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Auscultation of the Chest may be Easier when Patients are Wearing Under Shirts than on the Bare Chest
Yukio NAGASAKA (Department of Pulmonary Medicine at Kinki University Sakai Hospital, Osaka, Japan) et

al.
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Auscultation of the Chest may be Easier
when Patients are Wearing Under Shirts
than on the Bare Chest

Yukio NAGASAKA, Shohei YASUDA, Yasuhiro IEDA
and Naoko NAKANO
Department of Pulmonary Medicine at Kinki University Sakai Hospital Osaka, Japan
Terufumi SHIMODA
National Fukuoka Medical Center, Fukuoka, Japan
Chizu HABUKAWA
National Minami Wakayama Medical Center, Wakayama, Japan
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A Development of a New Cough Monitoring System using Wireless Accelerometer
Akira MURATA (Division of Pulmonary Medicine, Infectious disease, and Oncology, Department of Internal

Medicine, Nippon Medical School) et al.
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40% = SHP TT <50% 40%<SHP
: 40ms<<70 = = <
P“‘ZZ‘:Z““ san;< 1 Omrzs SHPC15% <55% | SHP=40% <55% ::jpp ;gg%
= SLP=15ms SLP=30ms | SLP<15ms = oums

®R2 BRIEROER

Sound svents (events)

T Pseud Pseud T
N.O. Name  Age Sex  Discase x'u.c se’u‘( ? seu‘ ° m.e Total
posttive positive negative negative
1 Q.M. 63 M COPD 221 6 45 628 800
2 Y.H. 31 F AB 28 1 5 12 46
3 Y.O 28 F AB 69 4 2 1§ 90
4 M.A. 33 M AB 23 2 2 4 31
3 HY. 45 M BA 18 2 2 8 30
6 AM. 50 M P 63 3 13 74 155
7 B.T. 35 F BA 44 7 58 117
8 KL 46 F P 3 2 1 4 30
9 u.rL 55 M AB 44 2 3 36 87
10 5.A 62 M COPD 384 2 17 13 416
y d
Total @ ® ©) @ 1902
919 31 100 832
Sensitivity: af {a+ ¢} 90.186 %
Specificity: d/ (b + d) 96.489 %
Discriminative rate: (a + d} /(a+b + c + ) 93.113 %

COPLE ¢hronic obstrustive pulmonary disease, AR: acute bronchutis, BA: bronehial asthma, P: pneumonia,
IP: interstitial pneumoni s

Clinical Pharmacology and Therapy
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< WIRELESS ACCELEROMETER>

Detection range : 3G(1G=9.81m/sec?)
Sampling frequency : 200Hz
Frequency band of wireless communication : 2.4GHz

Supine positon
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B1  FHik (NEEtEH0OFAEORE)

1) Contact microphone

2) Wireless accelerometer

&& ))))) L

s
H 3) IC recorder (free air field)

4) Receiver

5)Computer
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: the waves measured by an acceleometer.

: the moving average of 2 times integral calculus of waves measured by an accelerometer.

A
B :the 2 times integral calculus of waves measured by an acceleometer.
C
D

. the position of an accelerometer videotaped.
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r3 #R
The number of coincidence
between the signals of Correct cough sound
accelerometer and contact number
microphone
HT F 78 79
HS ......... F ...................................... 4 4 ........................................................... 4 4 ..........................
NN ......... M99 ........................................................... 99 ..........................
MZ ......... M53 ............................................................ 53 ...........................
NA ......... M ..................................... 8 0 ............................................................ 30 ..........................
total 359 360
Sensitivity = 359 / 360 x 100 = 99.7%

Y5 LD, IZEHEEEREREEIRD
5, BT Y DB T YL A IEnEE
TUOYNFRATHE EFEX 6N, £z, 3
IEEY Y dAEBEROEZ 5720, HAE
HICHABR D EHTELD THHDOBIIC
BALD EEZ BTz,

—7, ZEEFOEFHNION S D EREFEDF
&, EEHLS R THREZENEZ 5ND, —
E—ENHB 20, MWTUTHRN Lz, TR
B, GWEOOA I IR 074 Tk o T

X W

UGk & N7z BT R B Ik E O Rl & JEEB O Ik
T 2B OIRENTEK 2 KHKE O FHE N —2 9 555
&, PRI K DI S -k E & e LT,
BRE99T7T hEFHWHERNEF LN, T KD
2FEEOT Y EHNDZEITXD, S5k
FOMBNERITIZD ZENEZ BN,
S, ONCNEETYORE(ED VY
ORRAO T3 OREBEBLINTAI VI X
b, SHITELEFEOZMEZNEKL, ZHEET
IO LADRBEEEDD ZENRETH D,

1) AHE B, NPEE, TEA T, BERBCR, KERME: WREZSY 2 J7 VA5 L OBKIGH, HEEE

K, 12, 365~370, 2002

2) Akira MURATA, Nao OHOTA, Atsuo SHIBUYA, Hiroshi ONO & Shoji KUDOH : New non-invasive
automatic cough counting program based on 6 types of classified cough sounds, Internal Medicine,

