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ABSTRACT— In the era of computer management on clinical data, it is essential to establish new technique to
analyze auscultatory sounds that is capable to better understanding for both physicians and patient. In this paper, we
describe about visual-based recognition technique of breath sounds using two spectrograms created by short term
FFT and wavelet analyses. The changes of frequency, intensity and tone with time of breath sounds (twenty-one
specimens) could be shown by two kinds of spectrograms. Thus, abnormal breath sounds could be ssimply detected by
differences of those patterns. It would assist recognition of associated condition of disease. We expect to become a
diagnostic support system in near future.
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1. INTRODUCTION

Since the invention of the stethoscope by René leenauscultation became possible practical new adetf
bedside examination [1]. Auscultation is perforntedcexamine the circulatory, respiratory and gastestinal systems.
However, it is a subjective method that dependsquoite clinical experience, good listening skillsdaauditory
perception to differentiate sound patterns.

Breath sounds can be divided into two categoriesmal and abnormal (adventitious) sounds, accortingheir
acoustic characteristics as shown in table 1. Ababrsounds are divided into continuous and disnontis sounds
depend on their duration. Continuous sounds atéduisubdivided into wheezes and rhonchus. Diseoatis sounds
are similarly divided into fine crackle and coacsackle. In other words, abnormal breathing sognaldditional sounds
that are heard over normal breath sounds. Thusnéie task is to recognize those abnormal sounds.

On the other hand, the shared bands between ausbbleds and auscultatory sounds are very narrowl@amd
pressure with negative decibel as seen in Fighd tfacheal and vesicular sounds plotted are thRigo 3 and Fig. 8
respectively). Therefore, there are difficultiesafmpreciate abnormal breath sounds even with thkosisope because
the sensitivity of the human ear in detecting lofvequency and pressure of sound is relatively poberefore, it needs
special attention to changes in frequency and spuegkure with time. One of solutions is to makensiovisible.

Many newer imaging techniques for the evaluatiobrefth sounds have been tried. Kandaswamy etgirted [2]
on the classification of breath sounds using thiical neural network with wavelet transform ingix categories:
normal, wheeze, crackle, squawk, stridor, or rhasclstyliani A. et al. reported [3, 4] on the naelr analysis method
of wheezes using wavelet bicoherence, and desctimedonlinearities of wheezes with time. And thare many
reports on pattern recognition of wheeze classgB]jntegrated automated system for crackles retogri6], signal
analysis using FFT [7] and wavelet [8]. However, trafsthem are reports about mathematical procedudress it is
essential to prepare visual-based evidence of datmy sound from practical viewpoint. Hence, vaé proposed [9] a
visual based recognition technique of the hearindswising both short term fast FFT and waveletyaral and
demonstrated the validation of the procedures.

In the present paper, we report on visual-basedgrétion technique of breath sounds using two kimds
spectrograms created by short term FFT and wavedyses. The feasibility assessment was perfornset uwenty-
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one breath sounds of the textbook with CD [10]. Tésults showed that abnormal breath sounds caadognized by
image pattern recognition.

102 i«—— Audio frequency
gy 1] ¥
Table 1: Classification of breath sounds and g 10 ‘ 4
its acoustic characteristics e 1
o (~68dB) n
5 Lower houndary of
Normal sounds : 2 10 audible sound .
i) tracheal breath sounds iii) bronchovesicular breath sounds c 402
ii) bronchial breath sounds iv) vesicular breath sounds @ 8e8) - !
Abnormal (adventitious) sounds : € 1wl A Heart sound \4
+ continuous sound (longer than 0.25s) 2 (14a8) 0dB pressure \
-wheeze (over 400 Hz, with a musical tone, low ohkpitched ) e 104 R (0} -1
high /low frequency % (6dB) N 15 tracheal breath
-rhonchus (less 200 Hz) low: dry whistlelike noisesemble snoring £ os I vesicular b@r)oa th 80 . sounds =
= discontinuous sound (less than 0.25s) 3 1
'Crackle ('m) 1 1 1 1 1 1 1 |
fine crackle (=1000 Hz) high frequency : crepitation 10% 8 16 32 64 128 256 512 1024 2048 4096
coarse crackle ( <500 Hz) loitequency. bubbling rale (-46a8B) ) Frequency (Hz)
- other (miscellaneous sound) ) A A
pleural friction rub low: sound like walking on fresh snow Flgurel: A graph showmg freq uency bands of audible

and breath sounds; note very low sound pressute wit
negative decibel. The curves (1 and 2) were pldited
referring the literature [10].

