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Abstract

a) Background: US methods are applied nowadays for analyzing Soft Tissue (ST) properties. More frequently, such measurements
are applied for analyzing a ST, which is behind another ST - the case analyzed in this paper. For that purpose, the Ultrasonic (US)
Pressure Amplitude (PA) method was applied, followed by the analysis of the US propagation in the different media, by taking into
account the relevant properties of these media, and finally find-out the US PA incident back on the Active Surface (AS) of the US
transducer (that operates in a Tr/Rc mode).

b) Methods: There were analyzed here the US PA incident the AS of an US transducer, that were reflected from ST layers in the
following conditions (where all the system mentioned above, was immersed in a container with Normal Saline (NS) (5%) at 25 (deg
C): (1) Two homogeneous ST flat layers (p,, d,) and (p,, d,), with a smooth and flat interface between them; the layers were placed
in series (one after the other) and the incident US was collimated. (2) The same as above, but the interface was rough, relative to the
wavelength A of the US, and (3) ST, was embedded in ST,. Conditions of smooth and rough flat interface were discussed here, as well
as concave or convex interface between ST, and ST,: it was also discussed the condition where the incident US PA was wider than
dimensions of ST,. In most of the cases a plane interface was assumed; A concave and a convex interface were discussed as well.

) Results: The following was concluded from the performed analytical study: (1) In case of a smooth interface, the US PA that
impinges on the sensitive area of US transducer, enables to obtain the best signals with a highest SNR. (2) These condition become
with lower values, due to (a) rough interface, and for (b) larger illumination than the geometrical size of ST,; (3) This becomes
even lower values for convex interface (smooth and rough); and (4) In case of a concave interface (smooth and rough) - which is
dependent on its radius of curvature; (5) The optimal case of (4) is, when the radius of curvature is close (or equal) to the total
distance from US transducer’s AS: at that case, most of the US PA impinges on the AS of the US transducer.

d) Conclusions: The following cases were discussed analytically in this study: (a) Homogeneous materials, different densities,
smooth interface; (b) Homogeneous materials, different densities, rough interface and (c) Homogeneous materials, different
densities, rough interfaces, where ST, is embedded in ST,. The consistency of the obtained analytical results in this study, provide a
reliable data for further analysis of other cases, which are a part of the human body.
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Introduction

2-D images (B-scope), or 1-D images (A-scope). In these cases, the
US propagates through one type of ST, until it impinges the other
one, usually the ST of interest - that is to be monitored and analyzed.

Ultrasound (US) and its monitoring methods are vasty applied
for detecting Soft Tissues (STs) conditions in human body [1]. This
information is followed by the analysis of the obtained data, usually
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Examples of detecting a ST embedded in a different STs, one can
find in the following cases, which are part of a larger group/family
of conditions:

L. US tests, without preliminary preparations, such as:
i Kidneys, Urinary trach and prostate.
ii. Upper and lower part of the stomach region

iii. Genecology, including pregnancy and breasts.

iv. Eyes
V. Tongue, throat and the esophagus
IL Examples of US tests performed during a surgery:
i. Neurosurgery (like tumor in brain)
ii. Spinal cord surgery
iii. Kidneys, Urinary trach and prostate surgeries
iv. Surgeries in various parts of the upper and lower parts of

the stomach region.

V. Surgeries related to various aspects of genecology and
breasts.

The US methods presented here, are usually using an array of
US transducers for Transmitting (Tr) US signal and Receiving (Rec)
its reflected echoes. This US measurement is performed, after US
propagates through a ST, is reflected from the interface, where
starts another ST,; Thus partially being reflected through the same
ST, to the US transducer.

These reflections occur between the two STs, caused by the
difference in their densities p [kg/cm?] and their US propagation
velocities V [m/sec], where the product of (p/V) was called the im-
pedance Z [ (kg sec) /m?] that presents “the resistance to propagation
of US wave through a tissue”; The acoustic impedance is also called
as ‘the fraction of the US wave reflected from material’s surface’.

a) Techniques for ST Characterization [2]:

(i)  Tensile testing. [3-6];

(i) Compression. [7,8];

(iii) Indentation. [8-12];

(iv) Pulse wave velocity. [13-17];

(v)  Pressure myography.[18-23];

(vi) Pipette aspiration. [24-27];

(vii)

Tables 1 and 2 in [2] summarize these measuring properties
and their relative advantages.

