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BE12-H.23

& NUMERICAU APPROACH TO PROPAGATIONS OF NONLINEAR
PULSE WAVES IN ARTERIES S.G. Wu®, Beijing Poly-
technic Unlv, Beijing, P.R.China, G.C. Lee, and
¥.5. Ma*, State University of New York, Buffalo, NY

The present paper mainly deals with methods of num-
erical =olutions for the problems of propagations of
nenlinear arterial pulse waves. The artery is as-
sumed to be a thin-walled vessel with the small
tissue thickness, and its wall is locally orthognal,
anisotropic, elastic and incompressible. In addi-
tion, the blood is modsled to be an incompressible
Newtonian fluid with the axisymmetrical flow. In
this numerical experimentation, the problem of pro-
pagations of nonlinear pulse waves in the aorta of

a dog is studied, and the calculation is being per-
formed in IBM-4381 computer. The complete numerical
results are obtained, they invelve solutions of pro-
pagations of the following nonlinear pulse waves:
pressure, velocities and flowrate of the blood, as
well displacements, velocities and stresses of the
vessel wall. These results obtained are very useful
to explain the mechanism of propagations of pulse
waves in arteries.

BEL’Z-I 02
The Acoustic Rzdiometer Measured
Ultrasonic Therapeutic Instrument
Jin 3huwuj zhejiang University
Hangzhou,China

According to acoustie raiisted force theory
an” Shotton's method,a new type ol acoustic
radiometer with iloat tetnered chians ifor
measuring output mean sound power from the
ultrasonic therapeutic irstrumentations and
others ultrasonic equipments is develope.,
The hasic priciple,construction aesign,
Sesitivity calivrated and measured method
are descrited and remakable advantage of
the radiometer is introduced, too..

The reflected target witn air backing in
diameter 6.1em has the edflected coefiici-
ent 99.9%.The vernier gauge and the optical
readout system used for measuring displace-
ments by acousitic radiated forece.

Nine errors of the radiometer is analysed.
The measured repeatability error ifor con-
fidence level 99.7% is bbtter than 2.3%.
The sensitivity constant in 0.5-10wWatts
measured range is 10.90mm/v.

Bilomedical Engineering Scientific Papers

BE22-I.1
Ultrasono-Tomography Using F¥ Chirp
Pulse Compression Technigue,
T.Moriya*,S.Kiryu,H.Matsukawa,T.Fuse,
Y.Tanahashi+, Tokyo Metropol. Univ.,
1-1,Fukazawa 2-Chome, Setagaya-ku,
Tokyo,158,FJapan , +Tohoku Univ.

To improve resclution of ultrasonoc-
tomography and to remove biceffects

due to the peak intensity of the
ultrasonic pulse, we devised a scanning
system incorporating FM chirp pulse
compression technique.

The B-mode images for tissue mimicking
fantoms and abdominal B-mode images ax .
obtained using the system and compared
with those obtained using the
conventional pulse method.

We have found that (1} the images
obtained by this method are similiar to
those obtained by the conventional

pulse method,when the center frequency of
the chirp signal from the region of
interest is the same with the center
frequency of the pulse signal from the
same region,(2) without changing the
transducer, we obtain the B-mode images
with higher lateral resolution only by
shifting the center freguency of the
chirp signal to the higher frequency.

BE12-1.3
Experiaents for a new quantitative re-
flection imaging, Jian-Yu Lu and Yu Kei}
Dept. of Riomedical Enginesring, Manjing
Institute of Technolegy, Manjing, China

A new guantitative reflection imaging method which
reconstructs the sound speed distributions of
biological soft-tissues using the outline informa-
tion and the phases of rf echo signals on these
outlines provided by commercial B-scanner has been
developed by the authors recently*, This paper
reports the experiment studies for image recon-
structions using the method introduced above.