2. METHOD AND SPECIMENS

The organs of the respiratory system consist ofitveay (nose, pharynx, larynx, trachea, and braidhbe) and the
lungs. With breathing, air flows in and out of tlespiratory tree. It produces complicated variatibrir velocity that
induces laminar and/or turbulent flows and vibnasion the airway walls by location. Furthermoreedised respiratory
tissue, mucus, or pus can produce abnormal sowmts as rales (rhonchus) and a whistling sound (gihge As a
result, it appears changes in frequency, interfsijt, loud), and continuous (wheeze) or discormtrsu(crackle) sounds.
In this report, two techniques were used to shoeespgram: short-term Fast Fourier transform withaassian window
and continuous wavelet transform (CWT) with a cawpMorlet function. Those are powerful tools to lgra time-
frequency characteristics, which is the same tegtmapplied to the heart sounds [9].

2.1 Visualization of breath sounds by applying short-time Fourier transform and wavel et analyses

STFFT (Short-Term Fast Fourier Transform) Analysis

The Fourier transform is computed as a fixed-lemgtidow slides along the time axis, resulting ima-+dimensional
representation of the signal. Thus, it has a fixesblution; the width of the windowing function rieda to how long the
signal is represented by spectrum. A wide windowegligood frequency resolution but poor time resmutwhile a
narrow window gives good time resolution but pooggfiency resolution. To analyze overall trend withe of
oscillating phenomenon, this is better technique &nalysis condition of breath sounds is showhaiole 2: in case of
the heart sound [9] was also shown.

CWT (Continuous Wavelet Transform) Analysis
To analyze the specific frequency of breath soumdgietail, we applied CWT analysis. In general, vetve

transformation has the ability to simultaneousbrify the spectral and temporal information witkte signal [11]. This
method overcomes the basic shortcoming of Fourialyais, which is that the Fourier spectrum corstainly globally
averaged information, which leads to location-sfiedeatures in the signal being lost. If the scplameter of the
mother wavelet function is constant, it gives thene analysis window width for all frequencies. Raalyzing breath
sounds, a small window width is needed in with wideds. Then, the complex Morlet function [11, &8H a scaling
parameter are applied. The relationship betweefrélggiency ) and the center frequendy] is given by

F=AF./ a,, - (1)
whereA is the sampling frequenc¥, is the center frequency, and the scaling paran&tés given by a numerical
sequence,

an=artkn(n-1), - (2)
wherek is arbitrary constant andis time of scaling. The value allows detail anelyet higher frequency bands than for
integer values oé,. Figure 2 shows the relation between frequencythadcales, (a; =5, k= 0.0014 ana=100) for
the breath sounds.
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Table 2: Calculation conditions of STFFT and

2000 YT — T T T
wavelet analyses for breath sounds B Viualize P B A ]
Breath sound | Heartsound [{] with wavelet analysis ay=a ko) ]
E 1500 177 Breath sound: A : sampling frequency= 10kHz
Mother wavelet Complex MorlgComplex Morle : K| iy boiiron . o S,
wavelets wavelets 1000 [\ 4=5k=0014n=1~100 ]
Q LY\ thus, a, =5~144 7}
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pling freq w % - i “5 Heart sound: h
Time of scaling, an :,a&5 5-144 5-150 = 7 F N T ]
(n=1 - 100) (n=1-121) X ]
(G ZE e
Arbitrary constant, k 0.014 0.01 0 144151
20 40 60 80 100 120 140 160
Analyzed frequency, Hz 70 - 2000 33~1000 Scale, 4,
Figure 2: The relationship between frequendy )

and scale ain Eqg. 1: a=5,k=0.014 and +100.

