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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS — FLOW MEASUREMENT SYSTEMS -
FLOW TEST OBJECT

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
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IEC also participate in this preparation. The IEC collaborates closely with the Interhational O
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interested National Committees.
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to promote international unification, IEC National Committees undertake to apply IEC In
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

Annexes A, C, D, E and F are for information only.

Annex B forms an integral part of this standard.

The committee has decided that the contents of this publication will remain unchanged until
2006. At this date, the publication will be

recon

firmed;
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replaced by a revised edition, or
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ded.
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INTRODUCTION

The purpose of this International Standard is to establish a flow Doppler test object for the
acceptance testing, quality assurance testing and clinical calibration of Doppler systems,
working at a frequency between 2 MHz and 10 MHz. As the response of Doppler systems
depends on the signal level and on the spectral contents of the signal, it is desirable to test
some aspects of a Doppler system with a test object that mimics the in vivo situation. A flow
Doppler test object is particularly useful for

— testing the influence of the size and the depth of the blood vessel on the signal recorded by
a Doppler system;

— testing the response of a Doppler system with a spectrum of blood velocities typical of the

in vivp sttaation.
This flow test object is not intended as a phantom mimicking clinical conditions!
The bas|s of this International Standard is given by IEC Technical -Report 61

Ultrasoni
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engineer
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In literat
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correctio

cs — Continuous Wave Doppler systems — Test procedures. In_annex A the p
jlard in relation to IEC 61206 and IEC 61895 is described. This{standard only
rs that can be measured with the test object. Measurement methods are
6 and IEC 61895.

national Standard deals only with the flow Doppleritest object in a restrictg
pction in which the ultrasonic measurements are“performed. Where the whd
meant, the phrase 'flow rig' is used. The prescriptions of this International
e ultrasonic properties and the flow patterinin the measurement section off
Ct. For other aspects of the flow rig (i.egenerating and measuring flows)
ng practice has to be followed.

conditions are simplified as muchas possible: a steady flow through a stra
Cular cross-section. Generalisation of the flow conditions to other geometries

taken in this International.Standard.

D, an example flow‘Doppler test object is described which complies
bnts of this International Standard. Compliance with this International Stan
ulfilled by measuring the properties of the materials to be used, and compl
S given in thiS\nternational Standard.

ire [1];J2] the nomenclature about the primary measurand of Doppler sy
'Doppler frequency' and 'velocity' occur on equal footing. In ‘'velocity'
N for Doppler angle has been included. To avoid this ambiguity, in this Intg

P06:1993
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declares
given in
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le of the
Standard
the flow
standard

ght tube
and time

nt flows is required in order to“test some instrument functions. This generaljsation is
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rnational

Standard

the term ‘nnplnlnr frnnlmnnr‘y' is Inrnfnrrnd ln_case a I‘)npplnr system is_del

lared to

measure velocity, it is intended that measured values are converted to Doppler frequency,
using acoustic working frequency and, if applicable, Doppler angle.
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ULTRASONICS — FLOW MEASUREMENT SYSTEMS -
FLOW TEST OBJECT

1 Scope

This International Standard specifies parameters for a flow Doppler test object representing
a blood vessel of known diameter at a certain depth in human tissue, carrying a steady flow.

This Intermatiomat—Standard—estabtishes—a—ftow—DBoppter—testobject—which—came used to
assess various aspects of the performance of Doppler diagnostic equipment.

2 Normative references

The follolwing normative documents contain provisions which, throughCreference in [this text,
constitute¢ provisions of this International Standard. For dated_references, supsequent
amendments to, or revisions of, any of these publications do net{apply. However, parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. Foll undated
referencgs, the latest edition of the normative document feférred to applies. Membefs of IEC
and ISO maintain registers of currently valid InternationakStandards.

IEC 61206:1993, Ultrasonics — Continuous-wave Deppler systems — Test procedures

IEC 61102:1991, Measurement and charactefisation of ultrasonic fields using hydroghones in
the frequency range 0,5 MHz to 15 MHz

IEC 61895:1999, Ultrasonics — Pulsed Doppler diagnostic systems — Test procgdures to
determing performance

3 Defipitions

For the purposes of this International Standard, the following definitions apply:

3.1
-3 dB Dgpplenfrequency
frequency-atwhich the power per unit frequency in the Doppler spectrum is half (-3 dB) of the
maximunt value

3.2

-3 dB sample volume

volume of a region in space for which the Doppler system gives a response to a point Doppler
target that is above -3 dB from the maximal response, taking account of the effects of both
transmission and reception

Unit: cubic millimetre, mm3

3.3

-3 dB sample volume length

largest dimension of the -3 dB sample volume in the direction of the beam alignment axis
(see 3.5 of IEC 61102)

Unit: millimetre, mm
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3.4

-3 dB sample volume width

largest value of the dimension of the -3 dB sample volume along an axis which is
perpendicular to the beam alignment axis. In case the Doppler system has a scan plane, the
axes are taken in the scan plane and perpendicular to the scan plane

Unit: millimetre, mm

3.5

acoustic-working frequency

frequency of an acoustic signal based on the output observed by a hydrophone placed in an
acoustic field: it is the arithmetic mean of the two frequencies at which the amplitude of the
acoustic pressure spectrum is 3 dB below the peak amplitude

[conform§ to 3.4.2 of IEC 61102]
Unit: hertz, Hz

3.6
aliasing
false indication of signal frequency as a result of sampling at too low a ffequency

NOTE The threshold for aliasing depends on pulse repetition frequency and a pgssible base line shift.

3.7
average frequency of the Doppler spectrum
parametdr estimated by clinical Doppler systems for €he” short-time average in al Doppler
spectrum|, ignoring the contributions from noise

NOTE The average frequency of the Doppler spectrum_iss generally determined for a small tinje interval,
typically 2 jms to 20 ms).

