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Analysis and recognition method for pathological lung sound signal
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Abstract: Objective To provide an important basis for the diagnosis of acute lung diseases such as organ and functional lesions
of pulmonary organs by studying on the intrinsic link between lung sounds and lung disease, analyzing and recognizing the
eigenvalues of lung sounds. Methods The classification of pathological lung sounds and the noise sources of lung sound signals
in the lung sound acquisition system were described, and the advantages and disadvantages of the current existent analysis and
recognition methods such as short-time Fourier transform, wavelet analysis to identify, higher order spectral analysis for
pathological lung sounds were summarized. Results The application of short-time Fourier transform in lung sound signal analysis
and recognition reduced the stability requirement of lung sound signals. Wavelet analysis and recognition was typical lung sound
analysis and recognition method, and the elimination effect on heart sound and non identical frequency noise mixed in the lung
sound was better. Higher order spectral analysis effectively restrained Gaussian noise and kept the phase characteristic of lung
sound signals, and extracted the similarity of similar lung sound signals model characteristics and difference of heterogeneous
lung sound signals model characteristics. Conclusion The improved analysis and recognition methods for the lung sounds show
increasing importance in the extraction of pathological lung sound feature, the establishment of complete and systematic database
of the lung sound feature parameters, the basic research related to lung disease, clinical diagnosis and data statistics. The analysis
and recognition of lung sound signal has important research value in clinic. The summary in the paper provides an important
reference for examining human lung pathological information by using the eigenvalues of lung sound signal.
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Fig.1 Original lung sound signal

LRI 55 SR A A8 T L2 58 B A AR BRI T L B
2 368 T8 i RO R AR (R BR IR B B s
b RARAUAS AL IERAS 1 B BRI S BEHLIR A T
PO A FT B M 7 28 SR A R I M 7 R 2 X A SR 4
M T, S BE MR P AN (SR 5 1 5 B TR 1, B
2] e S S (5 S A RUN Y . TAE 7B B



7

- 741 -

9 5 T, A0 200 51 SR A B il 455 A T B BR A
55 I P S TIAL B

Wt AL i S DR D i 5000 2R 9 P ok P )
FEL 2 TR 114 SR BORE A oy il ARG M) B 5 v ol s Y it
BLA g M 7 s i I 2R 48 v BT 2 45 R B ik
VR4 LR (R IR PR AT ] BB H AR SRR W, A
PR BTROR , DTS M B A 35 >R A AR 48, R AR 31
R A5 5 52 B X LE RS RERLME P (9 40 . TH
PO EAE T i35 R A R G B R Rl R 4
FEAE PRI R A L B, T T I 2 i 15 5
A 50 Hz A 5, 700 i 155 2 M Ak BT
AR 50 Hz [ 35 L mT LA — 2 A9 T4+ 4t
AR P B T P T e O P R A P
S K SR PR O IR (R S A B . T AR
HE PR S B R 2 e (5 S R R b B T
U el B G B ik o 3 BV 22 A AR I 5 1Y
THRANTE M, LA b W 2 B B e PR R Al R A R G
Y PR R 7 3 o T i D D8 S R AR R e i >R
LA AR PR P PR RE , I 0 i A3 e R B 20 1 it
(RS T RMRAL B

3 IR E R 2 ATIR AT

i A5 5 e — R SNARF R BEALEE 5 , BRI
T U I AN B S M 5 D 2 5 S 17
AT o Il 1 5 SR B R AR SR AT {5 5 ot 22
AT Bk MR TR BT LA S A B Ve fE
U B G I 20 D0 i R AT D TR B % R P A
Wrisfi , K Z AL AR ST — B85 5 A I
i, KRBESHEASEES . W RERNNEE
SSRGS R AR, 225 A5 8 A e T R
BURFE o R I S5 B30 7 1 23 B il il 5 155
FEBELU I A AR (STET) N T L & By
T TE R R Bl D7 I R WF S AT
3.1 STFT

X TR A B B SR I A 5, SRl I 3 B
ANREFE 0 S W 455 4RI, T LR 206 i {5
PEFTHRRE J3 M o A G 1 L A 42 o) {5 5 R I e
PP A A4, A0S T TP AR B 5 5 o Bl 1
5 AR L A A I R A T 5 B i) B 4 3t
FROPATRHE , JCIEA B 5 15 5 B IR0 Bl ) 221
AR . PR R M 15 5 oh 220003 S 048 B S B
A 1 A S 0 Bl HL R i e i AR T T B
MRS AL A AR AR BESLIS 5 o BT LUH] P e HL i AR 48
Xt Wk S i AR S AT o iR s B SR BRI
ANRERT g BEPE i & £ 4T ZhZAS 70 M, Joak A1 X oy