2.2 Specimens

Normal breath sounds are classified as tracheahchial, bronchovesicular, and vesicular soundsséing on
location of auscultation. While there are many fypédiseases of the respiratory system such aspor@a, pulmonary
edema (PE), pleuritis sicca, bronchial asthma (BAJl @0 on. Therefore, breath sounds induced by shseae
complicated. To demonstrate the audio-visual basedgnition technique proposed here, twenty-oneisges were
guoted from the compact disc (CD) of the textbod®][as shown in the table 3 and 4: the diagnosedltrand its
comment were partly quoted in the discussion. énréport, two categories were divided as follows:

A: tracheal and bronchoalveolar breath sounds, fivespecimens ofD and @

@ tracheal breath sounds
@ vesicular breath sounds
@ bronchoalveolar breath sound

Table 3: Tracheal and bronchoalveolar breath sounds quatedtiie CD [10].

No Associatamhditions Remarks
1 Normal tracheal breath sounds Fig. 3
2 Normal bronchovesicular breath sounds Fig. 4
3 Bronchial stenosis, low-frequency continuous sisun Fig. 5
4 Bronchial asthma, low-frequency continuous sounds Fig. 6
5 Bronchial asthma, low-frequency continuous soysgdatum retention) Fig. 7

B: vesicular breath sounds, sixteen specimens @ vesicular breath sounds

Table 4: Vesicular breath sounds quoted from the CD [10].

No Associated conditions Remarks
1 Normal vesicular breath sounds Fig. 8
2 Mild pulmonary fibrosis, fine discontinuous sounds Fig. 9
3 Pulmonary fibrosis, fine discontinuous sounds Fig. 10
4 Hypersensitivity pneumonitis, fine discontinuousiisds (recorded during slow breath)| Fig. 11
5 Chronic articular rheumatism, fine discontinuousrsds Fig. 12
6 Early stage heart failure (recorded during deepthieg), fine discontinuous sounds Fig. 13
7 Bronchiectasis (secretions in the airway), coarseoitinuous sounds Fig. 14
8 Bronchiectasis, coarse discontinuous sounds Fig. 15
9 Mild pneumonia, coarse discontinuous sounds Fig. 16

10 Lobar pneumonia, coarse discontinuous sounds Fig. 17
11 Acute pulmonary edema, coarse discontinuous sounds Fig. 18
12 Bronchial asthma, high tone continuous sounds Fig. 19
13 Bronchial stenosis, high tone continuous soundge&bs monophonic Fig. 20
14 Sinobronchial (SB) syndrome, discontinuous andinaptis sounds Fig. 21
15 Bronchiectasis (BE) with squawk Fig. 22
16 Pleuritis sicca and dry pleurisy, pleural rub saifghowball crepitation) Fig. 23
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3. RESULTS AND DISCUSSION

A: tracheal and bronchoalveolar breath sounds

1) Normal tracheal breath sounds
Figure 3 shows normal breath sounds of a healthsope a) waveform of sound, b) spectrogram by ST, ¢)
spectrogram by wavelet transform. In the preseponte the STFFT image shows whole frequency-timectspgram,
and wavelet shows spectrogram of 70~250Hz as bleipattern and it is on the nonlinear scale.
At first glance, it might seem an abnormal breath
sound. However, the result indicates the existaice
carotid pulse (70~150Hz with interval ©8.9 second) SV
because the stethoscope was put at the trachea wher )
is near cervical artery. Repeated images of thetidar
pulse were formed of slim and vertically long shape
as seen in the Fig 3 (c). The carotid pulse was show Spectrogram
by symbol “CP” and arrow in the figure. Therefore,

inspiration >j<— expiration —>|  CP:Carotid Pulse
05 : ; : T : : :

by ignoring the carotid pulse wave, it can be STbF)FT
understood that normal tracheal breath soundeé cl
and soft sound like air is being blown through gepi ooy T
In brief, it would be a strong tool that both of spectrogram ==
STFFT and wavelet analyses are useful for idemigfyi b
unrecognized sound(s). Wa‘é)e'et
2) Normal bronchovesicular breath sounds T 0
Figure 4 shows normabreath sounds at the )
posterior chest between the scapulae and in thtercen Figure 3: Normal tracheal breath sounds
part of the anterior chest. The time of betweenrdyri inspiration | expiration - HS: Heart Sound
inspiration and expiration is nearly equal. Andhas Waveform 52 id-intensityland -frequency :
middle intensity and low frequency about 200Hz. a) ?EM‘W WMMWMMWMWMWMWW
Now, we give an eye to slim and vertically long b7

e HS bs
05 15

shaped spectrogram in the Fig. 4 (c), then perithdic
heart sound (HS) can be found; symbol “HS” and
arrows are shown in Fig. 4 (a). By applying thehbot
STFFT and wavelet methods, It helps to have a short
path through for recognizing a plurality of sound
sources.