Unit: herfz, Hz

3.8
axial response range
depth raIge in tissue over which.g signal from a specific target plus noise is at least 3 dB
above the¢ noise level

[see 2.4.1 of IEC 61206]
Unit: milljlmetre, mm

3.9
blood-m[micking-ffuid (BMF)
fluid whigh simulates blood acoustically and is moved at a known flow rate through|the flow
Doppler testiobject

3.10

channel separation

ratio of the signal level in the signal channel corresponding to the movement in the test object
(the desired output voltage) and the signal level in the opposite channel (the undesired output
voltage)

NOTE Channel separation is to be quoted in decibels as twenty times the logarithm of the desired output to the
undesired output voltage.

[see 2.6.1 of IEC 61206]
Unit: decibel, dB


https://iecnorm.com/api/?name=fb5a0b7d4c0a24b03fe4317c8e47e185

—8- 61685 O IEC:2001(E)

3.11

colour display spatial resolution

minimum separation in space for which two separate moving point targets or line targets can
be resolved

NOTE The colour display spatial resolution is measured in three directions: 1) along the beam alignment axis,

2) the direction perpendicular to the scan plane and 3) the direction in the scan plane perpendicular to the beam
alignment axis.

Unit: millimetre, mm

3.12
dead zone boundary
boundary of the region close to the transducer in which the system is insensitive to movement

3.13
depth offmeasurement
distance from the surface of the tissue-mimicking material to the centre ofvthe tubd. In case
various attenuating materials, not being tissue-mimicking material 0r~blood-mjmicking
material | are present in the ultrasonic path, the depth of measurement is taken fo be the
equivalent distance in the tissue-mimicking material, from the surface of thg tissue-
mimickirjg material to the centre of the tube, over which the attenuation is the same ps that in
the actudl path in the flow Doppler test object

(see also annex B)
Symbol: M
Unit: milljlmetre, mm

3.14
Doppler @pngle
acute angle between the Doppler beam axis‘Used for the Doppler measurement and the axis of
the tube

Symbol: §
Unit: degfee, °

3.15
Doppler pngle error
difference between the measurement of the Doppler angle and its true value

Unit: degree, °

3.16
Doppler frequency —3 dB response range
frequency—egier—r—the—beppler—speetrum—arounrd—the—fregue
frequency is maximal, which is delimited by the nearest -3 dB Dop
Unit: hertz, Hz

NOTE The Doppler frequency response range at another signal level may be used in an analogous way.

Aey—where—power per unit

ey
pler frequencies

3.17

Doppler frequency non-linearity error

largest frequency deviation of a data point from the least squares fitted line through the origin
in a plot of Doppler frequency versus observed velocity over the Doppler frequency -3 dB
response range

[see 2.3.2 of IEC 61206]
Unit: hertz, Hz
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3.18
Doppler frequency response
Doppler signal level (in dB) as a function of Doppler frequency

3.19

dynamic range

ratio (in decibels) between the largest Doppler signal which can be processed by the system
without generating spurious outputs and the smallest Doppler signhal which can be detected

NOTE Dynamic range is a measure of the ratio between the maximum allowable signal from clutter and the mini-
mum signal level at which flow can be detected.

Unit: decibel, dB

3.20
fixed target effect on sensitivity
change ih Doppler output level (in decibels) when a strongly reflecting stationary structure (a
perfect regflector, see 2.3.3.2 of IEC 61206) is brought into the Doppler beam

Unit: dec|bel, dB

3.21
flow Dogpler test object
physical model of blood flowing within a vessel that is embedded in soft tissue. The|object is
compose[d of tissue-mimicking material through which bleod-mimicking material is caused
to flow

3.22
frequendy to colour translation table
table whigh describes the way in which Doppler ftequencies are mapped to colours for|display

3.23
highest detectable Doppler frequency.
Doppler frequency corresponding to<the” highest observed velocity which can be dgtermined
unambiguliously (without aliasing)

Unit: hertz, Hz

3.24
inner digmeter
inner diameter of thetube through which the blood-mimicking fluid flows

Symbol: D

Unit: milljlmetfe,;"mm

3.25
inlet length

distance over which the tube must have a uniform cross-section in order to ensure that a well
defined velocity distribution develops which is independent of the flow conditions at the entry of
the tube

Symbol: L
Unit: millimetre, mm

3.26

intrinsic spectral broadening

width of the frequency region over which the spectral intensity is above —3 dB from its maximal
value, when the Doppler system observes a moving target having a single velocity

Unit: hertz, Hz
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3.27

lowest detectable Doppler frequency

Doppler frequency corresponding to the lowest observed velocity which can be distinguished
from noise

Unit: hertz, Hz

3.28

maximum frequency of the Doppler spectrum

parameter estimated by a Doppler system for the highest occurring frequency in a Doppler
spectrum, ignoring the contributions from noise

NOTE 1 The maximum frequency of the Doppler spectrum corresponds to the highest velocity occurring in the
sample volume at a certain time.

NOTE 2 (linical Doppler systems generally determine the maximum frequency of the Doppler spedqtrum for a
small time |nterval (typically 2 ms to 20 ms).

Unit: herfz, Hz

3.29
observed velocity
componegnt of the velocity of a scatterer that is directed towards or away from the trangsducers

[definition 1.3.10 of IEC 61206]

3.30
paraboli¢ velocity profile
axisymmetrical flow distribution in a cross-section of the tube, in which the velocity decreases
in proportion to the square of the distance from theitdbe’s axis, and the velocity at|the tube
wall is zefo

3.31
penetratfon depth
maximunp depth in tissue-mimickingsmaterial from which a Doppler signal can be|detected
from noide

Unit: milljlmetre, mm

3.32
sample yolume positionerror
difference between the centre of the sample volume on the image and its true position

Unit: milljlmetre, mm

3.33
tissue-mlimicking material (TMM)

material WNOSE pertinent Ultrasonic properties (sound Velocily, attenuation and scattering) are

similar to those of soft tissue

3.34
tube
conduit which carries the blood-mimicking fluid (BMF) flow

NOTE The word tube also applies to the case of a hole in the tissue-mimicking material.