The rf echo signals are acquired from the comner-
cial Japanese B-scanner 55D-234 using the wave-
fora-storage oscilloscope HP-1980B with a sampling
rate as high as 30 HHz. An interface between the
B-scanner &nd the oscilloscope was specially de-
signed to eliminate a random wavefora shock caused

by big time-delay of the waveform from trigger.
The signals sampled are transferred to [BM-PC
computer wusing IEEE-488 parallel interface for

image reconstructions. Several agar phantoas were
prepared and were put into an echoless tanker for
experiments. Coampared to the Images displayed an
the screen of the B-scanner, the images recon~
structed are more helpful in the understanding of
the structures of the test ohjects.
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EXPERIMENTS FOR A NEW QUANTITATIVE REFLECTION IMAGING

JIAN-YU LU and YU WEI

Department of Biomedical Engineering
Southeast University, Nanjing, China

1. INTRODUCTTON

As well known, the conventional B-scanner can provide the outlines of the
internal structures of biological soft tissues, but not the quantitative
distribution of acoustical parameters, such as, sound speed, attenuation ete.,
of the biological soft tissues. A new quantitative reflection imaging (QRI)
method was proposed by the authors!':2), Based on the easy-manipulated
acoustical wave transmitiing/receiving system of the B-scanner, the
guantitative images of Lhe sound speed distribution of the biological soft
tissues can be obtained with a datum acquisition interface and GRI
reconstruction method. In this paper, the experimental studies of the @RI
method will be given in destail.

IT. THEORETICAL PRELIMINARIES

Assume that the scattering of acoustical wave in the biological soft
tissues is governed by the inhomogeneous Helmholtz equation. Using the first-
order approximation and the acoustical wave transmitling/receiving geometry of
the B-scanner (see Fig.l), a relationship between the Fourier transform of
the derivative of the one-dimensiorial object fu‘zlction on the line along which
a fooused acoustical pulse wuve is propagated, n's(-2ke),; and the measured rf
(radio-frequency) echo signal returned from the cbject to be imaged, Ps(x',-
lo;ke ), can be obtained

» 4Jomexpl -J (ko Lo +30/4)]1 Py (x’,~lo ;ko )
nd (-2l ) = [ 1

Ik P’ (ka )

where ke is the wave number in the medium which surrounds the object; 1s is
the focal length of the acoustical beam of the B-scamner measured from the
surface of the probe and P'(le) is the Fourier transform of the mechanical-
electrical conversion function of the transducer.

For imsge reconstruction, one will first obtain the high-frequency
component. of the one-dimensional cobject function from the equation above
directly, then, recover the low-frequency component of the one-dimensional
object function from the high-frequency component using the GP (Gerchberg-
Papoulis) frequency extrapolation technique and the a priori knowledges that

s -



the outlines of the internal structures of the object and the phases of the rf
echo signals returned from these outlines are Inown. From the complete
spectrum, the one-dimensional object function can be reconstructed. With the
scanning of the acoustical beam in a cross-section of the object, tomographic
image of the sound speed distribution of the object can be obtained.
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Fig.1 Acoustical vwave tranemitting/receiving geometry of the B-scenner

ITT, EXPERTMENTAL SYSTEM

Fig.2 is the block diagram of the experimental system for the GRT methed.
Tt consiste mainly of five parts and will be described briefly in the

following.
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Fig.2 Block dingras of the experinental eysten for the QRT nethed

The first part of the experimental system in Fig.2 is the acoustical
environment. for the datum acquisition of the rf echo signal, as shown in

Fig.3.
Fig.4 shows Lhe block diagram of the transmitting/receiving system of the

ALOXA 8SD-256 B-gscanner. It transmils the focused acoustical pulse which can
be scanmed electrically and receives the rf echo signal returned from the

object,
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Fig.4 Dlock diagran of the transaitbing/receiving system of the ALOKA 85D-256 B-seanmer

Fig.5 shows the block diagram of the interface circuit which connects the

B-scanner and the oscilloscope

measurement. system.

Tt

is developed by

ourselves and is very important for a stable datum acquisition of the rf echo

signal in our experiments.
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Fig.5 Block diagraa of the interfane cirevit vhich connscts the B-goanner and the nscilloscope measvresent systen

The fourth part of the experimental system is the digital waveform
storage oscilloscope which is used for the datum ascquisition of the rf echo
signal., After the echo signal is digitized,

fifth part,

the computer and image system,

the data are transferred to the

for image reconstruction and
display via the standard TEEE-488 parallel interface.



