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Abstract

Lung auscultation is a simple, non-invasive and indispensable
physical diagnosis of respiratory disease. Abnormal lung sounds are usually
relevant to the airway condition of the patients. However, it is difficult to
monitor the lung sounds of the patients for a long period of time. It is often
necessary and helpful for those who are bedridden, especially in ICU and
RCC. The present study developed an acquisition system computer-aided of
lung sounds to offer a comparatively objective and effective lung sounds
analytic system. This system consist two components: a data collecting
hardware and a digital post-processing hardware. The formation compasses a
microphone, an amplifier, a filter circuit, an ECG circuit, and a pressure
sensor air flow. In this circuit, a 16-bit A/D converter applied to condition
the input data. Regarding the digital signal processing, this study used a new
windowing analysis base on time-domain or ICA method to separate the raw
data comprising heart and lung sounds into two independent signals.
Windowing analysis based on time-domain effectively separated the heart
and lung sounds with the ECG and air flow signals as references. For the
ICA method, a statistic model was adapted to find the main component of
lung sounds from the three channels of physiological sounds.

Three healthy males (mean age 25 years) were selected to verify the
developed system. The results showed that the windowing method
successfully detected and extracted the heart sounds and lung sounds
separately. However, the ICA analyses could not separate the signals of heart
sounds and lungs sound effectively. This might be due to thorax resonance
and insufficient channels of physiological sounds for the ICA analysis. In the
clinical experiment, a 62-year-old, chronic obstruction pulmonary disease
(COPD) male patient and supports of mechanical ventilator over a long
period of time, was examinated with this system. To compensate the
ventilator dependence, the air flow signals were alternatively measured from
the ventilator. In addition, Hilbert transform was employed to determine the
period of lung sounds. The clinical results showed the windowing method
could attenuate interference from the heart sounds and enhance the lung
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sounds. Furthermore, combination with Hilbert transform is an efficient
approach to determine the breathing period for long-term monitoring
ventilated patients. The study suggests that this system is valid for objective
measurement of lung sounds, regardless of patients without or with
ventilator support. One of future application of the patients is anticipated to
combine real-time monitor and diagnosis for patients with respiratory

diseases.

Key point: lung auscultation, Computer-aided lung sound acquisition system,

ICA algorithm, Hilbert transform
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K '?’f—'r‘(/ﬁ—%? +rz ¥ f’f'f'} ’ 52' ¢oarig * [CA /?ﬁh-ﬁ ma",@_/mﬁ_‘f_‘:’ v RO

MEELIFE P g (F o
BEQ I ICA $* 2B 800 G At B > st L 2 g ere 7 R 1L s

asViven 25 3F 5 o 4od B (kurtosis) &% £ (entropy ) 3 H & 0 A

My R SR AR 3 A+ § (Helsinki University of Technology )
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ICA #=3]2 »+g B d %k FastICA © #7i¢ * e f % (negentropy) &
g A G e- A% [1415]« W EAA ARA 0 L4 7
PEAPR BT UL 5 5 ARG AR R 2T B
e APHE TS AR BR- TR M BERBIE > A B A
{P1 ~P2..PM} - PIH 2 a2 p] 5 5% 2-8

ETINS

H(p,,Pywe Pu) =2 Pilog p, (2-8)
PREEMA VA S E 0 LT AN 23433 e Rl 4

;¢ 2.35%75% o
H(y)=—-]p(y)log p(y)dy (2-9)