45 (6), 391~397, 2006
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A Development of
a New Cough Monitoring System
using Wireless Accelerometer

Akira MURATA and Shoji KUDOH
Division of Pulmonary Medicine, Infectious disease, and Oncology,
Department of Internal Medicine, Nippon Medical School

Background

Cough is one of the most common symptoms of respiratory disease. Despite its clinical impor-
tance, standard methods for objective cough analysis have yet to be established. Therefore we
have been developing a non-invasive cough monitoring system. We extracted 6 parameters from
recorded cough sounds with IC recorder. And then we classified cough sounds into 6 groups and
developed a new objective program of counting coughs. In result, we obtained that the sensitivity
was 90.2%, the specificity was 96.5% and the discriminative rate was 93.1%. However we got some
problems in our program, that is the outside noise influenced the dropping of discriminative rate
(Murata A. : Internal Medicine, 45(6), 391-397, 2006).

Aim

We thought the discriminative accuracy of cough sounds would improve using the detection of
another phenomenon of the thoracic and abdominal movement in addition to the detection of the phe-
nomenon of sounds. Therefore we purposed to evaluate the efficacy of using a wireless accelerome-
ter to count cough sounds.

Method

Firstly, we aimed at the movement of the diaphragm and abdominal wall during coughing. And then
we contacted a small accelerometer on the upper area of abdominal wall and simultaneously record-
ed the movement of the abdominal wall on videotape and the signals of an accelerometer contacted
abdominal wall during coughing. Next, we recorded simultaneously cough sounds with IC recorder in
free-air space and a contacted microphone on the neck and measured the signals of an accelerome-

Clinical Pharmacology and Therapy
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ter contacted on the abdominal wall. And we evaluated the efficacy of the accelerometer for detect-
ing cough sounds.

Results

There was correlation between the moving average of 2 times integral calculus of signals measured
by an accelerometer and the movement of the abdominal wall. Then we thought that an accelerome-
ter was useful for measuring of the movement of the .abdominal wall. And we compared recorded
spontaneous cough sounds with measured the signals of an accelerometer and a contacted micro-
phone. A s a results, we recognized the cough sounds synchronized with the signals of an accelerom-
eter and a contacted microphone and then we thought that an accelerometer was useful for detecting

cough sounds.
Conclusion
We concluded that it was possible to detect cough sounds using the signals of an accelerometer
contacted on abdominal wall and a contacted microphone on the neck. We could think that the

method of detecting cough sounds using the acceleration signal would be able to supplement the
method using the signals of sounds.

Clinical Pharmacology and Therapy
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Automatic Classification of Lung Sounds (II)

Fumimaro Konpou (Division of Medical Imaging, Graduate School of Health Science, Suzuka University of

Medical Science, Mie, Japan) et al.
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Automatic Classification
of Lung Sounds (II)

Fumimaro KONDOU
Division of Medical Imaging, Graduate School of Health Science,
Suzuka University of Medical Science, Mie, Japan
Akifumi SUZUKI
Department of Clinical Engineering, Faculty of Medical Engineering,
Suzuka University of Medical Science, Mie, Japan

In the last conference we proposed a new method of classifying lung sounds. Reference lung
sounds are determined by defining their spectrum characteristics. Autoregressive coefficients of
the reference lung sounds and those of recorded lung sounds are calculated and their spectral dis-
tances are measured with Itakura distance. In most cases the algorithm correctly classified lung
sounds; however, in some case of vesicular sounds, the algorithm failed in classification. In the
present work the cause of the misclassification is examined. It is found that the shape of the high-
frequency low-energy range of the vesicular-sound spectrum affects the estimation of the spectral
distance. The sampling frequency in the algorithm is decreased to limit the bandwidth of the signal
processing. The improved algorithm correctly classifies lung sounds and also increases the sensi-
tivity in the classification.

Key words: Lung sounds, Automatic classification, Autoregressive model, Sampling frequency
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Detection Algorithm for Continuous
Adventitious Lung Sounds

Atsushi FUCHITA and Fumimaro KONDOU
Division of Medical Imaging, Graduate School of Health Science,
Suzuka University of Medical Science, Mie, Japan
Akifumi SUZUKI
Department of Clinical Engineering, Faculty of Medical Engineering,
Suzuka University of Medical Science, Mie, Japan

Detection of adventitious lung sounds is important to monitor respiratory condition with lung
sounds. In the detection of continuous adventitious sounds, methods based on peak search in the
power spectrum or the spectrogram have been reported; however, they have problems such as false
detection and the complexity of the algorithm.

In this study a new method of detecting continuous adventitious sounds is proposed. Continuous
adventitious sounds are periodic waves, whereas discontinuous adventitious sounds and normal lung
sounds are periodic waves. Short-term auto-correlation coefficient of lung sound signal is calculated
movingly. The square sum of the auto-correlation coefficients of each segment is then calculated
and used as the measure of periodicity of the signal. Performance of the proposed algorithm is
assessed and the results show that the algorithm successfully detects continuous adventitious lung
sounds.