3.35

volume flow measurement error

100 times the absolute value of the difference between the Doppler measurement of a
particular volume flow rate and its true value, divided by the true value

NOTE The volume flow measurement error has a sign and is reported as a percentage.
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kness

thickness of the wall of the tube

NOTE In the case of a hole in the tissue-mimicking material, the value of the wall thickness is zero.

Symbol: w

Unit: milli

3.37
working

metre, mm

distance

distance between the transducer and a specific target in tissue-mimicking material when the

signal is

maximal

Unit: mill

3.38

zero-vel
r.m.s. vo
moving p

Unit: dec
NOTE1 (
NOTE 2

4 List

= vel

metre, mm

city noise level
tage of the signal (in dB) on the Doppler output connector undenthe conditio
ortion of the Doppler test object is stopped

bel, dB
enerally the zero-velocity noise level is the sum of the system neise level and the clutter ng

yero-velocity noise level is reported as dB with respect to 1L.m¥ r.m.s.

of symbols

Dcity of sound

c
Cy = Ve
G

city of sound in the wall material

= velgcity of sound in the tissue-mimicking.fmaterial

= ve
= inn

= acgq

= inl{

city of sound in the blood-mimieKing fluid

er diameter of tube

ustic-working frequency of the investigated equipment
h length in TMM

bt length

= depth of measurement *

Gy
D
f
h = pat
L
M
g = floy

Re = Re

v = loc

vV rate ofrbleod-mimicking fluid

noldssnumber *

h that the

ise level.

bl velocity of blood-mimicking fluid

Vavg= Velocity averaged over the cross-section of the tube *

Vmax= the

highest velocity occurring in a cross-section of the tube *

= wall thickness of tube

= characteristic acoustic impedance *

= attenuation coefficient of sound

= Doppler angle

= density of material

w
Z
a
n = viscosity of a blood-mimicking fluid
6
P
o

= differential scattering cross-section in the backward direction per unit volume, also called
backscatter coefficient

NOTE For quantities marked with an asterisk, formulae are given in annex B.
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5 General outline of flow Doppler test object

An example showing the place of the flow Doppler test object in a complete measurement
system (flow rig) is shown in annex E.

The flow Doppler test object consists of a block of material which mimics the ultrasonic
properties (sound velocity, attenuation and scattering) of soft tissue. In a straight cylindrical
conduit flow a blood-mimicking fluid (BMF) represents flowing blood. The arrangement of
tissue-mimicking material (TMM) and conduit is such that the Doppler transducer can
observe the BMF flow through a range of depths in tissue. Three different forms of a flow
Doppler test object exist:

- the C<Lnduit is made of a tube above which a triangular block of TMM is present (figure 1a);
- the conduit is made of a tube lying inside the TMM (figure 1b);
- the conduit is a cylindrical hole inside the TMM (figure 1c).

Hereinaffer, the term tube shall be used to refer to all types of conduit.

A flow Doppler test object may have a number of conduits with<different diameterg. In that
case, the| requirements of this International Standard apply to each conduit separately

The blogd-mimicking fluid (BMF) has rheological propgefties resembling those of whple blood
in large |arteries (of diameter >0,5 mm). Under such- circumstances, the effect| of non-
Newtonign flow can be neglected. The backscatter coefficient of the BMF is similar {o that of
blood in Vivo. For this purpose some solid particles-are added to the fluid.

Doppler
transducer
hT
,‘9
3y

\T

D

IEC 1068/01

Figure la) Figure 1b) Figure 1c)

Figure 1 — Three configurations for Doppler flow test objects

6 Specification of the flow Doppler test object

6.1 General

Examples of suitable measuring methods can be found in annex F.

Unless otherwise indicated, the specified values shall be valid at 22 °C. The flow Doppler test
object is intended for use in the temperature range 19 °C to 25 °C.
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The flow Doppler test object is intended for use with a steady (non-pulsatile) flow. The
maximum instantaneous deviation of the flow rate from its average value shall be measured
and reported for any particular application.

The velocity of the BMF averaged over the cross-section of the tube shall be known with an
uncertainty not larger than 5 % (95 % level of confidence).

6.2 Blood-mimicking fluid (BMF)

The properties of the blood-mimicking fluid (BMF) shall be similar to blood in vivo.

The concentration of particles shall be sufficiently high that at least 1 000 particles are present
in the smattestsamptevotumeof the DopptersystermatagiverimstatimrtinTe:

The rheqlogical properties of the BMF, when flowing in tubes with a diameter of| at least
0,5 mm, shall be those of a Newtonian fluid.

Table 1 — Typical ranges of parameters for blood at 37*¢C,
where f is the acoustic-working frequency in hertz

Sound veldcity (1570to 1 595) m s [31[4]

Density (1 050 to 1 055) kg m~#3 [5]
Characterigtic acoustic impedance (1,65 to 1,68) x 108.kg m-2 s-1

Backscattef coefficient 4,0 x 10-31 x fAm-1 Hz-4 sr-1 [6]
Attenuatior (0,15 t0 0,22) x 104 x fdB m-1 Hz-1 [3][4]
Viscosity (1,7 to<4,4) x 103 Pa s [5]

Derived ffom table 1, the following parameters for the BMF are chosen:

Table 2 — Spegification of blood-mimicking fluid (BMF)

Sounmd velocity (1570 +30) ms1

Density (1 050 + 40) kg m—3

Characteristic acoustictimpedance Follows from sound velocity and density
Backscatter coefficient (1to 10) x 10731 x f4 m~1 Hz~4 sr-1
Attepuation <0,1 x 104 x fdB m-1 Hz-1

Viscpsity (4+0,4) x103Pas

As an alternative to measuring the absolute value of backscatter coefficient, it is allowed to
make a relative measurement to flowing human blood of the following composition: plasma
replaced with 0,9 % saline, haematocrit within the normal range 40 %-48 %.

See clause C.2 for the rationale of the chosen values.