He y g oply) 2 ERRAT -

%ijsﬁﬂﬁhﬁﬁﬁgiéﬁ%ﬁ%@ga%{ﬁ%%ﬂﬁ$&%

7N\
=
9]
(0)=}
o)
=
=
Q
o
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—
—
RS
Pt
Sow
%
F_k
'S
\ ™
<k
et
_r
=
|k
=
-}
>m
TR
)
e
o
Ty
_\"
N
(‘r«}
S

dr T
JW)=H(YW$)—H(W (2-10)
B Yogauss 5y EF 0k B Lo T%&’aF%HQ%%{,
Fi* gLy (FH P RSk
ERER BN RS FLT RAA TG E R RAR
R A B 2 g 2rp| B e it FastICA ¢ @ % 4o3% 2-11%77F e
P Sk B2 R F AW RPEET 2 2T EREHDH S L DR
RGBT R B e
J(y) < [E{G,(y)} - E{G,(v)}]" (2-11)

|~
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sk G ﬁﬂgﬁ‘i‘ﬁ??:ﬂfﬂ °
AP MR hf R EY 8 S B TAeT N 2-12

G,(y) = tanh( y) ~ G,(y)=yexp(-u’/2) (2-12)

ﬁs?éﬁfﬁigﬂ— BBz apr s W SRgit  mye g2
#g @p X2 (fixed point iteration method ) ® it {7 { 37> H & ¥ L #7 % ¥cde
T
W, =W, + AW

- E{YG , (W, y)} - E{G,(W/ y}W, (2-13)

Bl22% Fwie* Fast ICA 2 /n4% > B]2.3 5 Fast ICA &JZiE4z 7
B R LT B RI23(@ R FLAREAE S LRGSR
B2 b s s % as 52 B B (histogram) o 7 LGEMELE
Boihds (T hoinA2B)2.22 (a) c B EF W HWMEL (T Lende (T b3 P g i
L) ic f’rfjﬁ,{.ﬁﬁxﬁ MELAEM 2 Fce £ o Ut kP A TR A e R
T PCA 8E ; ¢ it i f24cB2.2(b) 0 & 2B i e & 4o B]2.3 (b)#f

7T °
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Read files (@)

Normalization data @)

Calculating Principal Component Analysis (PCA)

Find EVD (eigenvalue decomposition ) (b)
We need the results of PCA for whitening

Whitening the data
(b)
Check to see if the whitening is needed...
.
Calculating Independent Component Analysis (ICA ) ©
C
Fixed Point Iteration Method

Saving and Display

B 22 ICA a7t 5 /iA2H]
AELE Y Zd b enp g EF FR EHAEE X P b S 8 iR
5 (magnitude) # Flit BT & » @ ¥ hivi2 L L& L2 24 %>
ol RIEEpE A AR & fre{;;zkzgq; L EE koo
Flt T iﬁh{ﬁw e anTA X o TS Y U 2
AR R F RO AT - A ARG BT X e s
# o 4e@]2.3(c)(d) -
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SIGNALS JOINT DENSITY

—
ML s

Input signals and density

g
.

(@)

| |
oMo ;o th O

-

SIGNALS JOINT DENSITY

Pttty | e
e i I °

™

Whitened signals and density

SIGNALS JOINT DENSITY

oA A AR ©

Separated signals after 1 step of FastICA

SIGNALS JOINT DENSITY

L

(d)

F

Separated signals after 5 steps of FastlCA

B123 ICA AUTLEAE? » & 2082 St g5 M 4[16]

B ke g AR 21102412 4 R R R AT 0 S
Sl N 2 13eh2 A dp N2k ) FOR S L ATEHAEL SR T S eh

£
Bkl s Bt o i A BE A 3R F b A0 deB2.3(d)FrT o
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P AL BRALE - B RREE N FE A G
LAV 0 R E - B Fancg s A S B FE R ALY
M- B AR ehd ApaE Wo B3 % - B3 AP EE W jtar
@#%¥?ET—%’ﬁﬂ%ﬁmwiﬁaiww%@W&%ﬁﬁiﬁ
sk o i5fd 2 2 A - - 4 473 5 2 (deflationary orthogonalization) ; ICA
® - ¥ - 4~ 47 & ;% (deflationary orthogonalization) £ ¥ 12 & = 4, B #

