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Abstract

This paper is based on our comments and proposed amendments to the documents, Annex A, Phantom for detenmining Maximum
Diepth of Penctration, and Annex B. Local Dynamic Range Using Acoustical Test Objects 87/400:CDV. IEC 013%91-2 Ed. 1.0 200X,
prepared by [EC technical Conunitice 87; Ultrasonics. The docurients are concernied with the influence of microstructure of reference
target material on the ultrasonic backscattering. Previous works on the attemation due to backreflection and backscattering of reference
tarpet materials are revicwed. The drawback to the use of ungraded stainless steef and metallic matcrials without tnicrostructural
data such as, crystal struchure, basic acoustic data of sound velocity and attenuation, grain size, rouphness and ¢lastic constants
has been discusscd, The analysis suggested that the insightful conclusion can be made by differentiating the influcnce ansing from
targel size and microstructure on the backscattering measurements, The microstructural parameters are associated with physical,
geometrical, acoustical and mechanical origins of variation with frequency. Further clarification of such a diverse source mechanisms
for ultrasonic backscattering would make the target material and its application for medical diagmosis and therapy sinpler and more
reliable.

Keywords: Ultrasonic backscattering. Reference target. Microstructare, Backeeffection loss, Backscattering crosssection.

| Ultrasonic reflection and backs specutar reflection. However, when the wave (s

cattering

incident on a micrescopically rough and ponuniferm

surfaces, the reflection s in a broad ronge of

When a sound wave encounters the material baving
a dilferont acoustic impedance, a part of sound wave
is reflected back to an echo, the rest is absorbed and
transmitied. The greater the differcnce between the
impedance of ambient and that of the material, the
greater the echo results. The ocho from a flat
surface after travelling in the direction of the in—
cident makes equal angles with the line perpen—

dicular o the reflection surface hy the law of the
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directions by scattering and devinies {rom the
specular reflection, called diffuse reflection or back -
scattering. The magnitude and mechanism of the
scatlering loss are deperdent on the relationship
of wavelength to the dimensions of scatterer.
Surface roughness, nonuriformity of microstru—
cture of metallurgicat and mechanical ithomogeneity
and helerogencity cause wave scattering in which
crystalline defects, gram boundary. height vartation
and cells in organism act as scaiterer. Scattering

coefficiert, n_. varies with wavelengih relative to

the scatter diameter and can be distinguished with



different behavior of the scattering coelficient in

threc ranges as follows,

1. Ravleigh scattering region. o, oc D', wlhere
A D

2. Stochastic scattering region, n,« 2%, where
A=

3. Diffusion scallering region, «,oc1/D where

AL D

whoere N is the wavelength, /7 s the size of the
scatterer and f is the frequency. The wavelength
boundary (s not sharply defined and the transition
between the region is known to be gradual. [11

Ulirasonic reflection ar backscattering method of
diagnostic assessment of tissue and bone has o
number  of  advantages  over X—ray  absarption
method, such as sensitive change in donsity and
microstructure, and easy adaptabibly for dizgnostic
ultrasonic imaging beside it bLeing nou—ivnizing
exposure. The diagnostic images are produced by
scanning  lissue  boundaries  and  backscattering.
Image quality depends on the reliability of the
ultrasenic system and microstructure of reference
target in a scanning area. Cerrently, the works on the
estimation of size and distribution of scatterer from
the backscattering coefficient measurement  for
diagrostic applications are progressing actively to
differentiate abnormal wicrostructure Hrom g nocmal
one [2.3}

The comparison of the paramorers like the maxi—
mum depth of penclration and the local dynarmic
rangie with results and values obtained from the use
of the recommended methods and target provides
criteria for the assessments of the system perfor=
ntance n operation. Mannfuclurers of the ultrasenic
imagng system use the reference target 10 improve
the quatity of their system and users check ils
performance according to the relevant standards.
Althcugh, requirements for the reflerence tarpoet are
not specified in the slandard regarding physico—

chemical properties including specific attenuation

Hleaze of Mioroshusluie on Reference Tangol on Ltisenis MNackenallc

coefficient, the routine performance testing and
caiibration of the ultrasonic system are carried out
with arbitrary target object of various construction
vet 1o be specified.