The backscatter coefficient shall be known with an uncertainty not greater than a factor of 2,0
(3 dB).


https://iecnorm.com/api/?name=fb5a0b7d4c0a24b03fe4317c8e47e185

— 14— 61685 0 IEC:2001(E)

6.3 Tube
6.3.1 Inner diameter

The inner diameter of each tube shall have one of the following diameters: 0,5; 1,0; 2,0; 4,0;
8; 16; 32 mm. The diameter shall be realised with a deviation of less than 10 % from the
nominal value.

For calculation of BMF velocity from BMF flow (see annex B), the actual cross-section of the
tube shall be used. Uncertainty in the tube cross-section shall be taken into account in the
calculation of the uncertainty of the velocity. For thin-walled elastic tubes, it may be necessary
to use a pressure-dependent value of the cross-sectional area.

6.3.2 nlet length

In order [to ascertain well-known flow conditions at the measuring point, the)tdbe|shall be
straight and of uniform inner diameter D. Upstream of the measuring pointivthe inner area of
the tube|shall be uniform over an inlet length L. The inlet length, as welWthe outle¢t length,
should not include any connector that disturbs the flow by changes in eross-sectional [shape or
area. In case the flow profile at the beginning of the inlet length is~flat, L is for laminar flow
(Re < 2 d00) given by

L =0,03 D Re.
Using this condition, the axial flow velocity in the tube _deviates less than 5 % from the value

calculatefd from a parabolic velocity profile [7].

NOTE The above statement is true for pure fluids; the applieability to suspensions of particles is still under study.

For turbuflent flow (Re > 4 000) L shall be larger'than 40 D.

In the region 2 000 < Re < 4 000 the flow pattern depends on details of the experimg¢ntal set-
up, and gannot be used without external calibration [8].

Alternatiye methods to reach.a~parabolic velocity profile may be used, providged these
methods [are validated.

6.3.3 Wall

The tube¢ wall can{distort the ultrasound by reflection, refraction and attenuation|[9]. The
longitudinal velocity of sound of the wall material of a tube should be chosen as |close as
possible fo thatyof the TMM to avoid total reflection at small Doppler angles [10], [11],{[12]. For
a hole in|the TMM (zero wall thickness), the boundary between BMF and TMM may| act as a
lens and aTeffector These effects depend o the Doppter angte.

In the following, the effects of a two-way passage of the ultrasound through the tube wall are
considered.

The distortion shall be such that the tube wall reduces the signal level by an amount which is
less than the reduction in signal level caused by a layer of TMM having a thickness equal to
the vessel inner diameter.

For a parabolic velocity profile in the tube, which is uniformly insonicated, the spectral
distortion shall be such that the intensity of the signal from blood flowing at velocities near zero
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shall not be reduced more than 3 dB compared to the intensity of the signal of blood flowing at
the highest velocity. Allowance should be made for the frequency response of the instrument
measuring the spectral distortion.

6.4 Tissue-mimicking material (TMM)

The TMM should have values for acoustical quantities as specified in table 3 (see also
clause C.6).

Table 3 — Parameters of tissue-mimicking material (TMM)

Sound velocity (1540 £ 15) m s1

Aftenuation (one-way passage) (0,5 +0,05) x 104 x fdB m-1 Hz1
Ajtenuation alternative (see clause C.6) (0,75 £ 0,05) x 104 x fdB m-1 Hz1
Characteristic acoustic impedance (1,60 + 0,16) x 106 kg m—2 s-1
Bhckscatter coefficient (1to 4) x 10728 x f4 m-1 Hz~4 §p=t

6.5 Ggometry

In the flgw Doppler test object, the angle between the surface, at which the trangducer is
applied, and the vessel shall be 0°, 30°, 45° or 60°.

It is recgmmended that mechanical means be provided to hold a transducer such| that the
Doppler pngle can be reproduced with an uncertainty of less than 1° (95% confidence).

It is recommended that the flow Doppler test object be made such that the minimal [depth of
measurejment which can be obtained is less'than two tube diameters. However, this|depends
also on the construction (width) of the Doppler probe.

It is also|recommended that a signaljattenuation (one way) by the TMM of at least 2b dB can
be obtaired. This means that the-ffow Doppler test object shall provide a maximum |[depth of
measurejment in metres, at a frequency fin hertz, greater than

(500 x 103 m Hz) x 1
or

(330 x 103 m Hz) x 1

depending on whith valte of the attenuation of the TMM 1S chosen from tabie 3.

7 Precautions to prevent changes in the composition of the blood-mimicking
fluid (BMF)

It is essential that the backscatter coefficient of the BMF does not change. The following
precautions shall be taken to ensure that the backscatter coefficient is constant.

1) The flow circuit shall be made in such a way that no depositions of the scattering
material are present during use. This task is facilitated by using particles which are
small and have a density close to that of the BMF. Depending on the kind of particles, it
is necessary to provide sufficient mixing of the BMF by circulation or stirring. A time
switch on the pump, causing it to operate for 15 min at regular intervals (ranging from
2 h to 14 days), may be used to avoid particle settling and clumping when the test
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object is not being used. For some systems, vigorous pumping before use may be
sufficient.

NOTE These precautions are required because changes in the backscatter coefficient may result from
separation of the scattering particles from the BMF, scatterer attrition or clustering of particles.

2) Introduction of foreign solid particles shall be minimised. A closed circuit is
recommended.

3) The BMF shall be free from gas bubbles. This may be achieved by:
- degassing of the fluid by boiling or exposing to a low pressure before use;
— avoidance of splashing;

— mounting a filter with small pores (25 um — 40 um) upstream of the test section;

- [mctusiomof a bubbtetrap;
- |avoidance of cavitation resulting from a combination of high flow rates gnd rapid
changes of diameter in the flow circuit;

- |keeping the fluid everywhere in the circuit under positive pressure)with resp¢ct to the
atmosphere, or making connections air-tight.

