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Abstract—Commercial equipment is available for
conducting Eustachian tube function tests but, generally, the
Eustachian tube insufflation method doubles as a treatment
and diagnosis. However, with the Eustachian tube
insufflation method, the doctor merely performs the
auscultation. The Eustachian tube insufflation sounds are
not saved as data, and the diagnosis relies on the auditory
judgment of the doctor. That is, the technique is not
objective. To overcome these disadvantages, we set out to
develop a system that would enable the objective evaluation
of the Eustachian tube insufflation sounds. We sampled a
wide range of Eustachian tube insufflation sounds and tried
to identify the acoustic features of specific pathological
conditions. However, it was so difficult to find the features
of Eustachian tube insufflation sounds and to classify
according to observation of spectra completely. Therefore,
we proposed a method of inputting the frequency analysis
results as feature vectors to a Self-Organizing Map (SOM).
Our results confirmed that, when the maximum values of
the spectra are normalized using the 0- to 5-kHz frequency
analysis results, the normal sounds, stenosis, and crepitation
could be classified.
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I.  INTRODUCTION

For a human to hear a sound, the sound waves must
pass through the ear canal and vibrate the eardrum, and
this vibration is transmitted to the inner ear through
ossicles in the middle ear. If, however, the atmospheric
pressure and middle ear pressure are not equal, the
eardrum cannot vibrate properly, so that the sound is not
transmitted correctly. To prevent this, the Eustachian tube
maintains a balance between the atmospheric and the
middle ear pressures. The Eustachian tube is an organ
that connects the middle ear and epipharynx. In addition
to its pressure-equalizing function, the Eustachian tube
also expels foreign bodies and provides a defense
function. This function plays an important role in
maintaining the homeostasis of the middle ear, and since
Eustachian tube dysfunctions lead to various diseases in
the middle ear and the Eustachian tube itself, it is
important to be able to evaluate the functions of the
Eustachian tube [1]. Diseases associated with the
Eustachian tube include Eustachian tube stenosis in
which the tube narrows and has difficulty opening [2],
patulous Eustachian tube in which the tube is
permanently open [3], and otitis media with effusion in
which fluid collects in the middle ear due to the
compromised function of the Eustachian tube [4].
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Various methods of examining the Eustachian tube
function have been proposed: an acoustic method, an
impedance method, and a Eustachian tube-tympano-
aerodynamic method [5]-[12]. To perform these
examinations, equipment that enables the quantitative
inspection of the Eustachian tube function is
commercially available [13]. On the other hand, a method
that uses Eustachian tube insufflation is widely used in
practice. Eustachian tube insufflation works as follows:
air is provided from the pharyngeal opening of the
Eustachian tube into the Eustachian tube itself, and a
doctor uses a rubber tube to listen to the sound of the air
passing through the Eustachian tube [1]. The Eustachian
tube insufflation method is superior to other methods
such as the acoustic method in that the diagnosis also
constitutes the treatment. Furthermore, the doctor confirm
the hardness of the Eustachian tube or the exudation
symptoms of the Eustachian tube and the middle ear
cavity. However, there are some disadvantages: since the
doctor merely performs auscultation, the Eustachian tube
insufflation sounds are not saved as data, and as the
diagnosis depends on the auditory judgment of the doctor,
the objectivity is poor.

Therefore, in this research, we set out to quantify the
Eustachian tube insufflation method and improve the
objectivity and reliability of the diagnosis: we collected
the Eustachian tube insufflation sound from a range of
patients with Eustachian tube diseases and examined the
characteristics of those sounds. However, it was so
difficult to identify the characteristics by medical
conditions from numerous data by observing method.
Therefore, we also examined the feature extraction
process for the classification of Eustachian tube
insufflation sounds depending on medical conditions by
the Self-Organizing Map (SOM).

