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To diagnose atherosclerosis bused on the acoustic character-
istics of the aortic wall, it is necessary to detect vibration
signals from various parts of the aortic wall near the heart, It
is, however, difficult to obtain such small vibrations using
previously proposed ultrasonic diagnostic methods or
systems because the small vibrations are superimposed on
the motion with large amplitude due to the heartbeat. The
authors developed 8 new method for overcoming this
problem and accurately measuring small vibrations of the
aortic wall using ultrasound. The Letter describes the accu-
racy of evaluation using this new method by simulation
experiments using a system which simulates small vibrations
of the aortic wall near the heart,

Introduction: The need for a method to quantitatively
measure heart sounds and vibrations on the aortic wall is
becoming increasingly important {1]. However, the vibrations
of the aortic walls with small amplitude (about + 100 um, up
to at least several hundred Hertz) are superimposed on the
motipn with large amplitude {about 1 10mm, several Hertz)
due to the heartbeat. Thus, there are large fluctuations (about
4 10us) in the transit period for the round trip travel of an
ultrasonic wave travelling between a transducer on the chest
wall and the aorta near the heart during one cardiac cycle. It is
difficult to obtain the small local vibrations on the large
motion described above. To overcome the problem, we have
already proposed a new method [2]. This Letter describes a
measurement system which we have constructed to detect
small vibration signals over a wide frequency range based on
the principle of the method. From simulation experiments in a
water tank, the accuracy and effectiveness of the proposed
method are evaluated.

Principle: In the standard ultrasonic Doppler system [3], the
velocity of an object is measured from the phase shift of the
reflected ultrasonic wave. In the measurement of small vibra-
tions on the heart motion, however, phase shifts due to the
instantaneous change of the object position cannot be
neglected, Thus, we have proposed an alternative new method
to estimate the vibration velocity vt} of an object moving with
a large amplitude [2]. In this method, the velocity ot) of the
object is estimated by
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Fig. | Description of the transmitted wave V,[t) from an ultrasonie
transducer, the wave V, (1) reflected at an object, and an outline of the
measurement procedure in the proposed method
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where ¢, 8,, wq, and At denote sound velocity in water, the
phase of the reflective ultrasonic wave at a time ¢, the angular
frequency of the incident ultrasoric wave, and the time inter-
val between a pulse received at time ¢ and the successive
received pulses, respectively. That is, the vibration velocity vff)
superimposed on a large amplitude motion is estimated from
the phase change 8,,,, — 8, and the time interval At between
the successively received pulses as shown in Fig, 1,

Experimental apparatus: Fig. 2 shows the experimental appar-
atus. The motor and the rotating eccentric cam are employed
to generate motion with a large amplitude (+8mm, | Hz),
which simulates the heartbeat. The vibrator is employed to
apply the vibration with small amplitude (10 gm--1mm) to a
rubber plate of size 30 x 30mm? in a water tank. This small
vibration simulates a small vibration of the wall of the aorta
near the heart. The centre frequency of the ultrasonic wave is
3-:5MHz, the pulse width is | us, and the pulse repetition fre-
quency is SkHz.

The received output signal of the ultrasonic transducer is
amplified and demodulated by multiplying the resultant pulse
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Fig. 2 Experimental system which simulates the vibration of the aortic
wall with heartbeat of large amplitude using a vibrator and a motor with
an ecceniric cam

wave by cosine and sine signals at 3-5 MHz. The resultant real
and imaginary signals are simultancously A/D converted with
a 12 bit A/D convertor at a sampling rate of 1 MHz. The
length of each signal is ~ 512 x 10* points.

Experimental results: To evaluate the correlation at each fre-
quency between the velocity signal v,{f) and the velocity signal
vy(t), the following coherence function y*(f) is calculated:
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where V|(f) and V,(/f) are the spectra of v,{f) and v,(t), respec-
tively. The term E[.] and * denote the average operation and
the complex conjugate, respectively. The average is made from
16 sets of signals in these experiments. Before superimposing
the motion with large amplitude, only the small vibration is
applied to the rubber plate in the water tank, which corre-
sponds to white noise in the frequency band ranging from
3Hz to 1-5kHz and the peak vibration amplitude is equal to
10 um-1 mm. Fig. 3a shows the experimental results for this
condition. The coherence function y%(f) is calculated between
the velocity signal vy(f) obtained from the laser Doppler
equipment (Ono Sokki LV-1500) and the velocity signal v,(t)
obtained from the standard ultrasonic diagnosis equipment
{Yokogawa Medical RT-3600). From these experimental
results, the vibration signal is successfully estimated by the
ultrasonic diagnostic equipment. For experiments of the small
vibration superimposed on the large amplitude motion,
however, there is no correlation between vy(t) and vf) as

)= (2)
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Fig. 3 Coherence function y*(f) between the vibration velocity ve(t) and
vft) using analogue signals from ultrasonic diagnosis equipment, and
coherence function y*( ) between the vibration velocity vylt) and 1)

a Experimental result without rotating eccentric cam: coherence
function between v,(t) and v,(f)

b Experimental result with rolating eccentric cam: coherence func-
tion between vg(f) and v (1)

¢ Experimental result with rotaling eccentric cam: coherence func-
tion between v,(t) and iXt)

vp(t): oulpul from laser Doppler equipment, v {t}: output from
ultrasonic diagnosis equipment, &f): vibration velocity estimated
by proposed method

shown in Fig. 3b. Because the laser Doppler equipment is
sufficiently reliable for this measurement condition, the small
vibration on the aortic wall near the heart cannot be mea-
sured by the standard ultrasonic Doppler system. To confirm
the principle of the method proposed to solve the above
problem, the small vibration signal ¥t} of a rubber plate in a
water tank is estimated from the signal received by an ultra-
sonic transducer as shown in Fig. 2.

Fig. 3c shows the experimental results obtained by the pro-
posed method for the same experimental conditions as Fig. 3b.
The output signal of the laser Doppler equipment is passed
through a highpass filter (cutoff frequency f, = 10 Hz) before
A/D conversion to remove the components of large amplitude
due to the motion of the eccentric cam. The resultant signal
vy(t) is obtained by the laser Doppler equipment. The vibra-
tion velocity signal i) is estimated by the proposed method
using the signals of the demodulated output of the ultrasonic
transducer. Fig. 3¢ shows the coherence function ¥%(f)
between i{t) and vy(t). From these experimental results, the
small vibration velocity on the large motion is successfully
detected in the frequency range up to 1 kHz.

Conclusions: This Letter experimentally evaluates the accu-
racy of the new method proposed for measuring small vibra-
tions of the sortic wall on a large motion due to a heartbeat
using ultrasonic techniques. These experimental results lead to
the conclusion that evaluation of small vibrations of the aortic
wall in the frequency range up to t kHz to diagnose its acous-
tic characteristics is achievable.
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