4) The fulfilment of conditions specified in 1), 2) and 3) shall be specified by the
mpanufacturer. The degree of fulfilment can be monitored by, measuring the signal level
from a Doppler system monitoring the flow in the tube.

-

NOTE Shprt duration deviations more than 3 dB above the mean valué point to significant disturbipg isolated
particles. Ljarge numbers of disturbing particles are difficult to detect: they give a generally increased sigpal level. If
the disturbjng particles separate physically from the main fluid (sueh as gas bubbles sticking to the |wall), their
presence cpn often be detected by changes in signal level some time after a change from a very low to g high flow-
rate.

8 Spetcifications for labelling

The manufacturer of a flow Doppler testiobject shall specify values, if possible wjth upper
and lowef limits, on the following:

- life ofithe TMM, under specified\conditions of use;

NOTE | Destruction of TMM by using an incompatible BMF has been reported; a water-based fluid will dissolve
gel-baged materials.

- sound velocity, attenuation, characteristic acoustic impedance and backscatter cpefficient
of thg TMM;

- inner|diameterof'tube;

- tube wall density, sound velocity and attenuation;

- wall fhickness of tube;
- fractilmmme-m—mmmtweme,—

- surfacel/vessel angle;

- life of the BMF, under specified conditions of use;
— measures to avoid gas bubbles;
— scatterer material in the BMF, size and number density;

— sound velocity, density, backscatter coefficient and the method by which it was determined,
attenuation and viscosity of the BMF;

- permitted temperature range for storage and for use with required accuracy.

Values for attenuations and backscatter coefficients shall be specified as a function of the
frequency over the frequency range for which the flow Doppler test object is intended.
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Annex A
(informative)

Rationale concerning the position of this standard

The basis of this International Standard is given by IEC Technical Report 61206:1993.
Clause 2 of IEC 61206 gives a general description for overall tests of complete continuous
wave Doppler systems, specified for several parameters such as frequency response and

spatial response. Clause 3 describes six different Doppler test objects with test procedures to
measure these r\nrnmntnrc

These test objects are:

— string| Doppler test object;
— band |Doppler test object;
— disk Doppler test object;
— piston Doppler test object;
- small|ball test object;

- flow Doppler test object.

Besides fhese, electronic or acoustic injection technigues can be used.

This Intefnational Standard gives specifications*and a description for one of these tes objects,
the flow|Doppler test object. However, whereas IEC 61206 is restricted to the testing of
continuoys wave Doppler systems, this stafdard is also applicable to the testing ¢f pulsed
Doppler pnd colour flow imaging systems. Table A.1 gives an overview of the pﬂyrameters
specified|in clause 2 of IEC 61206. Table’A.2 gives a similar overview of additional pgrameters
relating fo pulsed Doppler systems< IEC technical reports for these systems hdve been
published (IEC 61895) or are underdevelopmentl. The second column of both tableg lists the
suitability of a flow Doppler test object containing one tube to measure these pafameters,
and is cgnsidered the bestthat can be achieved using flow Doppler test objects. For some
parametdrs wide tubes, and for other parameters small tubes, are required. No juddement is
given on the usefulness‘of other Doppler test objects.

1 ultrasonics — Colour flow mapping systems — Test procedures to determine performance (under consideration).
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Table A.1 — Parameters concerning CW Doppler
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- Reference to
Parameter SD%';Z?(;L' tt{:Stf sbfjlg(‘:/\tl subclause of
IEC 61206

Working distance good 2.2.3

Zero-velocity noise level good 2.2.4

Doppler frequency response 2.3

Doppler frequency —3 dB response range fails 2 2.3.1

Doppler frequency non-linearity error moderate ? 2.3.2

Large-gigral-periormance 233

Dynantic range moderate 2.3.3¢

Fixed {arget effect on sensitivity moderate © 213132

Intermgdulation distortion fails ¢ 23.3.3

(Particplar test of dynamic range )

Spatiall response 2.4

Axial response range good 241

-3 dB pample volume width moderate € 2.4.2

Acoustic-working frequency notyapplicable 2.5

Flow dfrection separation 2.6

Channgl separation good 2.6.1

Simultaneous flow test fails | 2.6.2

Responpse to Doppler spectrum 2.7

Volumg flow measurement error good 2.7.1

Maximum frequency of the Doppler spectrum good 2.7.2

Penetrjation depth moderate 9 -

a2  Thip test requires a test object‘giving a narrow band Doppler signal of variable centre frequeng¢y or a
kndwn broad spectrum signal cevering the whole frequency range of the instrument.

b Fonthis test a test object with a single velocity is preferred.

¢ Depends on construction of test object.

d  Thif test requires two narrow band Doppler signals.

e Depends on tube diameter.

f Thik test requires two targets.

9 Thig\est requires stability and reproducibility of those test object parameters which determipe the
Doppter—sigmattevet—Theseare primmarity T Mivatteroation, tubewattatteruation, amd—tietackscatter
coefficient of the BMF. At present it is not known if a reasonable stability of BMF backscatter
coefficient is achievable.
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Table A.2 — Additional parameters concerning pulsed Doppler and colour flow

-19 —

Parameter

Suitability of a flow
Doppler test object

Pulsed Doppler

Highest detectable Doppler frequency moderate &
Average frequency of the Doppler spectrum good b
Maximum frequency of the Doppler spectrum good
Doppler angle error good

-3 dB sample volume length moderate
43 dB sample volume width moderate ©
$ample volume position error moderate ©
43 dB sample volume fails

[pead zone boundary good
Ihtrinsic spectral broadening moderate ?
Colour flow mapping

Frequency to colour translation table good
Colour display spatial resolution moderate &
Highest detectable Doppler frequency moderate &
Jowest detectable Doppler frequency moderate 2

B Depends on wall thickness.

q Depends on tube diameter.