Elastography. [28-33];

b) ST Characterization, in case of SOS, Att., Backscatter-
ing [34]. The following are the nomenclatures, characteristics and
methods:

(i)  UTC = US Tissue Characterization [35,36].
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(i)  QUS (Quantitative US) for bone [37,38,39].

c) US Methods - to grade a normal or pathological state of
an organ.

(i)  Rayleigh and Love waves [40, 41] and their applications
as Surface Waves [42,43].

(i) In US Imaging systems, for distance measurements, it is
assumed that the SOS = 1540 (m/sec). In reality SOS changes in the
STs by +150 m/sec, i.e.,, by +10% [44, 45].

(iii) Shear waves are much slower, i.e., few m/sed in biological
tissues (statistically < 10 m/sec).

(iv) For ST elasticity, Rayleigh and Love waves (< 10 m/sec)
are applied.

The US testing methods, using an array of US transducers, pro-
vide the information about the tested organ as a 2-D image. In this
case, the quality of the image depends on the amount of the US re-
ceived signal by the array of US transducers. This is because a part
of the US signal propagates through ST,, where the reflected part
depends on interface quality (between the layers) and also on the
incident and scattered energy from small dislocations along the
path of US propagation. In this case, the “monitoring head” (that
contains the US transducers and part of the ‘front-end’ electronics)
is relatively large. Accordingly, when performing a measurement
during a surgery, it is required a relatively large ‘opening region’ in
the part of the body to be investigated - thus, the surgery has to be
stopped, for making these US measurements, obtain their images
and (at least) perform a preliminary interpretation; Thus, it is not a
Real-Time Intra-Operative (RTIO) method.

In-order to overcome most of the limitations of the US systems
described above and mainly to a surgeon, it is presented here a new
US device that provides all the required data, including distance to
another ST (as well as bone), by means of a RTIO method; Moreover,
it is also performed with a device having small dimensions.

Methods and Results

US Backscattering in Layered Soft Tissue
The following will be discussed in this section:
(i) Homogeneous STs, different densities, smooth interface
(i) Homogeneous STs, different densities, rough interface

(i) Homogeneous STs, different densities, rough interfaces,
where ST, is embedded in ST,.

Homogeneous STs, different densities, smooth interface

In this case, there are assumed, two ST layers of thicknesses dl
and d, and densities p, and p,. The two ST materials are in contact
with each other, and it is also assumed that the interface is smooth
and planar, parallel to the FS of ST..

Figure 1: Describes the ‘reference’ experiment, for defining the
US PA output of the US transducer (Figure 1):
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Figure 1: The preliminary (reference) experiment, for defining
Vs The US transducer that operates in the Tr/Rc mode, is placed
in a container, filled with Normal Saline (NS) (5%), at 25°C. Metal
plate (d plate thickness > 1O where A is the wavelength of the US waves)
is placed in parallel to the Active Surface (AS) of the US transducer
and at distance L1. The plate operates as a ‘total reflector’ for US

waves. The NS attenuation (i, [V]) and its velocity (V, [m-sec’]) are
measured and recorded.

Figure 2: Describes a system, for measuring the US PA on the
AS of the US transducer, on which are received the reflected signals
from tissues ST, and ST,, when they are in contact along the inter-
face (Figure 2):

uUs Tr/Rc
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Figure 2:

Figure 2: Schematic description of the measuring US PA on the
AS of the US transducer from FS, RS of ST, and ST2 and the inter-
face between them. The US transducer operates in Tr/Rc mode, is
placed in a container filled with Normal Saline (NS) (5%), at 25°C.
The Front Surface (FS) of the ST,, of thickness ‘d,’, is parallel to the
Active Surface (AS) of the US transducer and at a distance ‘¢, from
it. The interface between ST, and ST, is smooth (in the 1* case), and
scattering - due to its roughness (in others).