The Maximum Entropy Method (MEM) was applied to
the sampled Eustachian tube insufflation sounds to
estimate their spectra. As the result, it was estimated that
the difference in the frequency characteristics by medical
conditions might not appear over 5 kHz. The obtained
MEM spectra were used as the feature vectors and were
classified with the SOM for evaluation.

Il. EUSTACHIAN TUBE INSUFFLATION METHOD

In the Eustachian tube function test, the closing and
opening of the Eustachian tube can be confirmed, but the
hardness of the Eustachian tube and the exudation
symptoms of the middle ear are difficult to confirm.
Therefore, the Eustachian tube insufflation method is
usually applied to the diagnosis of Eustachian tube
diseases. The Eustachian tube insufflation method uses a
metal Eustachian tube catheter to deliver air from a
compressor, etc., into the Eustachian tube via the
pharyngeal opening. The generated Eustachian tube
insufflation sound is monitored by a doctor using a rubber
tube called an otoscope. The tube used to deliver the air
from the air compressor (Fig. 1) has a part with a hole, as
shown in Fig. 2. The doctor uses this hole to adjust the
pressure by covering it with his/her finger.
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In the case of a healthy Eustachian tube, the
Eustachian tube insufflation sound resembles a ball or tire
deflating. However, for Eustachian tube stenosis,
harmonic stenosis sounds (a high-pitched whistle) may be
heard, or the insufflation sound may be erratic. If the
stenosis is severe, there may be no discernable
insufflation sound at all. On the other hand, if there is any
secretion in the eardrum cavity or the Eustachian tube,
crepitation or rales (gurgling or a crackly bubbling,
respectively) may be heard. A patulous Eustachian tube
produces an insufflation sound even when the insufflation
pressure is low.

Patient

\\ Otoscope

Ventilation

sound

Doctor

Figure 1. Eustachian tube insufflation method [14]

Figure 2. Pressure adjustment part

I1l.  CONFIGURATION OF EQUIPMENT

A. Configuration of Eustachian Tube Insufflation
Sound Collection Equipment

The Eustachian tube insufflation sound was recorded
by inserting a silicon microphone (SP0103NC3-3) with
an ear tip into the patient’s ear canal. Next, using an
N19239 analog input module (National Instruments), A/D
conversion was conducted at a sampling frequency of
50kHz and a quantization bit rate of 24 bits, and the
results were input to a PC. The configuration of the
microphone is shown in Fig. 3. It was configured so that
the Eustachian tube insufflation sound is output to



International Journal of Pharma Medicine and Biological Sciences Vol. 5, No. 2, April 2016

headphones while the sound is being recorded. This
makes it possible to listen to the Eustachian tube
insufflation sound in real time, so that it does not interfere
with the application of the traditional Eustachian tube
insufflation method.

T

)

ear chip
microphone

Figure 3. Configuration of microphone

B. Signal Processing Flow

By observing the frequency analysis, it was estimated
that the characteristics of abnormal Eustachian tube
insufflation sounds might not be observed over 5kHz.
Therefore, the collected insufflation sounds were down-
sampled to a sampling frequency of 10kHz to reduce the
amount of data, and then the frequency components of
5kHz or lower were used. Since the abnormal sound
might be generated locally, if the entire spectrum of the
collected Eustachian tube insufflation sounds were to be
obtained, then the frequency characteristics of the
abnormal sound would be diluted. For this reason, in this
research, abnormal sounds were identified through
auscultation, and then 0.1 s of data was extracted to use
for feature identification. Next, frequency analysis was
conducted using the Maximum Entropy Method (MEM),
and the feature vectors were prepared and then classified
with the Self-Organizing Map method (SOM).

C. Maximum Entropy Method

The maximum entropy method (MEM) was proposed
by J. P. Burg in 1967 [15]. Akaike was also advocated as
an “autoregressive model” [16]. It is based on the fact
that spectra can be estimated by applying an
autocorrelation function with a large lag which cannot be
measured with the limited measurement data, such that
the information entropy is maximized. Compared to the
fast Fourier Transform Method (FFT), the resolution of
the spectra is extremely high. It is also relatively resistant
to noise, and thus is able to estimate spectra even when
the data length is short relative to the signal period.