4 For this test a test object with a single velocity-is-preferred.
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Annex B

(normative)

Formulae relating various quantities

61685 0 IEC:2001(E)

Reynolds number is given for a flow rate of blood-mimicking fluid (BMF), g, in a tube of

diameter,

D, by

Re=4qgp/(nnDn)

where
n is
p is

The velo

In case 0O

and

The char

where
p isthe
c isthe

The depth of measurement, M, is given by:

the dynamic viscosity of the BMF;
the density of the BMF.

density of the medium;
velocity of soundin the medium.

Lity averaged over a cross-section of the tube is:
Vavg=4 q/ (TLD?).
f a parabolic velocity profile the axial velocitys:

Vimax = 2 Vavg
Vimax = 8 q N¢ L D?).

hcteristic acoustic impedance, Z,<in"a specified medium is given by:

Z=pc

M=h+ (wa,la+D/ 2)/sin(6)

where (s

a,, is the attenuation coefficient of the wall material;

w

g figure 1)

a; is the attenuation coefficient of the TMM;

h is
D is
w is
6 is

the path length in the TMM;
the inner diameter of the tube;
the wall thickness;

the Doppler angle.

NOTE 1 This formula is valid if the transit time of the ultrasound passing through the wall is very much less than
that in the TMM.

NOTE 2 In case the TMM is covered by a protecting foil with thickness d and attenuation coefficient a; a term
das/ a;is added to M .
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Annex C
(informative)
Rationale for the numerical values chosen in this standard

NOTE This rationale provides justification for a number of choices made in this draft. The numbering in the titles
of the clauses refers to the clauses of the main document.

C.1 General

In this International Standard requirements are given for parameters concerning the different
parts of the flow Doppler test object the blood- m|m|ck|ng fluid (BMF), the tube, the

v ject. The
opposite

pler test

* the range has to be so narrow that tests on various flow Dopplettest objects| will give
essenmtially the same outcome. As the results of Doppler measurements are generally of a
gualifative nature, the error margin is set to +5 % for velocities and to +3 dB for signal
levels.

The frequiency range is limited from 2 MHz to 10 MHz. The lower limit is natural, as tHere exist
no diagnpstic instruments working with a lower frequeney. Diagnostic Doppler systems using
frequencles higher than 10 MHz are coming into uses~Here the limitation is set by p lack of
knowledde about the properties of materials which_could be used to construct a flow|Doppler
test objdct.

The requlirements for the flow Doppler testtobject cannot be separated completely|from the
propertieg (particularly the ultrasonic frequency) of the Doppler system tested. At thi§ moment
it is not Known whether it is possible toomake a single flow Doppler test object whjch fulfils
the requifements for all frequenciess Upon change of the ultrasonic frequency it may therefore
be necesfsary to change the comgpasition of the flow Doppler test object.

C.2 Clause 6.1: Blogdimimicking fluid (BMF)

The valugs given in table 1 represent blood at 37 °C.

The ultrasonic_scattering of blood in vivo may vary considerably according to its cofnposition
and flow [conditiens [13]. It was considered not realistic to specify a range. The valueg given in
table 1 &8 Il stirred
suspensil f red cell
aggregatlon WhICh may increase the scatterlng coeffrcrent is absent It is belleved that these
values are in the range of values occurring for arterial blood flowing in vessels larger than
0,5 mm diameter. A rather wide range of acceptable backscatter coefficient is chosen in order
to facilitate the preparation of a BMF. The actual value should be known to within a factor of
two. With this margin the backscatter coefficient contributes £3 dB to the uncertainty in the
signal level of the reflected signal. As absolute measurement of backscattering is difficult, it is
allowed to refer the backscattering of BMF to a blood preparation comparable to that cited in
the literature [6]. (A narrower margin is desirable, but has not yet been realised.) The
uncertainty in backscattering of the BMF influences the measurement of penetration depth. As
most Doppler systems can cope with a signal attenuation of 40 dB, it follows that an
uncertainty of 3 dB in the backscattering contributes an error smaller than £7 % to penetration
depth. At present this is acceptable.

The allowable range of sound velocities of BMF is such that either a close representation of
blood or a condition of no refraction with respect to TMM can be chosen.
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The frequency dependence of the attenuation of blood is somewhat stronger than the value
indicated in table 1 [3], [4]. For BMF, the attenuation should be low (table 2), in order to
minimise inhomogeneity of the sound field inside the tube. In any case, the attenuation in BMF
is much smaller than in the TMM.

The viscosity is on the high side of the values for blood in vivo. The higher viscosity of the
BMF compared to blood promotes laminar flow, and therefore reproducible conditions.

The number density of particles in the BMF has to be chosen large enough that the discrete
structure of the particles does not show up in the Doppler spectrum. The sample volume of a
Doppler system can be calculated as the product of the —3 dB beam area and the effective
length of the sample volume. Note that the effective length of the sample volume is limited by
the ultragetrg—path—withir—the—tobe—when—this—is—ess—than—the—samplte—vetome—ength. The
smallest sample volume which occurs presently is 0,1 mm3; therefore a BMF for-general use
should cpntain at least 1013 particles per m3. It has been shown [14] that the stdtistics of
Doppler [spectra obtained from human blood and from a glycerine-water, mixfure with
Sephadek™ nparticles (estimated concentration ranging from 2 x 1011 toc1013 per m3) were
equal forlthis particular (CW) Doppler system with an estimated sample volome of 50 mm3.

C.3 Clause 6.3.1: Inner diameter

The range of diameters of the tube is limited on the lower side (0,5 mm) by the non-Newtonian
nature offblood flow in smaller vessels [5]. The largest diaméter (32 mm) represents tIhe aorta.
Succeeding diameters differ by a factor of two. Thus measurements on vessels of|all sizes
which octur in the body can be modelled with the flow Doppler test object. By prescribing
certain preferred diameters the exchange of results*Obtained with different flow Dopjpler test
objects is promoted.

C.4 Clause 6.3.2: Inlet length

The ruleg for the inlet length for laminar flow are well established [7]. The upper limpit of the
allowablg Reynolds number is arbitrary. With very smooth tubes flow will stay lamipar up to
high Reynolds numbers. As the damping influence of the wall diminishes with increasing
Reynoldqd number, small disturbances will have large effects. The development of [turbulent
flow is very gradual for Re.> 2 000, until at Re = 4 000 the turbulent flow pattern is fully
developed [8].