Spechogram::
y
3) Bronchial stenosis, low-frequency continuous Wavelet = &
stenos o - L —
Figure 5 shows sound of a bronchial stenosis vTo s —r—
patient. The stenosis is a disease that causesedyva ‘ ‘ '
of failure in cavity some of the bronchial becomes Figure 4Normal bronchovesicular breath sounds

narrower than usual. It is known that sounds are
continuous monophonic rhonchus [10]. Therefore, the
wavelet image shows unique shape and longwaveform o ‘
expiration time with frequency of about 200 Hz as & - ~monophonicrhoncs
shown in Fig. 5 c). § oA ——

6l -="long expiration == 1
i , ; ; | |

— |nsp|rat|on —>|<— expiration -

IS
-
&

o 1 5 5
Spectrogram Time (sec)

4) Bronchial asthma, low-frequency continuous sound £
Figure 6 shows sound of a bronchial asthma patient. g1 f* % 1K+
A symptom of the disease is that bronchi become ) ] = =
narrower, shortness of breath and wheezy sound from e
the small bronchial tubes when breathing. The result O — n
shows moderate polyphonic rhonchus during the Specg';gfami
phase of inspiration and low intensity rhonchusreyr .
the phase of expiration. And the wavelet image show Wa‘c’)e'Et -
typical rhonchus by obvious distribution map of the

MIN TO MAX (dB) H H I

disease. It is obvious that difference between STFF ® °
and wavelet images. Thus, the importance of utijzi Figure 5:Bronchial stenosis, low-frequency
the both figures is clear. continuous sounds
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5) Bronchial asthma, low-frequency continuous tspuretention)

Figure 7 shows sound of a bronchial asthma withuspuetention patient. The result of the sound shpelgphonic
and intense rhonchus of 70~200 Hz. The wavelet @msitpws clear variations of frequency during theapé of
inspiration and expiration. It is easy to underdttdran the STFFT image.

" inspiration >}« expiration | — inspiration _>!<- explranon 1—>%
8 : - : ! - ‘
Waveform 9 oor polyphonic rhonichus . Waveform o= rhonchus
a) 2 ozt . moderate ] o o

8o * Tapie ;  — a) oep

S04t Low-intensity- rhonchus 1 Zoof :
p i i i i i ; i ] S polyphonic
408] 05 1 15 2 3 35 4 4] =, 5] 1 Il I

25
Time (sec)

Spectrogram
by

STFFT

500

Spectrogram
by

Wavelet .
c)

MINTO MAX (dB) I I I

Figure 6: Bronchial asthma, low-frequency
continuous sounds

MINTO MaX (dE)

Figure 7: Bronchial asthma, low-frequency
continuous sounds (sputurerrion)

B: vesicular breath sounds

1) Normal vesicular breath sounds

Figure 8 shows a normal breath sounds. The sounsstow-pitched quality with high intensity abo@0Hz during
the phase of inspiration and shows softer sounthgliihe phase of expiration. In Fig. 1, the frequedifferences
between this vesicular breath sound and the brahsbund (Fig.3) are shown; the peak frequencywof $ounds is
about 180 Hz (monophonic sound) and 100~500Hzt(faterg sound) respectively. The normal vesicultaath is soft
and whisper sounds than others.