Following Figures 2:

V,is the reflected US PA from the Front Surface (FS) of ST, (Fig-
ure 2) [V], immediately after the reflection occurred.

V, is the primary reflected US PA from the Rear Surface (RS) of
ST, (equivalent to the 1st reflection of the ST,) (see Figure 2) [V],
which is the ‘interface’ between ST, and ST,.

V, is the reflected US PA from the RS of ST, (Figure 2) [V].

V,, is the primary reflected US PA from the FS of the reflecting
plate (Figure 1) [V]

The Attenuation (AT) coefficient of US in NS is u , (measured
in [V]), and its SOS is V, [m-sec’]. Similarly, the AT coefficient of US
in STiis u, [V], and its SOS is V, [m-sec’].

The mathematical relationship described here, is a function of
the US PA, as measured by the US transducer, and is expressed in
volts.

Accordingly, the distance between the front surface of the ST,
and the US transducer (here the small dimensions of the AS of the
US transducer were considered) was assumed, such that the US PA
V_propagating in direction x is described as [46]:
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V.=V, exp [u()x] (1a)
where:

V. is US PA at the origin, at x = 0 and y(f) is the attenuation

coefficient of the media 'i’ through which the US wave propagates
as a function of frequency.

u,, is the AT coefficient of the NS [V].

R, is the reflection coefficient of ST, and R, - of ST,

w,

and from ST-to-NS, respectively.

R /s and RS/W are the reflection coefficients from the NS-to-ST

The US impedance Z is defined as the product between the US
velocity V [m'sec!] and its density p [kg'm?], for a given medium.

Z, is the US impedance of NS in the container.
Z,.is the US impedance of ST No. i.

dg,, is the thickness of ST No. i [mm]

Mgy, is the AT coefficient of ST No. i [V]

T, sriis the transmission coefficient rom NS to STi [V]

Te,1s the transmission coefficient from STi to NS [V]
w

V., is the emitted US PA (V) from the US transducer.

L, is the distance between the AS of the US transducer to the FS
of the reflecting plate [mm)], (see Figure 1).

V4 , is the distance between the AS of the US transducer to the
FS of the ST, [mm)], (see Figure 2)

Assumptions:

(@)  The US transducer and the ST samples (ST, and ST,) are in
the same container, filled with NS.

(b)  The AS of the US transducer is parallel to the FS of ST . FS,
of ST, is parallel to its RS ; where the RS is the interface to FS, of
ST, i.e, itis also that FS, and RS, are parallel as well.

(c)  The transducer operates in the T /R_mode.

(d) The US waves propagate from the AS of US transducer
through the NS (with attenuation) toward the FS, of ST..

(e) The US waves are partially reflected at that interface and
after propagating again through the NS (again with attenuation),
they impinge the AS of the US transducer, where its PA is trans-
formed to voltage V,,

(f)  The rest of the US waves are transmitted from the FS, and
propagate through ST, with attenuation. On reaching the RS, (the
interface region), these US waves are partially reflected and propa-
gate back; through ST, to its FS - where they are partially transmit-
ted and propagate through the NS (with attenuation) and reach the
US transducer, where they are detected and transformed to voltage
v

21"

(g) From FS, of ST, (i.e., the interface), the US PA propagates
(with attenuation) to its RS, and from there are reflected and reach-
ing FS,. From there, the US waves are partially reflected back and
partially transmitted and propagate through ST, (with attenu-
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ation). After reaching the FS, (of ST,), the US waves are partially
transmitted and propagates through NS (with attenuation) toward
the US transducer - thus the PA at the transduceris V,,.

(h)  According to the described process, similar procedure oc-
curs in ST, and its boundary regions - as it will be described in the
mathematical derivation.

The Mathematical Derivation: Presented are the mathemati-
cal derivations, for obtaining the US AT in a ST, by interpreting the
US PA that was incident and detected by the US transducer. This US
PA reflections arrived from the FS_and RS_ of the Sti (here i=1, 2),
and taking into consideration transmission, reflection and attenua-
tion properties of each of the involved media. Two experiments are
presented, where their outcomes are attributed by the mathemat-
ical derivations:

1.  A'reference’ experiment.
2. The ‘soft tissues’ (STs) experiment.
The ‘Reference’ Experiment:

This experiment defines the Transmitted (Tr) US PA emitted by
the AS of the US transducer, denoted by US PA V.