Various methods of performance {esting are
proposed by ATUM (194913 [4), AIUM (1995) [5].
IEC 60854 (1986, [993) [6], and (EC 61390 (1996)
[7]. However, quantitative evaluations of scattering
received with little attention, as evidenced by the
intermittent sponsoring of interlaboratory compa—
rizon of ultrasonic backscattering coefficient mea—
surement, and attenuation and velucity measurements,
(8]

Present work is based on our commernts and
proposed amendments of the document 87/400/CDV,
Project Number [HEC 613912, IEd 1.0. Circulation
date: 2008—-10-31, concerning the influence of mic—
rostructwre of relerence targe! materigl on the
ultrasonic backscattering. The convencr and rovie—
wer acconted our proposal related to Annex A [9],
“Prantem  for Determining Maximum  Depth of
Penetration” and Asnex B [10] "Local Dynamic
Range Using Acousticat Test Objects” [EC 61391 -2
Ed. 1.0 [EC 200x prepared by [EC technical commi—
ttee 87 Ultrasonics,

II. Influence of target geometry and
comparison

The suitalalily of varions material composition and
geometry has been studied for an ideal reference
targetl, Hefner and Goldstein (1981 [111 studied
backreflection of thin steel wire larget for assessing
axial and lateral resolutivn  and calibralion of
distances, They found inadequacies in dotecting
angular dependence of backscatiered intensity for
the wire sample. The spherical ball of stainless
meented on the end of @ thin rod was used as a target
by Ide (1976, 1980) [12. 13] and Chivers and Arson
(13282) {14]. lowever, the target of spherical ball

will aot be dealt in {he presemt work because of




nd)
p,.(f.?‘.fl} | ()

complex variation of backreflection with frequency.
ft‘(f,r,t’a‘) — Wlog,,

Tae eylindrical rod of absorbing plastic material with
a hemisphere and 4 small ¢ylindrical dianeter rod
made of stainless steel, tungsten carbide also studied where p(f} is the acoustic pressure amplitude of
and will be reviewed in the proceeding seciion. the incident wave of frequency f at the position of

the target r, p(fr#) is the acoustc pressure

amplitude of the in the reflected wave at an angle 6.

I, Requirements for ideal target of

i F . 1 Fu® .
ultrasonic backreflection plfrf) = ?,"(f)_?:_ N
0' Zygost = Z o | § 2.}][_&1431(1'9}
The IEC 1206 {1993) specified following require— e \ Z,cosf ‘:Z"('(m(_;')“ kasing
meats for the ideal reference target of back-—

scattering |15] where « s the radius of a flat—ended rod. 4 is the
Bessel function of the first kind, & is the wave
1. A plane wave reflection loss in the range 40 dB number (k=24/3), Z, and Z, are the characteristic

= 60O di

2. A plane wave reflection loss that bas mummum

acoustic impedances of water and target saterial,

respeciively. # 1s the angle between the reflected

varfation with frequency, any variation betng beam znd the target, ¢ is the angle between the

low and smooth over the [requency range of normal to the target surface and the beam entering

mterest, the target.

3. Minimum variation of plane wave reflection loss The figes 3 in the reference [16] shows the

with angic of incidence. backreflection losses of two spherical ball targets

4. Capable of being supported and mounted in mountted on the stainless steel rod of diameter 2.0

manner, which minimizes pruhicms of SpUnoUs mm for 8 = 18(F and ¢ = n"' but differ in the way

retlection from any parts associated with the the ball and rod mect. Ball C is the spherical right
support of mounting structure of target.