IV. PREPARATION OF TESTING OBJECTS

In our experiments,; the testing objects (phantoms) are prepared with agar
powder. First, & wooden model is made by chiselling a square channel of a
volume of 20x20x200 mm? in the center of & wood and putting glass rods with a
length of 200 mm and different diameter into the chamnel with a desired
arrangement. Then, agar aquecus solution is prepared by mixing the agar
powder with water and heating it to about 1000c. Finally, the agar phantoms
are formed by cooling the heated agar aqueous solution in the wooden model.

Fig.6 shows the cross-sectional figures of three agar phantoms prepared.
The phantoms are even in the direction perpendicular to their transversal
erogs—-sections. Fig.6(a) contains =ix small holes (one of them is of the
diameter of 2 mm, and the others are of 3 mm) and is prepared from 4% agar
aqueous solution. Fig.6(b) and (e¢) contain no hole and are prepared from 4%
and B% ager aqueous solution respectively. Fig.7 (a), (b) and (e¢) are the
photographs of these phantoms and are corresponding to Fig.6 (a), (b) and (c)
respeciively.

v £ ._,;.._5_.....:_:4?}.,_5_.. — 20 mm — 3] 2omm ———
3 : i
A i
by, |
f | s £
i-O-0e | : :
: |
-?" N €$i:§§5::\ ¢3 ‘
L e J | |
Unit | mm I =7 wax
(a) (b) (c)

Pig,§ (a) Phantos with six heles (made of 4¥ agar aquecns selulion), (b) and (o} Phantous with no bolea (made of 4% and 8% agar
aqueous solution respectively)

(a) (b) (e)
Fig.t (a)l, (b} and (o) Photographs of the phantons corresponding to Fig.® (a), (b) and (e) respactively

VI. EXPERIMENTAL RESULTS

Fig.8 (8), (b) and (e¢) are the imesges of the B-scammer and are
corresponding to Fig.¥ (a), (b) and (c) respectively. It can be seen from
these images that only the outlines of the internal structures of the testing
objects are provided. Fig.9 (a), (b) and (c) are the images reconstructed by
the QRI method from the phantoms shown in Fig.7 (a), (b) and (¢) respectively.

040



Fig. 1O {a), (ly) & (=) & the o

Lines) of Lhe images in Tig.9 and
= ' ghown in 2.6 (a), (b) and

'i.\_-. 1{) O 1 i el LIy ll%]!

:_l‘.'l"\ talive and 1" M Iy |;1r-l|1

! \ Ling ol te 1han the Bes

mparisons of the reconslrucle

Lhe

(“):

iMmAages
IMages

i unde:

ig.9 (&), (b ! by Lhe §
hrt,n(',’i
1 R . e NPT
| ! a - T p———
b b ( |
3 R
(P ]
] [ | |
1 b
| J ‘ :
{ |
EEIEAE.
R
{ i s 1
‘ 1 e O

— i...:l,- -

; ' .

[
e

"ea '

respectively.

reconstructe

standing the

3 F.
Soan Imasges.,

1 lues {(dashead

18

ines

From b
by  QRI

internal

)oon the

atructures

i values (real
[ ines
Fig.9 and

method are

8
e ) g

""_.\
- i ie i I .-."{ } e
¢ p
O ""'“”"t-u,.i
A . |
|
|
)
[ |
!
I i | ﬂ
[
" I
: ‘
i
i | N
S — e
()
Haee) of the inages o Big 8 and t)




Vii. SUMMARY

1. An experimental system for the QRT method is built up in this paper
and the prectical images of the testing objects are reconstructed using the
data obtained from this system.

2, The experimental results show that (1) the images reconstructed by the
QRI method are quantitative and (2) the images reconstructed by the QRI methed
are more helpful in understanding the internal structures of the testing
objects than those obtained by the B-scanner.

3. From the experimental studies above, one can observe that the QRI
method will be useful in tissue characterization and will enhance the ability
of the B-scanner for diagnosing diseases, and it is shown that a substantial
progress in obtaining ultrasonic diagnostic images is made.
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