For the described experiment, a smooth metallic plate was im-
mersed in NS. The surface plate roughness < /20, where A is the
wavelength of the US in the NS, see Figure 1. The US wave, repre-
sented by the emitted pressure V, propagates through the NS a dis-
tance L1 (see Figure 1), taking into consideration the attenuation of
the US wave in it.

The US PA (V) incident the plate’s smooth surface (Figure 1) is
Vio =V, yexp(=p, L)) (1b)

where p, is the attenuation coefficient (V) of NS.

Equation (1b) is valid, under the following assumptions:

(a) The total frequency bandwidth of the US compressional
wave (consisted from seven pulses) is narrow;

(b) The center frequency remains, while the high harmonics
are attenuated, due to the properties of the medium they propagate
through it;

(c) The detecting part of the system includes a filter, whose

central frequency was matched to transmitted (Tr) frequency of the
pulses.

(d) These conditions permit to perform the analysis in the
way described below, by using Eq. (1a) and Eq. (1b).

The reflected US PA from the FS of the smooth plate (immedi-
ately after the US wave was reflected from it):

Vi =Vao ||Rplate =V, |R e €XP(=22, L) ()

ref plate

The US PA (V,,) at the AS of the US transducer, after it was atten-
uated again in NS is described as:

Vi =Venexp(=u, L) =V,

efR

exp(—2u,L) ()

plate
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Assuming a total reflection at the smooth surface (of the me-
tallic plate):

=1

plate

|=

the value of V,, is obtained from Eq. (3), as described in Eq. (5):
Vi =V exp(—4,L) = Vref exp(—2u,L)) (5)

For obtaining V., Eq. (5) was rearranged, as follows:

Vef =V, exp(2u,L,) (6)

7

Analysis of US Propagation in ST, Followed by ST,, with
Smooth Interface Between Them.

A detailed derivation is presented for determining a ST AT co-
efficient U, (where i = 1, 2), as a function of ST’s thickness d, the
US impedance Z, of NS (in which the ST and the US transducer are
immersed), the US impedance Z_ of the ST, and the measured pres-
sures (V, V, V,... V) incident the AS of the US transducer (see Fig-
ure 2). Described here are two STs, with (p,, u,, d,) and (p,, p,, d,)
which are in contact at their interface. The interfaces were assumed
to be smoother than < (A/20), (where A is the wavelength of the US)
and also that FS_are parallel to RS..

The incident PA (V) at the FS of the ST, (similar to Eq. (1)) is:
Vio =V, exp(=p1,0,) (7)

The reflected PA from the FS of ST, (see Figure 2):

Ve =V 4 ”R =V |Ro2si| XP(=14,0,) ®)

w2sl w2sl

The US PA (V) reflected from the FS of the ST,

and reached the AS of the US transducer, after being attenuated
in NS:

Vo =Viexp(=11,0) =V, ||R,»1| e xp(=22,0,) ©)

w2sl

The reflection coefficient [47] from NS to the ST1:
Z,—z (10)

sl w

Z,+z,

w/sl =

and accordingly, the reflection coefficient [47] from the ST, to

NS:

— Zw — Zsl

sl/w wist Zsl +Zw (11)

The transmission coefficient [47] from NS to the ST,:
z 2z

_ Z.vl T cw — w. [12)
Zyt+z, Z,+z,

T, =1-R,, =1

Similarly, the transmission coefficient from the ST, back to NS:

Zw — Zs] — 225] (13)

T =
Z:l + Zw Zsl + Zw

slw —

1-R

s1/w

=1-
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The transmitted US PA from the FS of ST  into ST:

Vi = Vdo”Tw/sl =V T

ref |[* w/sl

(14)

exp(—u,0,)

The US PA reaching the RS of ST, of thickness d, after being
attenuated in it:

Von =V exp(-p,d) = Vref

T

wisl

exp(-p, [ Jexp(-p.,d)  (15)

The reflected US PA from the RS, (i.e,, the interface between ST,
and ST,) of the ST, back into itself (ST,):

Vo=V, -7, (16)

D2

R

sl/w

Tw/ sl

Rsl/w

exp(—4, £, ) exp(—4,d,)

R2/s1

Where V,, is the US PA incident at a distance (thickness) d, of
ST,.