The most important point regarding MEM is that the
use of an autoregressive model is assumed for the given
measurement data. The autoregressive model is a
stochastic process model, and is expressed as follows:

X = _Z a, X +N M)
i-1

However, x, (= x(KkAt)) is the observed time series
measurement signal, while n_ expresses stationary white

noise independently of x (I <k). m is the order of the
autoregressive model, while a_ is the m" autoregressive
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coefficient. If we express the autocorrelation function R,
of measurement signal x_ :

R =R(iAt)=E{x X} )

E{ } is the expected value By solving for the

expected value by multiplying both sides of Equation (1)
by x, , the following equation is obtained.

Ro = E{sz} = _Zami ’ E{kak—i}+ E {ank}
i=1

_y a.R.+E{nk2} 3)

mi i
i=1

However, n,_ is independent of x (1 <k). Similarly,
by solving for the expected value by multiplying both

sides of Equation (3) by x_,, x_,, and x__, the
following matrix equation is obtained:
R, R .. R, 1 P
F? R, ... Rn:H a;"1 _ O @
R ... ... R a 0

m 0 mm
P is a wvariance of the stationary white noise
(E{nkz}zo-z). Also, by using the Wiener-Khinchine
formula, the relationship between the autoregressive
model {a } and the power spectrum S(@) can be

presented.
P - At

S(a)) = - (5)

— joiAt
1+ ) ae

i=1

The autocorrelation function R ,R ,--+,R_is obtained

from the measured signals, and by substituting this into
Equation 4), the  autoregressive  coefficient
a_a_,,a and P can be estimated. By substituting
this into Equation (5), the power spectrum of the
observed waveform S(w) can be estimated as a

continuous function of each frequency o .

mi

D. Self-Organizing Map

The SOM was proposed by T. Kohonen [17]. The
SOM uses the algorithm of unsupervised and competitive
neighborhood learning, and is a two-layered neural
network composed of input and output layers
(competitive layers). The output layer is normally set to
two- or three-dimensions for visualization, with a
configuration in which nodes are aligned on a grid. When
the input is an n"-dimensional vector, each node of the
output layer has an n"-dimensional reference vector.

When an input vector y_ is applied, the node that is the

most similar to y_, ie. that with a reference vector
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having the minimum Euclid distance, wins, leading to the
output of y_. Learning in the SOM changes the reference

vector, meaning that the reference vector of the winning
node approaches y , while the reference vectors of the

neighboring nodes also approach y . As such, by

learning the collection of input vectors at a high
dimension, an output map can be obtained in which
similar sample groups are grouped at the same position
on the map (node) or in the neighborhood.

In this research, the output layer was a two-
dimensional map measuring 30330, the learning rule
consisted of batch process learning in which corrections
are made after all of the learning sets are input, and a
gauss function was used for the neighborhood function.
Since the goal of this study was not to improve the SOM
algorithm, details of the SOM algorithm are omitted.

IV. RESULTS AND DISCUSSIONS

A. Frequency Analysis of Collected Eustachian Tube
Insufflation Sounds

The collected Eustachian tube insufflation sounds were
categorized into three main type (normal, stenosis,
crepitation) by a doctor with auscultation of Eustachian
tube insufflation method. Furthermore, we tried analysis
the sounds, in order to find the characteristics by MEM
method. The MEM spectra samples of three types are
shown in Fig. 4 to Fig. 6. These figures are especially
typical. The Autoregression (AR) degree is 40 th-order.