Key words : continuous adventitious lung sounds, short-term autocorrelation function, detection
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Produce of Lung Sounds Database
and Experiment of Automatic Detection
of Abnormal Lung Sounds
by Auscultation

Sueharu MIYAHARA, Kensei TANAKA, Keiko KITAZATO
and Senya KIYASU
Department of Computer and Information Sciences, Nagasaki University
Hiroshi SODA and Shigeru KOHNO
School of Medicine, Nagasaki University
Mikio OKA, Yasushi OBASE, Sinichi YAGI
and Yoshihiro OOUE
Kawasaki Medical School
Shigeru ONOZAWA
Kameda Medical Center

Abstract

While sounds from a living body are sometimes important clues, which show a disorder in his health
condition, only skilled doctors can detect abnormalities in those sounds.

In order to realize a new sound system, we have been studying the means of detecting abnormal
lung sounds in the sounds from a living body. This sound system needs to equip an automatic diag-
nosing function which is applicable to medical service and nursing care at home.

Firstly, we report on the means of producing lung sound database to realize an automatic detecting
system.

Secondly, we report on two algorithms of detecting abnormal lung sounds. One algorithm was
developed to avoid the infected noises in lung sounds. The other was developed to detect the inter-
vals in wave forms where abnormal sounds occur.

Key words: Auscultation, Electronic stethoscope, Abnormal sounds detecting, Lung sounds analysis,

Lung sound database, Automatic diagnosing
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A Study on the Detecting Adventitious
Sounds from Lung Sounds
Using a Statistical Method

Katsuya YAMAUCHI, Masaru YAMASHITA, Shoichi MATSUNAGA
and Sueharu MIYAHARA
Nagasaki University, Nagasaki, Japan
Hiroshi NAKANO
Fukuoka National Hospital, Fukuoka, Japan.

Abstract

This paper proposes an novel procedure to detect the adventitious sounds from lung sounds using
a stochastic approach. The lung sounds from 13 patients with an emphysema pulmonum and 7 able-
bodied people were recorded through a condenser microphone attached to subjects” chest wall.
Each lung sounds was divided into several respiratory phase segment, and labeled according to the
respiratory phase and diagnostic states (normal or abnormal). The architecture of the proposal
method is composed of the training process and the test process. Acoustic models of each phase
segment unit are generated for every kind of diagnostic state in the training process. Likelihood of
an input phase segment was calculated using acoustic models which were generated for each diag-
nostic state, and the diagnostic state achieving the highest likelihood was derived as a recognized
result. Experimental results using the proposed procedure show the high accuracy rate to detect
adventitious sounds. The result showed that the validity of the proposal procedure and the knowl-
edge that the single state model is sufficient to develop the proposal procedure.

Key words : Maximum likelihood detection, Detecting abnormal sounds, Hidden Markov models

(HMMs), Acoustic signal processing
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Improvements of Accelerometer-Type
Stethoscopic Sensor Using Small
(bmm Diam.)

Microphone Cartridge

Fujihiko SAKAO (Residence : Hatsukaichi City)

Abstract

Further attempts were made to develop an accelerometer-type contact stethoscopic sensor using
an electret condenser microphone cartridge as the final output element. Emphasis was on the use of
cartridges smaller than so far. Tests were performed on slightly reformed structure and various
component materials. Analysis were made on the sensor characteristics as a mechanical system.
Based on both the considerations and experimental results, a prospect for a sensor, which is smaller
and yet as good as so far, has been obtained.

Key words : Accelerometer-Type Stethoscopic Sensor, Stethoscopic Sensor,

Contact-Type Stethoscopic Sensor, Microphon Cartridge
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Leukotriene Receptor Blocker Effect
for Bronchial Asthma Children
by Breath Sound Analysis

Chizu HABUKAWA

Department of Pediatrics

Minami Wakayama Medical Center, Wakayama, Japan
Katsumi MURAKAMI
Department of Pediatrics,
Kinki University School of Medicine, Osaka, Japan
Yukio NAGASAKA
Department of Respiratory Disease,
Sakai Hospital Kinki University of Medicine, Osaka, Japan

Abstract

We compared breath sound analysis with spirometry to effect leukotriene receptor blocker for
bronchial asthma children. The patients aged from 6 to 15 years whose classification were intermit-
tent or mild types. They were free from asthmatic symptoms for at least 2 weeks. We treated
leukotriene receptor blocker alone and analyzed breath sound and performed spairometry before
and after 1, 2, 4, 8 weeks. Breath sound was analyzed by LSA (Kenz Medico, Japan). The spirome-
try parameter such as PEF and V50 did not show a significant change during the treatment, but the
highest frequency inspiratory breath sound significant decreased from one week after(p<{0.001). We
conclude that the highest frequency inspiratory breath sound is a sign of small airway obstruction in
asthmatic children.

Key words : bronchial asthma, breath sound analysis, highest frugency inspiratory breath sound
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Evaluation of Various Parameters
in Snoring Measurements in Patients
with Sleep-disordered Breathing

Hiroshi NAKANO
Fukuoka National Hospital, Fukuoka, Japan
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