It is well known that>flow obstacles downstream of the measuring point have mjuch less
influence| on the flow profile than obstacles up-stream. Downstream obstacles which pre more
than two tube diameters away from the point of interest can be ignored.

C.5 C auotT 6.3.3. ‘VAVIG.”

A flat spectrum of Doppler velocities has been obtained with a polyethylene tubing [15],
indicating that in this case spectral distortion was not significant.

C.6 Clause 6.4: Tissue-mimicking material (TMM)

A rather large amount of knowledge is available about TMMs [16], [17]. The attenuation and
backscatter coefficient of the TMM are in the range of liver tissue, thereby conforming to the
values in use for scanning test objects. To make it possible to build relatively compact flow test
objects for low frequencies a higher attenuation (0,75 dB cm~1 MHz=1) may be used as an
alternative. The sound velocity is important, although the use of a tissue-mimicking material
having a slightly different velocity is possible. In this case, for a sound velocity outside the
range specified in table 3, one can scale the test object either to the time of flight of the
ultrasound pulses, or to focusing of the sound beams, but not to both.
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Annex D
(informative)

Description of an example flow Doppler test object

D.1 Introduction

The following example is derived from the results of European Community project MAT-CT
940091 [12, 22-25]. For rationales, details and variations the reader is referred to these

reports.

For this f

- intenq

— constfuction of the flow Doppler test object;

- props€g
- stabil

- examples of applications.

NOTE The properties of a flow Doppler test object depend on the‘materials used; brand names can

[22-24].
D.2 In
Intended

system breakdown evaluation, education® of users and system set-up preventin

exposureg

This flow

relative measurements of penetration and further tests for peak velocity and angle ¢
software jaccuracy [1].

This flow
(diamete
the same

ow Doppler test object, the following are described:

ed use;

rties of the flow Doppler test object;

ty of the flow Doppler test object;

tended use
uses of this flow Doppler test -object are: acceptance testing, quality as

to sound radiation.

Doppler test object allows performance of tests for working distance, ra

Doppler test.object offers a steady, parabolic flow pattern in a rather W
8 mm), embedded in ultrasound absorbing TMM. The TMM carries on top a
composition as the fluid components of the TMM (see figure D.1).

be found in

surance,
j human

hge gate,
orrection

ide TUBE
fluid with
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Fluid layer %

TMM s
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IEC 1069/01

Dimensions in|millimetres

Figure D.1 — The main elements of adlow test object

The basit flow Doppler test object as described-can be varied to satisfy specific needs. By
introducing small or double vessels a large number of the tests mentioned in IEC 612036 can be
executed| To keep the description concise, hereunder only the flow Doppler test object with a
single 8|mm vessel is described. One should be aware of the fact that resulty for five
realisations of one design of the test object are presented. Slight differences do exigt. Larger
differences exist between the flow rigs*(flow circuit, pump, flowmeter). Data for backdcattering
may confain systematic differences-between laboratories, and can only be used fof relative
comparisjons.

D.3 Cpnstruction of the flow Doppler test object

D.3.1 Preparation of-the tube

The flow |conduitiSymade from C-flex tubing [12] with a circular cross-section. Nomina] sizes of
the tubelare:_internal diameter 8,0 mm, wall thickness 1,6 mm. The tube is glued into the
tank under slight axial tension [18]. The inlet length (see Annex E) depends on the ag¢hievable
flow rate [and’varies between 300 mm and 500 mm.

D.3.2  Preparation of the tissue-mimicking material (TMM)
A mixture is made from the following materials (weight % pure components):

82,96 % water,

11,21 % glycerol,;

3,00 % agar;

0,94 % aluminium oxide powder 3,0 pm;
0,88 % aluminium oxide powder 0,3 um;
0,53 % silicon carbide powder 400 grain;
0,46 % benzalkoniumchloride.

For more details, see [12].
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The mixture is stirred and heated to 96 °C, left at that temperature for one hour and cooled
down. At 42 °C it is poured into the tank containing the tube. After cooling down the test
object, a shallow layer of coupling fluid is applied on the top of the TMM. This fluid is made by
mixing water, glycerol and benzalkoniumchloride in the same ratio as in the TMM. Regularly
the Doppler transducer is applied from the top. The side walls of the container are made of

plastic.

D.3.3

Preparation of the blood-mimicking fluid (BMF)

A mixture is made from the following materials (weight % pure components):

83,86 % water;

10,06 % glyceral;

3,36 % dextran (molecular weight 100 kDa-200 kDa);

1,82 % (rgasol (copolyamide 6/12) particles 5 um;

0,90 % synperonic N detergent surfactant.

For more| details, see [12].

The materials are mixed, starting with water, surfactant and Orgasol. Gas is removed by
placing under reduced pressure. The final mixture is sieved through a sieve with opgnings of
30 pum.

NOTE To|obtain a neutrally buoyant BMF, small amounts of watef (1*%) or glycerol (0,2 %) can|be added,
depending pn whether the Orgasol particles float or sink respectively. This adjustment should not be mafle until the
Orgasol pafticles are 48 h in the fluid. Some of the fluid diffuses inte the Orgasol particles.