Power/Frequency [dB/Hz]
o

Frequency [Hz]

Figure 4. MEM of normal sound

Power/Frequency [dB/Hz]

Frequency [Hz]

Figure 5. MEM of stenosis sound

Power/Frequency [dB/Hz]
o
Lo

Frequency [Hz]

Figure 6. MEM of crepitation
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e Normal sounds

In Fig. 4, the spectrum peaks are observed at around 2,
5, 8, 10, 12, 15, and 20kHz. However, there are
individual differences. Also, the sound was stationary in
that while an air pressure was applied, its frequency
component did not exhibit any notable fluctuations.
Stenosis sounds

Stenosis sound occurs locally among the normal sound
in the frequency band and, in comparison with the normal
sounds, peaks at around 2kHz have an especially high
intensity in Fig. 5. By observing the MEM spectra of all
data, at least, the peaks were confirmed among 500Hz to
3kHz.

Crepitation

Interruptions in the insufflation sounds could be
confirmed in the time series waveform. In Fig. 6, its
spectrum indicates that the intensity in the bandwidth at
3kHz or lower is high and, compared to the normal sound
(Fig. 4), the bandwidth below the peak at around 2kHz is
not attenuated. However, there are individual differences.

Thus, it was so difficult to find the features of
Eustachian tube insufflation sounds and to classify
according to observation of MEM spectra completely,
because there are individual differences. However, the
characteristics of Eustachian tube insufflation sounds
seemed to exist in 5kHz or lower probably. In other
words, we assumed that the feature probably appeared in
MEM spectra in 5kHz or lower. Therefore, we also
examined the feature extraction process for the
classification of Eustachian tube insufflation sounds
depending on medical conditions by SOM, using MEM
spectra.

B. Classification by SOM

We were able to collect data from 59 sounds. From the
data, we extracted 22 normal examples, as well as 18
examples of stenosis, and 19 crepitation, obtained
through auscultation and tympanometry, and applied
them to the SOM classification. Feature vectors were
prepared under the following conditions, and input to the
SOM.

(a) A MEM spectrum of a 250-point averaging of 0 —
5000Hz on a linear frequency axis.

(b) A MEM spectrum of a 250-point averaging of 0 —
5000Hz on a linear frequency axis, normalized to
0-1.

SOM results are shown in Fig. 7. The SOM classifies
data only according to the inputted feature vector, and it
does not use teach signals. After the end of the leaning of
SOM, the outputs were colored according to the result
diagnosed by a doctor beforehand.

() show that the normal sounds (blue) are separated
from other abnormal sounds except for one normal sound,
but stenosis (red) and crepitation (green) do not exhibit a
clear grouping, although there do appear to be some
clusters. On the other hand, in (b), the minimum value of
the MEM spectra is subtracted from the whole, while
dividing the whole by the maximum value of the spectra
to normalize the MEM spectra to 0 — 1. By normalization
(b), the Eustachian tube insufflation sounds were clearly
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classified into three clusters. Normalization is effective in
using spectral shape for a classification preponderantly.
In other words, the normalization would enable a clear
examination of the spectrum shapes, regardless of the
volume of insufflation sounds. Therefore, we can say that
the MEM spectra (0 — 5kHz) include the feature and the
spectral shape is important for classifying the Eustachian
tube insufflation sounds.

TC pe e "1'1'1'1' (1T,
LS80 soe o0e ¢ Tr?]..

nnnrrr‘_rrrr

X 19009 Y1)
g ..LJ,J;'*' (X + X
T 1 1

AL (I X LI T
ILLI I

S 9009 L1 J;ILEI.,‘:"[' LI
LR L AL L

¢
e

" O
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Figure 7. SOM output results

Blue: normal sounds, Red: stenosis sounds, Green: crepitation, and
Black: diagnostic data (normal sound)

V. SUMMARY

Commercially available Eustachian tube function test
equipment may be able to confirm the opening and
closing of the Eustachian tube, but cannot be used to
confirm the hardness of the Eustachian tube or the
exudation symptoms of the Eustachian tube and the
middle ear cavity. Therefore, generally, diagnosis and
treatment are conducted using the Eustachian tube
insufflation method. With this method, however, only the
doctor performs auscultation, meaning that the
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Eustachian tube insufflation sound is not saved as data.
The diagnosis is therefore subjective and the same sound
may be diagnosed differently depending on the doctor.

