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Propagation Characteristics of the Bone-conducted
Ultrasound in the Living Human Head: Estimation of
the Propagation Delay by Instantaneous Frequency

Analysis
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1. Introduction

An ultrasound with frequency above 20 kHz
(up to about 100 kHz) can be heard via
bone-conduction (BC)". This “audible” ultrasound
through BC is referred to as the bone-conducted
ultrasound (BCU). Since BCU can be perceived not
only by normal hearing but also by severe hearing
impaired”, a novel hearing aid (bone-conducted
ultrasonic  hearing aid, BCUHA) is being
developped for profoundly hearing impaired®.

The perception mechanisms of BCU,
however, have still unclear. For the better
understanding of the perception mechanisms of
BCU, various approach have been made: estimation
of the propagation process of BCU in the head by
using computer simulations or actual measurements
is one of these approaches. In the previous studies,
we estimated the propagation velocity of BCU in a
living human head as approximately 300 m/s by
using the pattern of acoustic interference of
simultaneous bilateral excitation”. Further, we
estimated the characteristics of the propagation
delay of ultrasonic sinusoidal pulse by using
across-frequency phase disturbance of the
acceleration responsess). In this method, however, it
was difficult to detect the precise delay of paths if
there are frequency dispersion in the transmission
pathways. On the other hand, the existance of
frequency dispersion of the propagation delay could
be useful information for identification of the
pathway and the mode.

As for accurate detection of the propagation
delay and its frequency dispersion, an instantaneous
frequency (IF) analysis” would be an effective
since a phase interference caused by a multipath
propagation system in the responses for sinusoidal
input signal gives rise to changes in the IF. Thus, in
the present study, we tried to observe characteristics
of the propagation delay and its frequency
dependency using the IF analysis.
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2. Measurements

2.1 Methods

The experimental setup is shown in Fig.1.
Ultrasonic pulse as excitation signals were 10-wave
sinusoids with frequencies from 28 kHz to 32 kHz
in 100-Hz steps. The ultrasonic pulse were
presented via vibrators (Murata Manufacturing
MAA40E7S) placed over the left and right mastoid
processes and the forehead. The excitation signals
were synthesized digitally by a PC at a sampling
frequency of 800 kHz, generated through a 16 bit
DA converter (National Instruments, PXI-6120).
The acceleration responses were measured using
accelerometers (Ono Sokki NP3211) placed inside
the left and right ear canals. The acceleration
responses at the left and right ears were obtained
simultaneously each for the left, the right or the
forehead excitation.

2.2 Instantaneous Frequency Analysis

The IF analyses were applied on the transient
responses of the sinusoidal ultrasonic pulses. The
instantaneous phase as a function of time is
represented as:

Xpf(t)

¢r(t) =tan™! PROL (1)

where x¢(t) is the response signal for the
excitation frequency, f, and xpf(t) is the Hilbert
transform signal of x,;(t). The IF signal as a
function of time for f, IF¢(t), is obtained as the time
derivative of ¢, (t) as:

_ 1 d¢r(®)
IFp(t) = - 2)
Then, the normalized IF is obtained as

time-frequency  function
excitation frequency f:

nIF(t, f) = @

normalized by the

3)

2.3 Results and discussion

As examples of the results, superposed wave
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forms of the transient acceleration responses (A), a
time-frequency responses map (B), and a
normalized IF (C) are shown in Figs.2 (for left-side
excitation recorded at the left ear (ipsilateral side))
and 3 (for left-side excitation recorded at the right
ear (contralateral side)).

As for the ipsilateral response (Fig.2), the
first arrival component was reached about 15 us
with no frequency dependency. After the first wave
arrival, prominent arrival components were not
observed, but there were some local change in the
nlF(t, f) (e.g. 32 kHz at 730 ps).

As for the contralateral response (Fig.3), the
first and the second components were arrived at
about 90 and 160 pus, respectively, with no
frequency dependence. On the other hand, at the
subsequent part, changes in the nlIF(t,f) with
frequency dependence were observed. These parts
could be due to the transmission of vibration mode
with frequency dispersion, such as the bending
wave.

4. Conclusions

Measurements of the acceleration responses
for ultrasonic sinusoidal pulse as input signals in
the human head were performed, and the IF
analysis was applied for these acceleration
responses. As results, the frequency dependencies
of the propagation delay characteristics were
observed in the contralateral transmission.

As future work, we will try to develop a
method to estimate the exact pathways and the
vibration modes of the contralateral transmission
based on the delay time and its frequency
dispersion of the propagation.
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Fig. 1. Experimental set-up for the measurement of
the propagation characteristics of BCU in a human
head.
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Fig. 2.  Responses for left-side excitation
received at the left ear (ipsilateral side):
Superposed wave forms (A), a time-frequency
responses map (B), and a normalized IF (C).
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Fig. 3. Responses for left-side excitation
received at the right ear (contralateral side).
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