1. & T 35iE (Center data) °

2. © {b Jdei 5B et enge i (whiten) o

3. EXRBEFFV B AL BEms PR TPEEp L 1o

4. F XL WpA~de B > G4 * 5Bk Lo

5.3 52 4 EEW « E{ZZgWTZ)}-E{gWTZ)}W -

6 LE%%W@&QM”’%%@ﬁ%iﬁo

W, =W, Z(\NTW W,

7. EAHRIW, w«wqwu

8. FW, R jcar BrwHIS -

9. p=p+l; Fp 3 EN m> REF ABHF MBI ERA > T
BrE A A Fpaotmo Bl AP E 2T ol fpkEtw o B
RiEE o

SR RS PR W 2 R B AU TR > L BB &

L 30 E e b 2 (8T KB R ELAEE S Ap B R AR B Ao Bl Ao o
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Data Centering

A 4

Whitening

A 4
Choose m, No. of ICs to
estimate,

Set counter p=1

A 4
Choose an initial

A 4

guess of unit norm
for w,,, eg. randomly

A 4

A 4

W, « E{ZgW, Z)}—E{gW, Z)}W,

h 4

p-1
:
W, « W, = (W W)W,

j=1

A 4

W, =W, /"Wp"

Wp

Converged?

p« p+1

p<m

End

Bl 2.4 5 B A 7E 2 ALE

18



£ 3 W3R Rx

RAT G G P S 5 4 B P 1 B ECG B RIT B
fof MEBBIEERE o 3 BHEF#HPFEET* LTICA 247> ECG 5L *
KWRleFHFApFEEL B d R L P70 NG W F P

WR o FRBRIER LR kR gk 0 A BB IR F foet 5
SGRD Y o NS BRI IS B AR BodwE R A
FHfg o RS B AL RF LB FRRS B B e
g b fITRYRAL “ﬁici*é%%%%iﬁﬁwﬁﬁi’
LR FNF by S B g Bk ts o £ 9
National Instruments 57 A/D Card £ B2 5.3 7 "7 d LabVIEW B = i

v X 4G ETEEAT RS RS 0 £ 54 Matlab (F30BA 15 2 B A
B 3-1 5 80 5 R Rk ek -
£ME A#ES
@ EE A B4R EHRAE
BCG ’ :
Lism K il
T ES
& | RAE BERAE

l

s A -~
Laby [EW
AR R o4
Matlab

3.0 %5 B ip) ka2 W
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B s SAME o - A 3ne o AP AT
3-1 HMWHH
ho @) 3-2 47 o rL R RN E sk gk B A g R = 3N B B

CRFSNE R ST RIT R RS R RE

(c) 2ME_FEP~ % 2o 10kHz per channel 1P~k & ~ 16 bit enfZ47 &

TR R

EEAR B

\g
J/8

N
8

<

IR %oﬁ B % %

Fﬁ] 32 HE ﬁjb‘: ﬂf-/n %ir‘]
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32-1 TEINFRRTE

FIRLEBEEFNAREREINTFNF b A7 U@L T I R
e s 2 R B33 T A NEAR ZHIY ENE RS ] b 0T
Aip g A B(L-61C) s RIE BlAc £ 3-1 > v e &> v AR
% i£-50Db > @ # SNR v § > 40dB 12+ o} iE o] 3-4 407 0 BB
TENE R R 3.4 A T AMAEINS hgHF I % o

M icrophone

B33 RESFh TRE

. 3-1 TENERRRL

Sensitivity 0 dB=1v/Pa, 1 kHz
Directivity Omni-directional
Operation Voltage 3.0V
Output Impedance Less than 2.2K
Current Consumption 0.5 mA
S/N ratio 60 dB?
Weight 0.18 g
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+20

+10

-10

Relstive Response (dB)
=]

20 s 100 200 500 1000 2000 5000 10000 20000

Fraquancy (Hz)