In our research, we set out to quantify the Eustachian
tube insufflation method, with a goal of improving the
objectivity and reliability of the diagnosis, and examined
the feature extraction processing by MEM spectra.
However, it was so difficult to find the features of
Eustachian tube insufflation sounds and to classify
according to observation of spectra completely. Therefore,
we proposed a method of inputting the MEM spectra as
feature vectors to a SOM.

The results classified by SOM showed that, by
normalizing the MEM spectra, three types of sounds that
were not separated when un-normalizing were output as
separate groups, thus indicating the efficacy of the
normalizing method. Therefore, we believe that the MEM
spectra include the feature and the feature appears in the
shapes of spectra, regardless of the volume of insufflation
sounds.

In our future work, we will increase the amount of data,
and any data that is not used for learning will be input to
the SOM. By examining the output, the objectivity of our
proposed method should be discussed. Also, the proposed
method is likely to be able to produce a diagnosis with
the extracted parts of the waveform of insufflation sounds,
but a diagnosis cannot be produced with the overall sound,
prior to the extraction. Thus, processing capable of
overcoming this issue should be devised. Furthermore,
the hardness of the Eustachian tube or the exudation
symptoms of the Eustachian tube and the middle ear
cavity are have to inquire.

This research was done by obtaining the approval of
the Ethics Committee of faculty of medicine, University
of Yamanashi, Japan.

ACKNOWLEDGMENT

We would like to express our gratitude to Dr. Itsuo
Ishikawa, a former professor at the University of
Yamanashi, Japan for his advice and cooperation. And
express to Tomoya Hagiwara (Fujitsu Computer
Technologies Limited) for his works. This research was
supported in part by Grant-in-Aid for Scientific Research
(B) 25750185.

REFERENCES

[1] M. M. Paparella, D. A. Shumrick, J. L. Gluckman and W. L.
Meyerhoff, Otolarygology: Basic Sciences and Related Principles,
3rd ed., Mishawaka, U.S.A.: W B Saunders Co., 1991, pp. 176-
184.

[2] H. Yoshida, H. Takahashi, M. Morikawa, and T. Kobayashi,
“Anatomy of the bony portion of the Eustachian tube in tubal
stenosis: Multiplanar reconstruction approach,” Annals of Otology
Rhinology and Laryngology, vol. 116, no. 9, pp. 681-686, 2007.

[3] S. K. Kong, I. W. Lee, E. K. Goh, and S. H. Park, “Autologous
cartilage injection for the patulous Eustachian tube,” American
Journal of Otolaryngology, vol. 32, no. 4, pp. 346-348, 2008.

[4] S. G. Yeo, D. C. Park, Y. G. Eun, and C. I. Cha, “The role of
allergic rhinitis in the development of otitis media with effusion:
Effect on Eustachian tube function,” American Journal of
Otolaryngology, vol. 28, no. 3, pp. 148-152, 2007.



International Journal of Pharma Medicine and Biological Sciences Vol. 5, No. 2, April 2016

[5] H. B. Perlman, “The Eustachian tube: Abnormal patency and
normal physiologic state,” Arch. Otolaryngology, vol. 30, pp. 212-
238, 1939.

[6] H. Virtaen, “Sonotubometry, an acoustical method of objective
measurement of auditory tubal opening,” Acta Otolaryngology,
vol. 86, pp. 93-103, 1978.

[7] K. Flisberg, et al., “On middle ear pressure,” Acta Otolaryngology,
vol. 182, pp. 43-56, 1963.

[8] C. D. Bluestone, J. L. Paradise, and Q. C. Beery, “Symposium on
prophylaxis and treatment of middle ear effusion: Physiology of
Estachian tube in the pathogenesis and management of middle ear
effusion,” Laryngoscope, vol. 82, p. 1654, 1972.