1

The reflected US PA from the RS, that reached its FS,, after be-
ing attenuated in ST:
Vs =V exp(—p,d,) =
=V, |Tllexp(=p,0 ) exp(-p.d)|R,,,, [ exp(~1,d,) =
T, || exp(—u,0,)exp(—u,d,) "R}\,l e

(17)

:Vrgf

The US PA transmitted from the FS, into the NS:

T

sliw

exp(—u,0,)exp(—24,d,)

Vis=Vps
=Vl

ref

(18)

Rx 1w

]:l/wH
The US PA reaching the AS of the US transducer, after being at-
tenuated in NS:
Vi=Vesexp(-u,t))= 19)
=V \Tallexp(=,0 ) exp(=2p,d ) | Ry, || T | €XP(=4,01) =

ref
=V, s exp(_zluw[l)exp(_z,u.\ldl)RR.\IFW Ty

ref

Therefore, the ratio between US reflections from the RS, and
FS, of the ST , at the AS of US transducer is:

E: Vm/ T, | exp(=244,0, ) exp(=244,d ) |R, ) || T _
Vs Vr'e/ R, qlexp(=2u,(,)
=Tl Tl exp(244,))
By denoting:
T |||T _ 2Zw 2251 _ 4szsl (21)
. l\V]/W ZSI + ZW Z.Yl + ZW (Zsl + Zw)z

The ratio described in Eq. (22) is obtained (following Egs. (20)
and (21)):

4 4z z
—L = || —=sL exp(—2u.,d (22)
vz +zy p(—2u,d,)

Following eq. (15), the reflection coefficient from the interface
of ST, to ST,, see eq. (10):

Zs2 — Zsl (23)

RA\'I/SZ =

sl + Zs2
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le — ZS2 (24)
Zsl + Zs2

and similarly, from ST, to ST: R =—R —
s2/s1 s1/s2

The transmission coefficient from ST, to ST,

Ty =1-Ryn= (25)
IS St 2z,

Zatzy ZytZg

(seeeq. (13) for Tﬂ/w).

The transmitted US PA from the FS of ST, into itself (similar to
eq. (14)):

26
Via =V (26)

T

sl/s2

|Ts~1/s2 ” = Vref

exp(—p,d,)

The US PA reaching the RS, of ST, with thickness d,, after being
attenuated in it:

Vi, =V, exp(—p,d,) =

(27)
= V:“Qf T;l/SZ exp(_lusldl ) exp(_ll’ldeZ)
The reflected US PA from the RS, of ST, back into itself:
I/r/s2 = I/s/s2 |R32/s1 =
= Vref Ty |Rs2/sl exp(—u,d, ) exp(—p,,d,) (28)

The reflected US PA from the RS, of ST, that reached its FS, (the
interface between ST, and ST,), and after being attenuated in ST, by
passing a distance d,;:

Vs =V, exp(—p,d,) (29)

Where V., was defined in eq. (28).

The US PA transmitted from the FS, of ST, into the ST,:
Vea =Voa|| Lo (30)

Where V, was defined in eq. (29) and V_,, - in eq. (28).

r/s22

The US PA (V,,) propagated, with attenuation, to the FS, of ST :
Vis =Vigexp(—p,d,) (31)

Where V,, was defined in eq. (30).

The US PA at the interface of ST, with the NS:

Vi =Vrs Tsl/w” (32)

Where V., was defined in eq. (31).

The US PA that arrived the AS of the US transducer, at a distance
£, (with attenuation):

Vio =Veeexp(=2u,0,)
Where V,  was defined in eq. (32)

(33)

Analysis of Us Propagation in ST, and ST, (Both Homoge-
neous Materials), with (n_, d_,) and (u_, d_), with a Rough In-
terface Between Them:
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Figure 2 presents also the conditions for the analysis, where
the two homogeneous materials, ST, and ST,, are as in the previous
case, except that their interface is rough. The roughness of the in-
terface is defined as

/10 < roughness <A /2

where A is the wavelength of the applied US in these measure-
ments.