B34 TENELREF SRR

3-2-2 i PR T

B?’?"»“id @_\,; %m%;;—:,uﬁ“ﬁ;\}% I&giﬁfzﬁ’%‘ﬁ&ﬁ/}i@é

T HHLE L AB MV T AR F L 140 Bt ek §
B> F1$ 5 b ch A 5 20k Hzo #7022+ B i 3 o 3K 3+ & 20k Hz
PG R Bap o s Bl 3 MR S (1200 Hz) > B B A
B A 2 (25 He) » % fkssft 0 - i F 4% 5 00 3000 Hz -
AR - A F A3 30~3k Hz ~ 2~ B F 5 161 o il jgid
A TR (B35 sl aidd - aFidmRe a2 §- &
A B F L 23~ 5 23.37~20.46k Hz 5 § = mamc A W F A T4
¥ % 1631~293k Hz o H 47 & F4cB 3.6 “757 » H ¥ ad R 5 % - Bk

Sk TR F R bW R F s g I ERR e EB R
i gL —,‘:‘K)@
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BW : 31.067~2.9269k Hz

Gain : 161

O 2% BOGLO[VI0OT SV ({)OTL)) € 20" BOZL0(¥{0CT)/T(Im)

T L] L LG L -

----.---.I.---.----- ------.-I------.
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B L DLy e e L Ll e L] DL LT T S N Ll
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3-2-3 T WA 2 RATE

;wfﬁ] ok e AL B s AP Bk 210 BB F
o B e gl T B #H0.16~100H2) 17 #h chje st s £ 5 2LE fpoc
X Rark 10 B TR B 3.7 WL L SAPT RS B RE 0 B

3.8 5 kAT B > B39 5 AAHEF R -

Differential . 1-Order . ! -Order. Non-inverting
. High-Pass Filter Low-Pass Filter .
Electrodes Amplifier Amplifier
(gain = 210) (cut-off frequency (cut-off frequency (gain = 10)
& =0.16 Hz) = 106 Hz) &

Bl 3.7 <SRBT 2 gk TE D HIAERE

R3

10k

R
100K VEE
VEE @ . ugB
- TLOA2
5 . U2a 7
R2 TLOE2 i o
T ou Il =
1u i
3 R
+N + 1mey  evCo
N 3 U1A =VEC
- * TLD2 R4 R11
100K
ay "
GHMD = e 10k
2 _ v
WOUT <y SUEE
R
10K
R10
M
YVEE Tk vee
2 Uza VEE .
TLOA2 RY vl —=— V1
i G . usB K
R ou Ay - TLOG2
100
iy ot Svde = vd
gk L o 5 —
D220 OVCC h — 4
0.22u
¥l VEE

B 3.8 <R EH AR g TEF

24



W

B4R
R R
M . P Pl g
m P P Pl
T [UR S SETEUE SR SR SEC S PR SN B SR S
m F R P11 I S
Pl P m Pl m
Pl SRR
Pl e W Pl 3
semempamedueent g==md spresfusashensiunen m
Pl Pl Ny B
Pl o ] P g
P P : e, Mo
7] &= ¥

25



3-2-4  eEez Je AL 16 R % b

A2 % RS R B EB(SCCOSDN)(B] 3.10) kB £ v wx § #in 5 o B
PRI = B B AU G PLIw P2 B~ 55 - kB4 £ PI-P2
Joxeendh ¥ Blhe® 3.10 477 o #F 44 Pl o P2 730 ) pF PL e
P2 e 4 % 5 latme 5 DI EL G 0o ¥ ¢ + S B Pl 0B 4 ] 3 latm»

SRR N SB[ AT 0 ek F > PL AU 4 X 2% latm o $i5 » B A 30 0 o

B3.10 R4 R Bk AL

% 3-2 &4 B ip| B(SCCOSDN) eh

Pressure type SCCO5DN

Operating Pressure Range 0-5 psid (g)
Maximum Over Pressure 20 psi
Accuracy 0.50%
Temperature Effect on Span (0°C-507C) 2.00%
Temperature Effect on Offset (0°C-50°C) 2.00%
Full-Scale Span (mV) 40-75
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RZ