2) Mild pulmonary fibrosis, fine discontinuous saisn

Figure 9 shows sound of a mild pulmonary fibrosasignt. Sign and symptom of the disease are ragsgination
(tachypnea) with respiratory cycle of about 1.6d discontinuous sounds. It is observed intense diaekles during
latter half of the inspiration and then coarse kleduring the phase of expiration. The charastiershape of crackle
sounds is slim and vertically long shape that fezgpy range is about 1000 Hz and moderate 600~180sH$een in the
STFFT and wavelet images; color distribution shomterisity of the soundThus, it will be easy to differentiate fine
crackle or other sounds from viewpoint of the frecy range and its repeat variation.

inspiration .>|<. expiration
Waveform o . e , .
06

a)

inspiration >J< explratlon
o4 [fine cn‘ackl s ! !
4

Waveform
a)

Spectrogram Spectrogram
by by
STFFT STFFT
b) b)
S| Spectrogram
pectrogram
by by .
Wavelet .. ¢ «

Wavelet

©)

¢ = ML

MINTO MAX (dE) T T I I

MINTO MAX (dB)

Figure 8: Normal vesicular breath sounds Figure 9Mild pulmonary fibrosis, fine discontinuous

sourds
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Figure 10 shows sound of a pulmonary fibrosis patigign is rapid respiration due to difficult btt@iag; respiratory
cycle of about 1.7s. It is observed intense fireckle with about 1k Hz during the phase of inspragnd no crackle

during the phase of expiration.

4) Hypersensitivity pneumonitis, fine discontinu@minds (sound recorded during slow breath)

Figure 11 shows the sound recorded during slowtlhiregaof a hypersensitivity pneumonitis patientisilknown that
the disease most often occurs in people who wotik@in places with high levels of dust. Many fioeackles (crepitant
rale) with moderate intensity during the phasenspiration and discontinuous soft sounds duringptiese of expiration

can be clearly seen in the STFFT and wavelet images.

|nsp|rat|0g explratlon
Waveform l : . |
o:[fine crackles

a s Ur

) 3 %L ) Ll
$ozr : : R
2gql =17s. . =1.7s
o 25

Spectrogram
by

STFFT
b)

MINTO MAX (dE)

Spectrogram
by @

157
© 50

Wavelet .5 2|
C) sz 120

1490

MINTO M#x (dB)

— inspiration —]< expiration
Waveform P P

a)

— ,
fine crackles i i ]

Spectrogram ° T

by 0

STFFT
b)

Spectrogram
by %0

o

Wavelet =&

0

c) aare

MINTO MAX (dE)

Figure10: Pulmonary fibrosis, fine discontinuous sounds Figurell: Hypersensitivity pneumonitis, fine

5) Chronic articular rheumatism, fine discontinugosinds

discontinuous souis (recordecdurinaslow breatina)

Figure 12 shows sound of a chronic articular rheaismapatient. Very intense fine crackles during giease of
inspiration and discontinuous soft sounds durirgpthase of expiration can be clearly seen in thedi

6) Early stage heart failure (recorded during deepthing), fine discontinuous sounds

Figure 13 shows sound of early stage heart failasked repeat deep breath). The sounds includecfatkle also
with low-frequency during the phrase of inspiratitmcase of fine crackle induced by elevated ldgse is a possibility
of position-induced sound that suggest diseasetefpial heart failure and pulmonary congestiori.[13

- inspiration —>|<— expiration -
Waveform o

o intense fine crackles

a) ~ 04k

Spectrogram sy,

T

MINTO MAX (d3)

Figure12: Chronic articular rheumatism,
fine discontinuous sounds

Asian Online Journalsaiww.ajouronline.com

— inspiration —)Ie expiration -
fine tracklés. - ! ! !

Waveform
a)

Spectrogram
by 18

STFFT

Spectrogram”
by .
5% 90|

Wavelet "
C) w120
0

MINTO MAX (dB)
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7) Bronchiectasis (secretions in the airway), e@aiscontinuous sounds
Figure 14 shows sound of a bronchiectasis (seafio the airway) patient. Many coarse crackles thed fewer
crackles due to secretions remained in the airwageen. Frequency of the coarse crackle is als@uH2.

8) Bronchiectasis, coarse discontinuous sounds

Figure 15 shows sound of a bronchiectasis patiesan be seen that many coarse crackles and #veer fcrackle
during the phrase of inspiration and the phrasexpfration, respectively. The coarse crackles isbbng sound due to
bronchiectasis [10]. It can be seen discontinualmbling sound (coarse crackles) due to bronchieciiashe figures.