BTAE I B ] XN A5 BRI . Ry iR A% A
ARl =2 SRR A AT RE ) B R , STET 4R %
53 53 AR 22 /)N s [ 1] B, P Xk R e g B ) ]
88 43 A BRI AR EEL oA A6 LA 32k V) ) B A7 A
AR, I TR] KR g ()1 B F1 R, g (e-o) TRl
AR T A0, R 5 A7 AR 4, an A =X (1)
J7R o

STFT, = [ f()g’,..dt= [ fO)g(t—7)e™ dt =<f().g, () > (1)

Hrr, g, 0=gt-7e"" , g, =g..)=gt-ne"" , #
1 BRI g(0) B PR R, STFT 32 IR 1 1% 40 4 BL -2
X5} i 15 5 T B A s R B 110 0 3 A R 118
S FRAT 35 15 S AR MR AY R BT L STFT 1] LA
I FH il B 55 A S A B ARSI 5 o il 15 5 B A3
T PR B2 Wi 57 17 5 B4 R 12 [R) 43 A, Bl 15 5 A e
% [B) 43 A 1 RS R i {5 I RRE & AR
A5 BT LME 5 80003 0 B8 12 1 AN 6] o] LA AN ]
P 5 5 AORRAE , A STFT B2 BUM 15 5281k
(8 REAE T LA A DRI 55 2 75 1, 5 B 5 0 43 2
gh,
3.2 INE ST TR A

NI 53 BT S — P LU B Bl A S My
T, XoF i v R A A A TR) A5 % B M A ) T R S R A
U o 5T B AR 4 A3 AR S i 45 S AR E L D
D2 728 o o) il {5 5 1) B[] 380 350 3 1) S B A 43
WA R R B L T 2 Rk, 404kl
5 TR AT AR B T FRARC AR AR A5 38 3 [ B3 I s A
155 A B R, M AT LS A 3 il 3515 5 AT 2
T, /N E S I S SRR ) A5 A
D5, HA 2 HER AT R A5, 7 ELTE ISP s 2L
e R R LR o ol

Wf(a,b)=16r""[ f(t)zp*(%)dz (2)

HA, a b o3 5 4 R 1 FRE RS R 1 A4 A1 a 2
SE A B RRBCE AR5 R L A AL B AR -7
DR 1 b BRe i 7 1 PR R AH - T o ) L ) 2 8 T
LG A 5 R AR, AT LA 5 9 S %7 11 ek R (]
T, DTS 2 B o B MR 3 B 5 25 A5 5 IR
AR, P32 9 7 1 10 o RO B 7, DT 7 2105 v 1)
I 1) 3 B3R, i 5 Sl R 1 10 e 8 B X A [ A
FAG TR AR AR AR5 540 BE b H B Jt
IR JEIS N TR B B AL, XA
TR A5 5 7 ATt A 5 ) & I
AN REA R IS S OB 57 15 AR
SR RIS S R AR RS BtE A 1) 7, A HGR 2]
R RI RIS R 7 B, DIt o i 55w i



- 742 -

Hh ] R

AR $3348%

A RO Y, DEBRIGE TR 5 A ITHO
RIGr o BHAMLGHUE R TTIE /N TR i £
SHLE TR S IR A RO, & e HREA O
{55 BT A5 5 A0 N A 8 5 SRR AR e /N &
B Wi I B N R N R e A i,
P T AE (5 S IEER 10 (5 S BT, HLugkR
ORI 5 B A B A 3 (55

Xt il 455 AT 20T U R /NI e B T A A
TE—7E BB AL - (1D XSl R AR RGERI (MR LA —E
FOR . TR Sl 554k TR )5 B LR
(EHRES, T Z UARMER BR o (2) /Mg Hr v /s
T 1 AR 0 B MR 2 T £ 5 9 20 T 4 2R, i AR
Yo SL IR /NI il BT e /N AT 5 i
fik o /NI B Xt 5 5 (4 Al PR 22 , R
H T 48 10 /N IBERE L RE X Al 35 15 5 R4 T 22 7
] BEAE XN 15 5 2R A B RCR R e Y (EE
X Ml 5 A7 5 i SR A DR A2 AN I . (3) /i
AR Tl 455 20 W v /N I AR s B T T
(ERCRERRIEVLPS NSV U EN Ve s
ity L — DR AR N R B A . (4) /N 40 T
Wt E G5 T REE TR a b Sl 155 M Tl i
A AR BRI A S R R B W) B A
USRS 8 By S BT A NS a2 L0 i i = R e 0
Praf R A FLE AR A
3.3 BES