[9] Y. Hori,etal., “Audiometry with nasally presented masking noise:
Novel diagnostic method for patulous Eustachian tube,” Otology
Neurotology, vol. 27, pp. 596-599, 2006.

[10] T. Kumazawa, I. Honjo, and K. Honda, “Aerodynamic evaluation
of Eustachian tube function,” Arch Otorhinolaryngol, vol. 200, pp.
147-156, 1974.

[11] T. Kumazawa, |. Honjow, and K. Honda, “Measurements of
dynamic eustachian tube function by impedance meter,” Practica
Oto-Rhino-Laryngologica, vol. 72, no. 10, pp. 1415-1523, 1979.

[12] S. Schroder, M. Lehmann, O. Sauzet, J. Ebmeyer, and H. Sudhoff,
“A novel diagnostic tool for chronic obstructive eustachian tube
dysfunction—The Eustachian tube score,” Larygoscope, vol. 125,
pp. 703-708, 2015.

[13] RION. Manual of JK-05A 220AABZX00038000. [Online].
Available: http://www.rion.co.jp/product/medical/assets/JK-
05A.pdf

[14] A. Komatsuzaki and G. Honsho, Jibi into Ka Kensahou Manual
(in Japanese), Japan: Nankodo, 1992.

[15] J. P. Burg, “Maximum entropy spectral analysis,” in Proc. 37th
Annual International Meeting, Soc. of Explor. Geophys.,
Oklahoma City, Oct. 31, 1967.

[16] H. Akaike, “Fitting autoregressive models for prediction,” Annals
of Institute Statistical Mathematics, vol. 21, pp. 243-247, 1969.

[17] T. Kohonen, “Self-Organizing formation of topologically correct
feature maps,” Biological Cybernetics, vol. 43, pp. 59-69, 1982.

Yutaka Suzuki was born in Japan on June 16,
1980. He received the B.E., M.E., and Ph.D.
(in Medical Engineering) degrees from Univ.
of Yamanashi, Japan, in 2003, 2005 and 2008,
respectively.

He had been an Assistant Professor at Center
for Life Science Research, Univ. of
Yamanashi, Japan in 2008-2014. Since 2014,
he is currently an Assistant Professor at
4 faculty of Engineering, Univ. of Yamanashi,
Japan. His concerning previous publication is “An auscultaiting
diagnosis support system for assessing hemodialysis shunt stenosis by
using self-organizing map, IEEJ Trans. ELS, vol. 131, no.1, pp. 160-166,
2011”. His current and previous research interests are Acoustical Signal
Processing, Medical and Biological Engineering, and Kansei
Engineering.

Dr. Suzuki is a member of the IEEE, IEICE, JSMBE, JSWE and JSKE.

Osamu Sakata was born in Japan on April 24,
1972. He received the B.E., M.E., and Ph.D.
(in Engineering) degrees from Univ. of
Tsukuba, Japan, in 1996, 1998, and 2001,
respectively.

He was a Research Associate in Ibaraki
Prefectural Univ. of Health Sciences, Japan in
2001-2004. He was a Postdoctoral Researcher
in NFRI, Japan in 2004 — 2005. He was a
JSPS Research Fellow in 2005 — 2006. He is
currently an Associate Professor at faculty of Engineering, Univ. of
Yamanashi, Japan. His concerning previous publication is “Temporal
changes in occurrence frequency of bowel sounds both in fasting state
and after eating, Journal of Artificial Organs, no. 16 vol. 1, pp. 83-90,
2012”. His current and previous research interests are Medical and
Biological Engineering and Image Processing.

Dr. Sakata is a member of the IEEE, IEICE and IEEJ.

©2016 Int. J. Pharm. Med. Biol. Sci.