- inspiration —>|e expiration - |

— inspiration —>|e expiration - |

Waveform - ‘ — ‘ ‘ Waveform Eg coarse crackles ™ fewer brackles| ! ]
a) 0 | fine + coarse crackles ﬂ l 1 a) s R T ]
A p H’l( WA PO . } TR B i D o L et WWW
+ + t i SR ; ; ]
LRl L ~ “ LIRS Sof : ]
2 I i I I L L % 05 w‘ 15 7‘ z‘= N g 3‘5 ‘\ 4‘5
SPechogram "o [ i 5 2 5 9 a5 3 5 Spectiogram o Time (sed)
b 1
fine coarse Y
< £ STFFT
b)

by Spectrogram il !
by w I| i U
Waz)e B Wavelet ." !
C) [ } 05
MIN TO MAX (dB) — — n MINTO MAX (dB) . o —"‘o 7\] 1’5 0
Figurel4: Bronchiectasis (secretions in the airway), _ _ _ _
coarse discontinuous sounds Figure 15: Bronchiectasis, coarse discontinuous sounds

9) Mild pneumonia, coarse discontinuous sounds
Figure 16 shows sound of a mild pneumonia patiemme single crackle with mostly low and partly hfggguencies

can be seen due to mild pneumonia. There is norfeatuhe distribution of low-frequency sound asrs@n the wavelet
image.

10) Lobar pneumonia, coarse discontinuous sounds
Figure 17 shows sound of a lobar pneumonia patikman be seen that both intense fine and caaeskles during

the phase of inspiration and expiration. As seghérfigure, the visual based recognition technigueseful for in case
of complicated sounds.

Waveform inspiration >« expiration - | — inspiration —>|<— expiration -
a) ok some single crackles 1 Waveform
SR N .L | l it ] a)
20 LA 1 [ et 1

fine crackles 4

Lo CORISE Crackles g fb g oo .
oy f 1 e

Spectrogram
by
STFFT
b)

05

MINTO MAX (68)

Spectrogram ™
-
by

0

Spectrogram’” 2
by 40

167 z 60
125? 80
Wavelet . i
C) L 20

Wavelet .. .
c) Bz

MINTO MAX (68) MIN TO MAX (dB)

Figure 16: Mild pneumonia, coarse discontinuous Figurel?: Lobar pneumonia, coarse discontinuous
sounds sounds

11) Acute pulmonary edema, coarse discontinuousdsou
Figure 18 shows sound of an acute pulmonary ededienp. Typical intense coarse crackles can be daeng the
phase of inspiration and expiration. The frequetiisjribution of coarse crackles can be seen imgneelet image.
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12) Bronchial asthma, high tone continuous sounds
Figure 19 shows sound of a bronchial asthaigemt. High-pitched tone continuous and intenswends during last
half of the phase of expiration are appeared. Téguiency is about 380 Hz, near wheezing sound.

—y inspiration —)Ie expiration -

inspiration —>|<— expiratioR——— | | : | |
‘ T near wheeze -

Waveform = o5
a) < 04
0.

Waveform

coarse crackles'

Spectrogram
by
E 1488
STFFT 2] §§§
b) g 500
@ 400
200
Spectrogram ., ”
by = 4

1w 0 80

Wavelet =} -

MINTO MaX (d2) I I I Sl T I i | oy

Figure 18: Acute pulmonary edema, coarse Figure 19: Bronchial asthma, high tone discontinuous

13) Bronchial stenosis, high tone continuous soumdseezes monophonic

Figure 20 shows sound of a bronchial stenpai®nt including wheezes monophonic. It appesaskies and long-
time monophonic continuous sounds (wheeze) abodlit-&0can be seen during the phase of expiratioseam in the
STFFT image.

14) Sinobronchial (SB) syndrome, discontinuous @mttinuous sounds

Figure 21 shows sound of a sinobronchitis syndrpatent. It appears intense fine crackles and adhekiring the
phase of inspiration, and fine, coarse cracklespatygbhonic continuous during the phase of expiratiSpectrogram of
wheeze is shown as typical stripe images in theFSTand wavelet results.