30 = T T T T T T T
35 « Steel red -~ G
. -~ - . 1 - -y
IV, Backreflection loss of reference target g L e 586 i i
& 40} 4
8"
A comprehensive study was made on the fre— é a5k b
9 »
quency dependence of ultrasonic backrellection loss =’§ sof et 1
to establish the criterion for ideal target by Preston H * s
and Bond (1997) [16]. The material included various i S5 e > ]
e - I
prospective materials, such as stainless steel {un— 2 Bt b periment * Steelrod =
O 60 b mer « Steel rod - K 1
specified graded, PITE  (polvtetrafluoroethylene), Theory T een 704 043 o
polycarbonate and tungsten carbide, Geometries 85 ;js 135 2To 2jz 2i4 zfs zfs 3.'a
included various diameters of spherical ball inounted Frequency (MHz)
an rod and flat—ended cylindrical rod soldered Fig. 1. Plane wave reflection loss far stainless steel cylind-
. , rical rods G and H with a diameter of 0.56 mm, J and
oneo the rod. Reflection Joss, #(f.7,8). was calculated K with diameters of 043 mm and 0.40 mm. respec-
by the ratio of the incident and retlected wave tively. Thearetical results are also shown. Adopled
amplitudes. [15] and reconstructed from Preston and Bond (1997)
plitudes. [16].
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up 1 the rod whilst for bail D the rod is flared out
to meet the bzll. Although the authors claimed that
two results follows a similar pattern of reflection
loss within £ 3 dB difference, the variation of
reflection lass with frequency is complex and
{luctuating, ne accountable reasons can be found.

The backreflection loss for two eylindrical rods of
stainless steel having 0.1 mm diameter J and K
imeasured at 4 = 180" and o = 0" (figure 7 in the
reference [16]) connected to flat—ended rods and
those for cylindrical rod diaumeter having 0.5 mm
diameter with same geometry of connection G and [1
having same angular alignment  (figure 6 in the
reference {16]) are shown in Fig. 1. Theoretical
predictions of Eq. 2 are also ncluded 1o see the
reproducibility of the measurement und effects of
targes diameter on the backreflection loss, The stze
dependence can be accounted by the larger «* in
plfa8) of Eq. 2, vielding to the less reflection loss
R{fe0) for the larger diameter,

Tae backreflection loss of 0.4 mm diameter
decreased with frequency from 61 di3 - 59 dBat 1.6
Mz ta 52 dB ~ 53 dI3 at 3 MHz with & smooth
variation of ghou! 2 dB at all {requencies. The
backreflection loss of 0.56 mm diameter decreased
from B dB at 1.6 MHz to 46 dB at 3 Mz, indicating
the reflection loss of larger diameter (.5 mm 1s less
than those of 0.4 mm diameter. The results can be
accaunted for by the o* term involved in p.(f.-0) of
Iq. 2, leading to reduced reflection loss £{f.r.4) in
Feq. 1 for greater diameter. The results also snggest
that  cvlinddrical  target of stainless  steel is
repraducible and meet the requirements specified in
the IEC 1266 (1995) L15] for ideal target.

The figure 8 in the reference |16] shows the
backreflection loss with frequency for eylindrical rod
of wngsten carlyide with flat—ended connection of
the diameter (0595 mm, 0.5 mm and 0.41 mm,
respectively,  with  their  respective  theareticat
predictions,

The agrcements between measurcments and
theoretical prediction are within = (.1 dB with a

smooth variation with frequency. even better than
those of stainless steel target in respect of
reproducibility.

Backreflection loss at ¢ — 180" atonc is not
sufficient. to describe the Mull characteristics, hence
further information required to evaluate influence of
geonetry, material density and  distribution  of
scaltorer can be attained by angular dependence of
rcfteceion loss, The figure 11 in the reference [16]
shows the variation of reflection loss with angle at
2 Mz for the stainless steel rod of 0.56 mm
cdiameler, showing u wider angular variation of
reflection loss than that for the off axis of # > L 10°
reauired for 1 dB difference from its value at on axis
# = 0" However. 4 much narrower profile af angular
cependence (figure 12 in the reference [16]) was
observed for PTFE of a smaller diameter of 2 mm
than the diameter of the same connccting rod. three

times more sensiive than that for the swinless steel.