Thus, the propagation phenomena and the mathematical treat-
ment up to the interface, are the same as in the previous case. The
US PA reaching the RS, of ST, which is of thickness dr and after
being attenuated in it, was described in eq. (15).

Types of Interface Surfaces:

(i)  Assuming a random amplitude of the interface (rough-
ness amplitude of A/10, or smaller), located between ST, and ST,.
In this case, the reflection is Lambertian [48,49]. Thus, the reflected
US PA, from the rear surface of the ST, while observing in a narrow
cone, is close to a constant value, and with a smaller US PA, which
propagates back toward the FS of ST,.

(ii)  As the interest here is in the US PA that impinges the AS
of the US transducer (which is of relatively small dimensions), as-
sumptions will be made according to the angular Beam-Width (BW)
of the reflected lobe toward the US transducer. This US PA is always
smaller than the one of a smooth interface (discussed earlier) and
depends on the degree and type of a roughness.

i. By degree of roughness, it is meant here, the average
amplitude variation of the rough surface, (relative to the US wave-
length A).

ii. By type of roughness, it is meant (1) a random roughness
(that provides a Gaussian distribution of the reflected/transmitted
US PA), or (2) other types of roughness that provide several lobes in
reflection (or transmission) of the US PA.

Note*: Roughness Measurements

1) Mechanical Measurement: mechanical roughness mea-
surements, their statistical interpretation and some of their appli-
cations, are described in [50,51];

2) Optical Interferometry: optical roughness measure-
ments are described in [49,52-54]; These methods are usually ap-
plied for smoother and very smooth surfaces (like diamond turning
machine of polished surfaces).

3) US Methods: surface roughness measurements were also
performed by applying US and developing unique methods, appli-
cable in some specific applications, as described in [55-58].

The reflected US PA from the RS, (rough), is according and sim-
ilar to Eq. (16). However, here it should be considered only the cone
of US PA in the direction of the AS of the US transducer, denoted by
V’Rz/Sl (since reflections in other directions don’t impinge the AS of
the US transducer - thus, they are not detected); therefore:

V' ko= V2[Rl Grosstin | = (34)
=V, ] exp(=£,£ ) exp(= 1, d)) || Ry, GRM,,.
Since G <1, itreduces the value of V’ .This finally influ-

R2/s1/Tr R2/S1
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ences the ability to detect a signal; This is also due to the signal-to-
noise ratio (SNR).

Thus, the US PA of V'Rz/Sl that reached the front surface of ST,
after being attenuated in its medium:

' —
Vi =Vns Tvl/w”"GRl/Sl,dln

The US PA reaching the AS of the US transducer, after being at-
tenuated in NS, by propagating the distance ¢, :

V' =V'yexp(-p,t) GTr/sl,m”

Similarly, one can calculate the US PA that reaches the AS of the

(35)

(36)
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US transducer, arriving from the RS of ST,. Naturally this US PA and
thus its signal, are much smaller than that from the interface of ST,
and ST, (due to the ‘double attenuation’ in ST, along the paths d,
and the ‘double spreading’ effects at the interface (i.e., the rough
surface).

Homogeneous STs, Different Densities and Attenuations,
Rough Interface, ST, is Embedded in ST1:

Figure 3 presents the case, where ST, is located inside ST, and
their interface is rough; where in this figure only ST, and ST, are
presented and all the rest that belongs to the measuring system, is
the same as in Figure 2:

ST

\

Rough

interfaces|

—

/ST:

Figure 3:

Figure 3: Schematic description of the geometrical interrela-
tions of ST, and ST,. The rest of the measuring system is the same as
described in Figure 2. The US transducer operates in Tr/Rc mode, is
placed in a container together with ST, and ST, which is filled with
NS (5%), at 25°C. The front surface of the ST, of thickness ‘d ) is
parallel to the AS of the US transducer and at a distance ‘¢, ’ from it.