Waveform— inspiration —|< expiration
08

— inspiration —|< expiration - )
! a

Waveform Sor
a) o 04

long-time-monophonic Sound’ 1

! : , i . . : . .
wheeze fine +.coarse crackles j
S~ e %

polyphonic continuous sounds

| ! |
“crackles

crackles

! ] Spectrogram
by

STFFT

25 |
Time (sec)

by

Spectrogram ::
by O
Wavelet
0 s

MIN TO MAX (d8) a I I T MINTO MAX (dE) I - I

Figure 20: Bronchial stenosis, high tone continuous Figure 21: Sinobronchial (SB) syndrome, discontinuous
sounds, wheezes monophonic and contis sounds

15) Bronchiectasis (BE) with squawk

Figure 22 shows sound of a bronchiectatic patié appears monophonic or polyphonic squawk @zie¢ with both
low and high frequency sounds after discontinumerse crackles [10]. The STFFT image allows recagmitif these
sorts of sounds clearly.

16) Pleuritis sicca and dry pleurisy, pleural rolirsd (snowball crepitation)

Figure 23 shows sound of pleuritis sicca and deursy patient. It appears typical sound occurngdubbing of the
parietal pleura, intense crepitation (low and higgguencies) during inspiration and discontinuoosnsis (about 250
Hz) during expiration. Associated conditions areupitis, pneumonia, and pulmonary embolism.
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Figure 22: Bronchiectasis (BE) with squawk

|
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C: A characteristic classification of breath sounds
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— inspiration —)|e expiration -
g T T T T

Waveform o[ crepitation _discontinudus sounds T
a 3 e . ]

) " oo -

3+ fine'+ coarse,- crackles q

80Q&300Hz | =250Hz ] i i i
i : 3 3 g

o 05

25
Tim (sec)

Spectrogram.,
by w o g

v § a0

MIN TO MAX (dB) I I H
-50 40 -30 -20 -10 0

Figure 23: Pleuritis sicca and dry pleurisy, pleural rub
sounts (snowball crepitatiot

As seen in the figures mentioned above, auscujtdti@ath sounds are very complicated. Figure 24vshhbe typical
characteristic of abnormal sounds classified adogrtb image pattern. It was selected from the piewt of acoustic
properties shown in Table 1. These image pattertisbecome useful evidence for both physicians aatlepts.
Therefore, we are able to classify different kinflkiog diseases by referring these patterns.

wheeze rhonchus crepitation crackle
fine coarse
— inspiration —|— exp — inspiration HIH expirat| |- inspiration H|E expiration - — inspiration _,[_ inspiration _.I_ expiration—
: ! o crepitatjon ' discontinuous sq e orackias ! ?j coarse crackles'

rhonchus

%

_ 04 I wheeze
¢ intense fine crackles
0 o5 1 s

wheeze

kHz intense coarse crackles

HINTO MAX (68)

MINTO MAX (d8)

MINTO MAX (48)

high polyphonic pleural rub higher lower
1000, 800, 600 Hz 70~200 Hz 300, 800 Hz 21000 Hz <500 Hz
Fig. 21 Fig. 7 Fig. 23 Fig.11 Fig. 18

Figure 24: Typical characteristic classification of abnormealinds as image pattern recognition

4. CONCLUEDING REMARKS

Since there are various difficulties associatechvétiscultation, we proposed an audio-visual basedgnition
method to assist in the evaluation of breath sauAdfeasibility assessment was performed using tywene breath
sounds recorded in a CD of the textbook [10]. #usmmarized as follows:

1) Two types of images created by Fourier and wawaelalyses give a strong tool to recognize causebmormal
sounds. In the report, STFFT image showed globgufacy band and wavelet image showed specific émgyuof the
sounds between 70~2000 Hz on a nonlinear scaleisétsle image of the distribution, frequencies @250 Hz are
clearly shown. That is, we can focus on low freqydrend depending upon the coefficients of Table 2.

2) Using the both spectrogram images of STFFT andelsq it assists to detect differences and cliassibn of
breath sounds such as wheeze, rhonchus, crepjtatamkle and so on.

3) It may be able to develop a detection sysbex®ed on the image pattern recognition. It willisis® diagnose

associated condition of disease.
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