V. Comments on the work by Preston
and Bond (1997}

Reflection loss with frequency was measurerd in
the freguency range 1.6 MUz o 3.0 Milz 1o establish
a criteria for ideal reference targets for sphericat
bell, hemispherical rods and fiat ~ended rods made of
stainless steel, DTTL, polycarbonate and tunpsten
curbide. The varation of reflection loss was greatest
in the case of spherical ball targets and least [ar
{flai—ended targets. They are in favour of tungscen
carbide {argets of a long rod with a diameter of 1.6
mm tapered down to g cylindricat fat—ended with
diameter of 0.4 mm, 0.5 mm and 0.6 mm to provide
the best performances a smooth variation of
reflection loss between G0 dB and 40 dB with
frequency and an angular variation of < 1 B at 10°
off axis. Thus, they considercd tungsten carbide
target to be an ideal tarpget to meet the requirements
of TEC 1266 (1895). Furthermore, tungsten carbide
(W contains equal amount of tungsten and carbon
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atoms, without involving complexily and obscurity
caused by a generic term like stainless steel.
However, the influence of the stze and number of
grains on the sample surface of tungsten carhide,
surface roughness, wave number and beam diameter
are not considered on the backreflection loss
mezsurements. These variables are not expected to
be the same {or the wngsten carbide of different

diameters.

3.1, Types and grade number of stainless steel

Both Preston and Bond (1997) and Lubbers and
Graaff {2008) tested "stainless steel” for a prospec—
tive target material without specifying grade number
in their work. However, a stainless steel is not a
single specific material, a generic torm for various
grades of steel that contain Cr < 30 % and Ye > 50
% with olher varying addition ol alloving elements
with low carbon contents to improve corrosion
resistance and physico—chemical properties. Stainless
steed 18 graded on the basis of its metallurgical
composition, micrastructure and property that they
display. There are about 150 different grades of
stainless steel of a good availability with wide range
of choice. Therefare, stanless  steel  without
specifying grade number s an obscure expression
and inappropriate, concealing metallurgical microst—
ructure, regardimg comiposinon. property and crystal
structure. The most commonly used grading is the
SAE (Society of Autornotive Engineeiing) designated
by the Series Numbers of Tyvpes, Sometimes, the
constitutive ratio of stainless steel is specified

directly,

. Authentic stainless steel, Series 100-300,
Low carbon content and non—magnetic, comprises
aver 70 % of tota) stamless steel production.
Type 304 or 18/8 (18 % Cr and 8 % Ni) is most
common grade.

2. Martensitic stainless steel, Series 400,

Cr (15.5 % — 17 %) — Fe ulloy, hardenable by
heat treatment, but are brittle and difficuit to

form, magnetic, Type 420 is a typical one,

3. Ferritic stainless steel, Type 430
Cr (10,5 % — 27 %) — Fe alloy and very little
nickle, less expensive, but roduced corrosion
resistance and magnetic, Type 43Y is a typical

{ane.

V1. Backscattering cross~section of target
material

Analyses of backscattered stgnals are known o
provide the information regarding microstructure of
tissue and bone. such as inhomogeneittes of scatter—
ers [17, 18]. Backscattering coefficient is defined as
the differential crass—section for 180" scaltertrgs
from & volume of the sample normalized to that
volume. Lubbers and Graafl (2006} [15] investigated
the differential scattering cross—seclion, . which is
propartional to the square of the sound pressure,
expressed by the backscattered cross—section per

urit space angle, as a measore of target performance,

pf{r.f,ljl

2
n

2
-

&)

