due to vibrations or mechanical freedom;

C 1110/14

indow in
Hed and
ZT-type,
urement

or back-
d in the

w

ertainty

br, that

caling position error;

non-perpendicular axis alignment error;

scanning backlash.

c) The effect of these sources of error on the uncertainty should be assessed in simulation.
The setup should be validated. It may be done by scanning different planes to compare
them with the predictions of the numerical reconstruction. Validation criteria may be:

1)

The spatial-peak temporal average intensity error should be less than 20 % when
comparing the measured results to simulations of the derived intensity. The
comparison should be done at safe quasi-linear levels at the focal point, as described

in 7.2.5.3.

It is recommended that comparisons between the results of numerical projection and
the results of direct measurements be made with the same hydrophone—i.e., the same

hydrophone is used for the input to the projection algorithm and for measurem

ents at
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the focus. This will eliminate the effect of uncertainty in the absolute calibration of the
hydrophone.

2) Comparison of side-lobe intensity levels, as discussed in 7.2.6.3.
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Annex F
(informative)

Propagation and back-propagation methods
for field reconstruction: examples and uses

F.1 Examples

F.1.1 Fourier projection example

Scanni gtestequipmentdevetopedisshowmimFgure -

1) A fpcusing transducer (flat rectangular array 8 cm x 8 cm in size) driven by a’eommercial
clinfical system is mounted in the bottom of a tank that is fitted with a scanner (Figurne F.1).

1: hydthone

2: ultrasjonic(transducer

Working J disk to

1
prevent reflections from water surface.

Figure F.1 — Transducer inside 2-axis scanner setup

2) The transducer is driven to focus at a predefined position: X =0, Y =0, Z =60 mm above
its external surface. The ultrasound frequency is 550 kHz.

3) A scan was performed 20 mm above the transducer surface. The window size was
100 mm x 100 mm and the step size was 1 mm (0,37 wavelength). Measured pressure
amplitudes are shown in Figure F.2.
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Figure F.2 — Pressure amplitude as scanned

c pressure was reconstructéd by a Fourier projection through
N x 300 mm x 150 mm volume.._ The original scan was zero-padded to achieV
hgth resolution in the projection. The results for XY, XZ, and YZ planes are sh
F.3.

pbut a
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9

1EQ
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Figure F.3 — Reconstructed pressure amplitude distribution in
3 orthogonal planes that contain the focal point

1113/14

The entire volume was searched for intensities above -6 dB and -10 dB thresholds relative to
maximal detected value. Results are depicted in Figure F.4 as a 3D plot in which dangerous
hot region margins are marked (in this case, only the focal region, but in general these may

be determined from volume reconstruction).
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Black and red boundaries show regions with intensities above —6 dB and —10 dB thresholds. Focal @xes are
defined glgorithmically from beam analysis{The blue region indicates locations on transducer aperture plagje where

pressures exceed some predefined threshdld. The scan was performed at a height of Z = 20 mm.

Figure F.4 — 3D representation of the focal beam for nominal focus at x = -0,85 mm,
y=-0,25 mm, 7 = 58,95 mm

The pressure field was“back-projected onto the source surface with a calculation step(size of
1/6 wdvelength A(Figure F.5). Such a plot can be used for detecting major trarlsducer
malfung¢tions.
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