This case is similar to ‘Homogeneous materials of ST, and ST,,
with (u, d) and (p,, d) and between them a rough interface’,
described above as ‘case 2’; However, here the distance d’, < d, as
ST, is embedded in ST,. Accordingly, all the equations, including
eq. (34) to eq. (36), are also valid for this case, but instead of d, it
should be changed by d’,.

For analyzing this (third) case, the following states will be dis-
cussed:

1) (@) The geometrical dimensions of ST, are larger than the
area of US PA incident on it and (b) the impinged surface of ST, (by
the US PA) is flat.

In this case, one obtains the same equations, including eq. (34)
to eq. (36). Therefore, the US PA (detected by the US transducer) is
higher, since the losses are twice reduced, due to the shorter dis-
tance.Accordingly, the detected signals and the SNR are also higher.

2)  The geometrical dimensions of ST, are larger than the US
PA area incident on it and the impinged surface by the US PA is con-
cave Or convex.

For both types of surfaces, mentioned here, the US PA will
spread (diverge) after being reflected from this kind of surfaces.

The amount of the US PA that is reflected from this kind of surfaces
and is incident the AS of the US transducer, depends on their curva-
ture and the signal will be reduced accordingly.

However, in case of concave surfaces, that their radius of curva-
ture R isin the range of the focal distance R, ie.

R .= szfz (37)
Where:
£2=€l +d, (38)

Where d, is the distance between the front surface of ST, and
the interface (i.e, the front surface of ST,).

In these cases, the US PA incident the AS of the US transducer
is increased - causing also to an improvement in the signal and the
SNR.

3)  The geometrical dimensions of ST, are smaller than the
US PA area incident on it.

In this case, there exist, at least, three parts of propagation:

(a) Part of the US PA that will continue to propagate toward
the rear surface of ST, and from there is reflected back; This case
was already discussed for smooth surfaces (in #3.2). However, here
is only propagating a ‘ring’ around ST, and accordingly are its re-
flections.

(b)  Part of the incident US PA impinges the rough interface,
between ST, and ST, this case was also discussed above (#3.3); and

(c)  Partofthe incident US PA impinges the edges of ST,, caus-
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ing reflections/scattering in different and wide angular directions.
Therefore, this ‘spreading effect’ of US PA, that finally part of it ar-
rives to the AS of the US transducer, is a small fraction of the total
reflection. Therefore, this signal is immersed in the noise, caused
mainly by edge reflections and scattering.

Summarizing the above case:

The total US PA that arrives to the AS of the US transducer, is
composed of three components: interface, edges and part of rear
surface of ST,. These reflections are of different types and distanc-
es, thus their interpretation by the US transducer requires anapri-
ori knowledge.

Summary and Conclusions

There were analyzed here the US PA incident the AS of an US
transducer, that were reflected from ST layers in the following con-
ditions (where all the system mentioned above, was immersed in a
container with NS (5%) at 25 (deg C):

1)  Two homogeneous ST of flat layers (u,, d,) and (u,, d,),
with a smooth and flat interface between them; these layers were
arranged in series (one after the other) and the incident US PA was
collimated.

2) The same as above, but the interface was rough, relative to
the wavelength A of the US.

3) ST,wasembedded in ST,. Conditions of smooth and rough
flat interface were discussed, as well as concave or convex interfac-
es of ST,; it was also discussed the case where the incident US PA is
wider than the dimensions of ST,.

The following was concluded from this study:

1) In case of a smooth interface, the US PA impinging on the
AS of US transducer, it enabled to obtain signals with a good SNR.

2)  The above-mentioned condition become worse, due to (a)
rough interface, and also for (b) larger angular illumination than
the geometrical dimensions of ST,;

3) Theabove result becomes even worse for convex interface
(smooth and rough);

4) However, in case of a concave interface (smooth and
rough), the US PA on the AS of the US transducer, is dependent on
the radius of curvature of the interface;

5) The optimal case in (4) is obtained, when the radius of
curvature is close to the total distance from the US transducer’s AS:
in that case, most of the US PA will impinge the AS of the US trans-
ducer.
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