D.4 Properties of the flow Doppler test .object

D.4.1 Blood-mimicking fluid (BMF)

The valugs as required in table 1 were measured at a temperature of 22 °C and are a
where the figures given in brackets are the temperature coefficients for the range (22

- soynd velocity: 1548 ms1 (+5 m s~1 °C-1y;

- density: 1037 kg m=3 (-0,22 kg m=3 °C1);
- characteristic acoustic impedance: 1,61 x 106 kg m=2 s—1;

- bagkscatter cogefficient: see figure D.2;

- attenuation; see figure D.3;

- visgosity: 4,0x103Pas (0,11 x 103 Pas"®
All propgrties are found to be sufficiently stable to fulfil the requirements of tab

5 follows,
k 5) °C:

C-1y.

le 2. An

exceptior

has to be made 1or the backscattering. It was found that backscattering IS

sensitive

to clustering of the Orgasol particles. This clustering is influenced by subjecting the fluid to
shear stress, either by circulating it in a flow circuit or by sieving it. The backscatter coefficient
can vary as a result of these effects. The backscattering was made equal to that of flowing
blood, with plasma replaced with 0,9 % saline and haematocrit in the normal range (42 % —
48 %). This is blood in which no aggregation of red cells occurs.
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NOTE The error bars indicate ranges of values obtained. The points without bars were obtaihed in one $ample.

Figure D.2 — Backscattering coefficient of BMF as a function'of frequency
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NOTE Drawn lines represent the target value for TMM, respectively the upper limit for BMF.

Figure D.3 — Attenuation of TMM () and BMF ( O ) as a function of frequency

As particles and fluid have the same density and the particles are small, separation of the
particles does not occur during use. After standstill a separation is visible, but adequate mixing
is obtained after a short time of circulation at maximal speed. The fluid has been in use for
several months in closed circuits without visible changes. The addition of an anti-fungal
component is advised.

The occurrence of gas bubbles can be prevented by circulating the fluid regularly or by
exposing it to a low pressure before use. The first measure was taken in one flow rig:
circulating the fluid during 10 s every 10 min resulted in disappearance of bubbles after one
week. At the maximum flow rate in this rig (30 ml s~1) no bubbles were observed. In another
flow rig half of the fluid was exposed to a low pressure (1 kPa) and stirred for 1 h prior to use.
In this case a bubble-free flow of 80 ml s—1 was obtained.
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D.4.2 Tube

The tube needs support to keep it straight and under tension. The tube is slightly elliptic, the
difference between largest and smallest diameter was 10 % of the largest diameter. The cross-
sectional area was found to be equal to 0,47 cm2. This is equal to that of a virgin tube.
Applying pressure inside the tube causes expansion, less for a tube inside TMM than in a free
tube. In order to keep changes in cross-section below 1 % the applied pressure has to be less
than 16 kPa (tube in TMM) or 6 kPa (free tube).

In a test object for high flows, an inlet length of 500 mm was used. In this test object, a linear
calibration line through the origin was obtained up to Re = 2 000, the deviation being less than
+5 % of the measured value.

The dengity of the tube wall is 886 kg m=3.
The sour{d velocity is 1 556 m s~1,

The attenjuation as function of frequency is given in figure D.4.
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Figurg D.4 — Attenuation”of ultrasound by material of tube wall, as a function of freqliency
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Figure D.5 shows the calculated spectral distortion at homogeneous insonation over the full
lumen of tube and a parabolic flow profile.
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NOTE The lines refer to operation frequencies of 2 MHz (O), 5 MHz(¢)~and 10 MHz (A). This is p result of
theoretical [calculation.

Figure 0.5 — Deformation of velocity spectrum of parabglic flow by attenuation due to tube wall
(wall thickness 1,5'mm)

In connegction with the properties of the tube/xit should be noted that this tube introduces
rather stong attenuation near the side walls, Refraction is negligible.

D.4.3 Tissue-mimicking material (TMM)

The dengity is 1 047 kg m—3 (0,2 kg m=3 °C-1)
The sourd velocity is 1 540 m.s1 (temperature coefficient not determinef)
The charpcteristic acousti¢ impedance is 1,61 x 106 kg m—2 s-1

Figures ID.6 and DB.,7 respectively show backscatter and attenuation. The equality of|different
preparatipns of-EMM is satisfactory, with the exception of backscatter. However, backgcatter of
the TMM(is notvery important for a flow test object.
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Figurp D.6 — Backscattering coefficient of two samples of\FMM as a function of frequency
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Figure D.7 — The quotient of attenuation by TMM (1-way passage) and frequency as
a function of frequency
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D.5 Stability of the flow Doppler test object

The following parameters are crucial to the application of the flow Doppler test object.
Therefore the (absence of) variation is documented by stating either the time interval after
which a certain change in a parameter occurs, or the time interval after which the change is
less than a detection threshold.

D.5.1 Blood-mimicking fluid (BMF)

Backscatter coefficient varies. This is ascribed to formation of clusters of Orgasol particles. On
various occasions ranges of 5 dB to 7 dB between various suppliers and methods of handling
(sieving, pumping) have been observed. This aspect is the subject of further study.

D.5.2 Tube

The tubge may change length by 3,5 % in three months. Recalibration of~cross-dection is
recommgnded after two months. This subject will be studied further, -as)well as|possible
changes |n acoustic properties of the tube.

D.5.3 Tissue-mimicking material (TMM)

The TMM can be kept for at least 6 months. If the container leaks, the fluid on top has to be
refreshed regularly. Changes of acoustic properties of the VM are not yet known.

D.6 Applications of the flow Doppler test object

One part|cular scanner was assessed by 5 nominally identical flow Doppler test objects and
5 observers (15 combinations, not a full matrix) A number of tests which are detailed [in [1], [2]
were performed. The following measurements were executed with success:

— colouf penetration depth (cf. figure.p.8);

— pulsed wave Doppler penetratietw depth (both objective and subjective);
- sample volume position erroft (cf. figure D.8);

- lowest detectable Doppler frequency;

— inner|diameter of tube (see note 1);

— averdge frequency of the Doppler spectrum (see note 2);

- maximum frequency of the Doppler spectrum (see note 2);

- volume flow measurement error(see note 2) .

NOTE 1 Intexobserver variability found.

NOTE 2 Variations of 10 % to 20 % between flow Doppler test objects and observers exist.

Highest detectable Doppler frequency cannot be tested, as the maximum achievable
velocity in the flow Doppler test object is too low for the used Doppler system.

Doppler angle error measurements are too sensitive to probe placement (£2°) to be of
practical significance.
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