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Simultaneous Measurement of Small Vibrations
at Multiple Points on the Aortic Wall,
and the Analysis of Their Spectra

Makoto KoNDO, Masashi OzAwWA
Hiroshi KaNA1 and Noriyoshi CHUBACHI

Abstract

We previously proposed a noninvasive method for diagnosing early-stage arteriosclerosis. This method used ultrasound to

detect small vibrations at two adjacent points on the aortic wall. Here we propose a new method for simyltaneous measurement

of small vibrations at multiple points within several centimeters on the aortic wall by controlling the direction of the ultrasound

beam produced by an ultrasonic diagnostic system. By analyzing signals from these small vibrations, we obtained simultaneous

local pulse-wave velocities at multiple points along the aorta. The principle of this method is described, as is its confirmation

through experiments using a silicone tube in a water tank and experiments in vivo for the wall of the abdominal aorta.
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Table 1 Relationship Between Number of Transmitted
Directions (N) and Frame Rate (FR=PRF/N)

standard B-mode | developed mode

raster density : 1 240 (15) 16 (225)
raster density : 1/2 120 (30) 8 (450)
N (FR) N (FR)

Table 2 Relationship Between Number of Transmitted Di-
rections (N) and Each Transmitted Raster Address
(Expressed in Decimal Form)

The number N of | raster address
transmitted address
standard 240 0, 1, -, 238, 239
B-mode 120 0, 2, -, 236, 238
developed 16 15, 31, -, 239, (255)
mode 8 15, 47, -, 207, 239
d.ovgloped
'L(lﬁiﬁ 47,...,239,255}
in u out “0—-—(01 238,239}
standard
-mode
\
address D—E
delay register
circuit address E_Q\-E
ultrasonie || register address
sector scan probe signal
(8 bit logic)
body surface
770NN
g FAR)
NI A NN\
/ N T Y N N *- (255)
VAN */ 29
15 /! ! )
‘| ' 207

a7 N

Fig.1 Outline for remodeling the ultrasonic diagnostic
equipment to transmit the ultrasonic beam in 8 or
16 directions.
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Fig.2 Explanation of the method used to obtain small
vibration signals from the received ultrasonic
signals reflected at multiple points.
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Fig.3 Measurement of vibration signals at six points on a rubber plate in a tank full of water.
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Fig.4 Simultaneously measared vibration signals at six points {x}, (i=2,3,---,7) on the rubber plate, and their spectra.
(a) Vibration signals {v{¢t;x,)} at six points. (b) Power spectra {|V{f;x.)|?} of {(;x)}. (c) Phase spectra {®
(f;x)} of w(t;x)}. (@) Phase {O(fp;x)} at center frequency fo.
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Fig.5 Measurement of small vibration signals resulting from propagatioii of pulse waves on a silicone tube.
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Fig.6 Simultaneously measured small vibration signals
Pp@;x)} at seven points {x}, (=1,2,--,7)
and vie;(#), (G=1,2) on the wall of the silicone
tube.
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Fig.9 Pulse-wave velocities at six sections on the silicone
tube, obtained by analyzing the small vibration
signals at seven points.
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Fig.11 Simultaneously measured small vibration signals
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on the wall of the abdominal aorta.
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Fig.13 Pulse-wave velocities at seven sections on the ab-
dominal aorta, obtained by analyzing the small
vibration signals at eight points.
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