Ri
Hiy
R3
R4
R1 R1
v STATEY
" * =

B 311 B4 RRIE AT TR

T L B T

Av = V? = rmais +V,,
Vi R, R,+R,

S ?&&;J‘Rlzl()k, R,=100k, R;=R4=1K, V =0 » & i¥ ?Jﬁ%.rﬁ%?c«’\ itg_{;: 5

110 % = T B3R R R B AR

SCCO5SDN

o)

ANBEBRE (1) GROUND
(2)+OUTPUT
(3)+Vs
4) -OUTPUT

Bl 3.12 &4 R P E(SCCOSDN) % %r g
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FELREPS kS TR TR AL 1 5 0 AT K PR
4 BAE > & g B S L 10KS/s o

331 FHHFTE

R 7k B = 7 (National Instrument, NI):7 NI USB-6251 7 DAQ 25~

B 3.13 7 pee+

% 3-3 NI USB-6251 . %

NI USB-6251
B 16 13 3f
B % BofRAR 5 1.25 MS/s
B~ {347 R 16 bit
)~ = +0.05 to £10 V
A e 2
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BB R 4 G 24]* LabVIEW #cB =488 > % kb PS4 2L
%’ﬁ@f#4ﬁmﬁ’%ﬂ3M-a@ﬁ¥i%ﬁ£‘%%%a%%%

Opersts Tools Window Help
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3-4  HHINL
9 4 #p £ 1 MathWork = # B % 0 Matlab &k (eaic 8 B 3% 2. 1

B PR R R A AR o ALY A S

"V

B o - B AP S F e U g sl(A Y F 3eREl)iE
FICAL $5 4 3w 3 fo%t 5 0 doBI3 15917 - & = B3 NS4
1) % BCGURE Bl 3 P 2 P BE > %0 3 LB 1 — 1 H09E (47 1
windowL L) i H a8 & 0 E i A G P T 4R eRIB164TT o R
SR RIE R R AR A BT 45 I B S A 4 B B

2o g fP-E Bt S iE P Aric g B o
34k E) 8y T B R
NN A 8 (ICA)
= 1o @ B BRI Y
//@ﬁﬂﬁ‘/ 4 g4t B Ao 45 R B l
B 3.15 ICA #7853 i 426
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3-4-1 w3k g 18P

FIH F REPIE LRI G AR 3.17(a) 77 0 % M EL 5 & B4
HEFRE S R RRLS f ER R ARG R c BRFRTL e RE(FLRE
<0 0.001)p T 5w ik o foe ROE(E TR E Y -0.001)pF 5
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L TR e § o f R S 0k bo Bl 3.17(b)H A o
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1 A
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Subjectl (age24, male)
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Subject3 (age24, male)
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BIFI R AeEL 0 43(b) 5 B AP R0 F R R E o L R RS
FROEE T g AR BB LR v o HFI RS
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Subjectl (age24, male)
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5O B B 0 SRR AT f 52

SCERRY ih 5 &H.55%

_ I 1 I I 1 I I
a =1 1a 15 20 25 30 35

5L B R in =R T #5 5=

0.5
b))
-0.5
_1D 5 10 15 2;3 25 30 =35
Subject3 (age24, male)

SC#RaY Iih = EH.508

I 1 I I 1 I I
] 5 10 15 20 25 30 35

5O B B 0 SRR AT f 52

_ I 1 I I 1 I I
a =1 1a 15 20 25 30 35
sec.

43 g i s § RS %) T4 F T S s Rk
WEL (D) o XD F RS o

37



Subjectl (age24, male)
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Subject3 (age24, male)
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Subject? (age25, male)
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