aT

where r 18 the distance to target in the far ficld,
v > D44 py s the incident sound amplitude on the
target of frequency f and p, is the scaitered
amplitude at r in a direction with angle ¢ with the

normal to the flat target surface,

2

(1

20t Z, o088 — 2,005 | 2| 24, (kDsind}
7= Gl | Z cost+ 7 cosé ) kDsiuf

& is wave number, 22 is the larget size, Z, and Z,
are the acoustic impedances of target and water,
respectively. # is the angle between the axis of
target cylinder and direction of incoming beam. The
dB value of the backscattered cross—section per unit
area, s, was calculated by considering amplifier

gain and various loss mechanism of incomplete
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reflection &t the reflector, beam width effect and
attenuation 10 water.

The target had a normal digmeter ranging from
(105 10 3.2 mm: two (arget sizes of 3.2 mm and 1.6
mm machined {rom stainless sieel rod of unspecified
grade. The sizes 08 to 0.1 mm were from spring
steel of again not specificd grade. The smallest size
0.05 mm was u wire of Karma alloy of 20 % Cr in
NI

Tac eqs relative to unit arca for the {lat ended
target diameter at 2.4 Mz, 4.8 MHz and 9.6 MHz
with respective theoretical prediclions for # = 0 are
shown in tae figure 5 in the reference [19).
Consistercy of (he measurements and results can
not be checked as they are, since the values of A,
velocities and densitics for varions sample species
with  different  diameters  are not accessible,
&= (22207 = (2nffe), where v Yp.

Tae figure 9 in the reference [19] shows diameder
dependence of (1e backscaltering €ross  section on
the fluat ended wire sample of various diameters al
2.4 MHz, and compared with theoretical diameter
dependence of 2 and D%,

In their madel of the hackscattering cross section
arising from the eross—sectional diameter D! and
squared froquency dependaerce, £, are considered,
not the scattering arising from microstructural
inhomogeneity {size and disteibution of scatterers),
roughness and grain boundaries. The results are
rather fortuitous not to notice the difference
beiween 2' and £* plots. Sioce the authors did not
give the velocities of these materials tested by
unexplained reasons. The wavelengths of targei
materials wested of unspecified stainless steel, spring
steol and Karma allov cane not be determined.

Tae ligure 7 in the reference [19] is the bucksca=
tlering at 4.8 Mblz with respective to Lhe backs—
cattering at € = (0" as a function of the angle of the
farget axis with the dircction, Data include those of
four targets diameters of 1.585 mm, 0.387 mm, (1,237
mm and 0.096 mm. The sa: of the largest diameter,

1,595 mro designated by the open diameter, decreased

sharply with the angle of incidence 6 and sharpness
of o decreased markedly as the targer size
diecreased. Diffraction dependency may account for
the behavior, however, no account or clucidation is

given by the authors.

VIl. Comment to the work by Lubbers
and Graaff (2006).

Differential  backscattering  cross—section, «.
proportional to the intensity of the reflected sound
pressure by squaring of the sound pressure was
studied for variely of flat ended prospective reference
turget wmaterials over the frequency range 2 Mz to
10 Milz. The lesting target materials included
unspecified grade of stainless steel and spring stecd,
and Karma alloy (20 % Cr in Ni} of cylindrical target
with different diameters ranging 0.05 mm o 3.2 mn.
The informations regarding acoustic and materials
variables, such as beam diameter ord sound velocities
of targe: matenals, grain size and roughness of the
flat—end sumple, are not provided in this work [19].
Backscattering of ultrasound depends on the ratio of
the wavelength and obsiacle size, however it is
impossible to have the wavelength without wave
speed. Therefore, the frequency dependent scattering
region can not be identified. These drawbacks make
the authors could net differentiate the roles of target
size and microstructure 0 the  backscaderioy
rechanism by overlooking the degree of metallurgical

and mechanical heterogeneity and non—unformity.
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