= g e AT BRI AR T Z2 B RBE AR R T A
(5] U1 l5-F- 2 (ARMRO) BRI S AL, b2 B idh I i E
AR 55 AR AL, I 6 AR il i 28 92 75 1 336 e
FOBGEAATIRE o B 55 = B i o B 32 24 4% fili
e AR T ARMA S8R EE 7 i = B s £
LR 2 P i A P A R AN [ 2 B
it 5 S A TR ST A L5

FET e R AR ST (5 S5 ARMA RO
ZHCIRI AT LA TE A 00 A R0 S5 e b s 1 | R 1)
Jii 16 2 0 7 A s Rk ) A2 A, I AR 7 15 3 R A )
A A SO e SR . TR B R T
8 T A5 5 A V) T LA 255 AT o o S P X il
FAE T BURZI AR I H T o B RS i e R S
Fr A i pR RO SRR L A5 AR A, IR0 o326
R 2R G0, X i 38 g A A S Ry PR 2 W . i
AR ARMA BRSO il A5 5 26 A 1 e e b Ui e
AR I PRA2 Wb A7 3 B

4 B2

=A

it 2 S IR o B A B 32 Wit A S 1

LA , R i A S M 50 g B e i 5
TP I I — DA S5 B LASE 7 i BT A
PRI B LU 155 89 0 A U R I AR 1
HAFEERAARNME. STFT /NESH =B
XML SN 23 MR e A — E R B S5 AR L H
AR T AR A ) 5 vk ik 3 Rk 2 e
WLSESR AT . STRT sefiie 11 HL At UBEAT 3] i
RS B I S P A B Y R B, PRI T i
(ERERiR e EN ML T8 & AN & g P |
8 T A D %, Xk R T B A AR HL A £ 2 G
PO BRBOR A, (HX T IR R ROR — . miBi i
AT AT LIS kA7 G s i m] DAS: 39 i ) 22 2
A% pRUBUIR BE O B AR LR o AT RN T
s DA P 5 A 300 e B 28 GE A9 [R) N, 8K 7 T J fiti 5
Rk -5 e PR 191 A AR SC AR O 5, LA IR 5 i
VB A 5 AR R, 820 Gl PR A S 58 B
ZR G il 5 R i S BRI A At S T 5 A il
AHICER I PRAZ I B89 ]

S 3k

[1] CHARLESTON-VILLALOBOS S, MARTINEZ-HERNANDEZ G,
GONZALEZ-CAMARENA R, et al. Assessment of multichannel lung
sounds parameterization for two-class classification in interstitial lung
disease patients[J ]. Comput Biol Med, 2011, 41(7): 473-482.

[2] YEGINER M, KAHYA Y P. Elimination of vesicular sounds from
pulmonary crackle waveforms[J]. Comput Meth Prog Biol, 2008,
89(1): 1-13.

[3] CHEN X, SHAO J, LONG Y, et al. Identification of velcro rales
based on Hilbert-Huang transform[J ]. Physica A, 2014, 401(5): 34-
44.

[4] MURPHY R. Computerized multichannel lung sound analysis,
development of acoustic instruments for diagnosis and management
of medical conditions| J |. IEEE Eng Med Biol Mag, 2007, 26(1): 16-
19.

[5] NAGGAR N A. Development of computerized recording channel
of lung sound[J ]. ] Med Bioeng, 2012, 1(1): 52-55.

[6] GURUNG A, SCRAFFORD C G, TIELSCH J M, et al. Computerized
lung sound analysis as diagnostic aid for the detection of abnormal
lung sounds: a systematic review and meta-analysis[J |. Resp Med,
2011, 105(9): 1396-1403.

[7] KANDASWAMY A, KUMAR C S, RAMANATHAN R P, et al.
Neural classification of lung sounds using wavelet coefficients[J].
Comput Biol Med, 2004, 34(6): 523-537.

[8] SPIETH P M, ZHANG H. Analyzing lung crackle sounds:
stethoscopes and beyond [J]. Eur J Intensive Care Med, 2011, 37
(8): 1238-1239.

(9] e, 3k, &, 5. 3455 0 AR5 7 ik 09 A itk e

[J]. TR IR FFR(A AHA), 2013, 27(12): 95-100.
YAO X J, WANG H, L1, et al. The research advance of analysis
and identification method of lung sound signals [J]. Journal of
Chongqing University of Technology (Natural Science), 2013, 27
(12): 95-100.

(F#%746 71)