Shun’ichi Imamura was born in Japan on
July 10, 1962. He completed Medical School
at Yamanashi Medical Univ., Japan in 1987
and received Ph.D. (in Medicine) degree from
Univ. of Yamanashi in, Japan 1991.
He was an Assistant at Yamanashi Univ.,
v Japan in 1991 — 1996. He was a Research
i Fellow at Harvard Medical School and
Massachusetts Eye Infirmary. He was a
1 | . Lecturer at Shinshu Univ., Japan in 2002 —
2003. He was a Lecturer at the Dep. of Oto-rhino-laryngology, Univ. of
Yamanashi, Japan in 2003 — 2007. Currently he is a director of Imamura
ENT Clinic. His concerning previous publication is “Patulous
Eustachian tube in spontaneous intracranial hypotension syndrome,
Headache., vol. 47, no. 1, pp. 131-135, 2007”. His current and previous
research interests are Otology, Infantile Deafness, Hearing Aid.
Dr. Imamura is a member of the Japan Otological Society.

9

Shuichiro Endo was born in Japan on March
5, 1972. He completed Medical School at
Yamanashi Medical Univ., Japan in 1996.

He is an Assistant Professor at the Dep. of
Oto-rhino-laryn gology since 2000, Univ. of
Yamanashi, Japan concurrently. His current

e and previous research interest is Audio
g Otology.
Dr. Endo is a member of the Oto - Rhino -
| . 4 . Laryngological Society of Japan.

Akihito Mizukoshi was born in Japan on July
16, 1967. He completed Medical School at
Yamanashi Medical Univ., Japan in 1993 and
received Ph.D. (in Medicine) degree from
Univ. of Yamanashi, Japan in 2002.
He was an an Assistant Professor at the
Department of Oto-rhinol-aryngology, Univ.
of Yamanashi, Japan in 2000 — 2011, and
r Chief of outpatient clinic, Univ. of Yamanashi,
in 2005 — 2011. Currently he is a director of
Mizukoshi ENT Clinic. His current and previous research interests are
Otology and Infantile Deafness.
Dr. Mizukoshi is a member of the Oto-Rhino-Laryngological Society of
Japan.

<

Asobu Hattori was born in Japan on April 21,

1979. He received the B.E., M.E and Ph.D. (in
Medical Engineering) degrees from Univ. of
Yamanashi, Japan, in 2002, 2004, and 2007,
-~ respectively.
. He was a School Affairs Assistance at faculty

- of Engineering, Univ. of Yamanashi.
\_/ Currently, he is a Senior Researcher at photo
‘ . acoustic technical group in the Tokyo
N Metropolitan Industrial Technology Research

Institute. His current and previous research interests are Acoustic
Analysis and Kansei Engineering.
Dr. Hattori is a member of the IEICE and JSWE.

Masayuki Morisawa was born in Japan on
November 24, 1962. He received the B.E.,
M.E. degrees from Yamanashi Univ., Japan, in
1987 and 1989, respectively. He received
Ph.D. (in Engineering) degree from Tohoku
Univ., Japan in 2002.

He was an Assistant at Yamanashi University,
Japan in 1989 — 2003. He was an Associate
Professor at University of Yamanashi, Japan
in 2003 — 2012. Since 2013, he is currently a
Professor at faculty of Engineering, Univ. of Yamanashi, Japan. His
concerning previous publication is “Improvement in response of
swelling clad-type POF humidity sensor using a multicladding layer,
Proc. of IEEE Sensors 2014 Conference (IEEE Sensors 2014),
(Valencia,Spain) pp.1799-1802, 2014”. His current and previous
research interests are Optical Electronics, Optical Fiber, Sensing
Control Engineering and Organic Thin Film.

Prof. Morisawa is a member of the IEEE, SPIE, JSAP and JASTS.


http://www.rion.co.jp/product/medical/assets/JK-05A.pdf
http://www.rion.co.jp/product/medical/assets/JK-05A.pdf



