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obh, Qulglolet Bl AnlEgA, o F ol AvkE EL olgshu Mmel ARl i &
A G AR AR AARE FAT £ A0 A4 BAE bl Akl AL SUE A8
Aeol s AT, Ag 54 RAE BA DA 34 Ak Aol Ng gAE DA wg
FUe ATH £ %08 Aol AHFERA o PE Husel MER oY oJNES AFHT)

olsh gol ¥ W] Hg NEAclML Anele AVMIHANE AHFE S AS B ok, HALARA

=9 g 49

% 1o ¥ el o Axde] we svhE gxe] ASHFE e Edolt,

£ 2t % 19 2ntERR Y] F4S Ao e Ereld,

E3e 2 wyel § Axde] e g A%e] A% AR ATYRS FAHom Yl EAmel,
o4 B oune) o AAldel e A ol ZeAol e g ABHelAE ekl e,

% 5a WA ¥ Sci Z4E 84 A% dolHst wae ov4 seleE tEl Reld,

k1
o
rr

= AdelA AtERAAE o83 ek Aes vEkl Z=Rolt

g e A5l Y FAE ol g

=

w ool oy % 54, Telm aASS @Ase Pue AVHE Bus @4 PAs FaEe] i A4
5 Fxaw FAA golth. et ¥ AP ool A ANHE A Se] PHE So] ol A=
OE T gEm THE deln, wx B AR X wgel A SHsug s, B wye] Seh
Aol B4 AL A Aol o 0TS G AT A AT Ao, 2w
3o WA o5 gold wolth, FAM AAe) A FU Fx PEE 5 P 48E APa

B AntERA(200E B EE QA0 A8 Ao Hedtel JdY Aol I ABHNE
AFeE ARG, ARERR (200 AHEATL ol FSHA FHAEANES Bite] BAVES FAT 5 b
AAGAY 5 glom, o o 2rkE ES EFF oF Asy], w3 AFE, PDA, Aol FH, 2v)
E

A, =utE M= Fol & & i}
2PFEAA(20)E TRAA(220), FHFE210), FH5T(230) 2 R (240)F E?ﬁf&u}. %
LZEGe] i =] QYIS XY = =
HE, oo ARE FAs: WA vlela, frAdE

e ¢ Ao %%ﬂ?‘)r(ZSO)L ﬁﬂﬂﬂ ﬂi%aﬂﬂ s

APREGA (20)9] owel (2000 Ao ol o] AgHE WY TE R dOHE Ao Yag A
FET. 2 298 Y AN HE SIS AeAC0AE A8 ATAAAGSD R o9 75/
o] WA ez ozl /1B 4FY LW, £9 A4, GgE TRaRs, EUAE, ®
S ool zold AFAL ALEA Ao~ SSE, ZLAN s B2 TR 99 ool 8 A4

o] (firmware)7} A&= 4= 9},

svbERA (20000 AAE e HFEAA(250)S ARFH 417
Wg ol gdtel BA EE AAIN)EIE HSH HSORIVE NAW AV A9 AE ATI A
A (2500 AHEATE AN 2hEA )6 9% FAES o] gl theRE we GEAo]
Eqole) ek, @ X wwe] Ag ofEelAolM(250)e AvEGR (20)9] $FAA £ZEd o]}
of PEER 2vpEZA(20)0] AR AZElY = glrk. A% olFelAel (25009 WA T Fol
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AlE) A,
svhERA (2009 TEAM (2200 SFAAS B AFE 2=S AAstn dolHE PHstn g 4
& A9, £ ZRANDE YR GYIE Addel AP0 AXARE B 4 3 F
QolElel £ 2 AU B 4+ AT, T T2AAE0E A=A AAH 2GAA SZEdols

7+E o Eg Aol AZEOIEY V|5S APt AdF TS %%@K‘r.

2ulELX](20)2] AYHE, AR, GPS, 1/0 dtulolx, Fhdet REY T2 S=do/ATE Y BE 59
BHA Ee $gA st EddMt UEA ggon, B we] AnEFA(20)d FA e 75l
ZlofsheE e Uiy 2 oF HAXHESS ¥x3he 4 vy, E3 AntERX(20)E =] SAE(FR X
3h, AZEYY Q425 (HFH #5 s wiAd AdE HFEH IZ= X3 EE o] T 84 AFS 23
F Ao,

2 o] Ag o &Y Aol (250) TR, Ag-ovx] WHEE(252), SHEFF(254), AlS wFH(256) 2
Lol AAK(258)F E3HIT)

AEF(210)0] AR A3S Aostnal sk k] AA(10)ol Szt A ASS 5535, AE8-o]v
2] MFE(252)= H58 A AL dolEH(S, 2L dolg)e uiste] AJte] Wslel Fulgro] wsle] mE
NS [ES 224 ez 7tAI8ksE oju|x] dlolg 2 Wity ek, 4 S-oln|X] WM3E(252)= FEZ5EH A
IS ggo AZ AS dolH(S, 29 dHele)d tiEiAE 2xdoe R JRAeek olnx] dolE =
maksiy, AE AL "HolEe 7] dHlolEjHo]~(dE E9], eGeneralmedical, UCLA Auscultation assistant,

Welchallyn, Michigan Medical School, Medicine and Teaching Hospital Motol Department of Applied

Informatics, 3M stethoscope, Teachingheartauscultation &)olA WX A% A#E Ao A& 4= ). Al

goolnlA MIF(252)E 1 A 200020 Fe FALE e AL A% Hoeta 1 542 B 9
o], A7k, Foe @ g AFo] BE AASE 2449 olnlA HolHE Ag@Th. FARCR Azt Hu} F

g HE VIR s AF WEke A Afolw FHEste] ojuA] HolH 2 #AIFH

ShER-(254) = AN-REH AT v BE S delHE ASdRe ks Rl gk 4 dlojE = A}
3. AR R, 995H(2100S Sl AE AS HolErt d¥HY, AF-oln A WER(252)= S A
& HolH (5, 2H% telH)E 7HAstste] ojvA] HolE = t‘*ﬂ“SW ShEH(254)= AE As HolH9 o
m ol E AEFA AFE 22 dF dolHE AREdY. ShER-(254)= AEFA AAY RS o835t
of olnA] dolg T Mol WSk ofvA AAE Al ’ﬁ«l% S0 AEdd T o= vz sEAl
toakg s, ShER254) = AE AS HolH F As 1570 tSsks olvx] HolH

FA AW BRS o]gste] zk ]9 oux] HolHE VASEAA 4 vk, o714 A
B o]e7]1E AA vAl F=57I7F AEE 7] A e 7S

(o] - =
A7 A48 e A% 7IAIskE A2, Ha o] AEFA wejof(convolution layer)o} &% o]
(pooling layer)E WHEste] o en, 22kel oln|A] HolH=5E F43hd 54 (feature)& FE3HL O
oS hFohs WS NHESte] A AlTor AaE dwtstd Ads A Aou. B Jje] AEFA b
E 2 A7 #olol(fully-connected layer)7} 1o, Z+ gojojd 42 AL

= Sl =
(sigmoid) ¥<=, 3dlol¥E8 EeFAIE (Hyperbolic Tangent: tanh) &4, ReLU(Rectified Linear Unit) &5

2 AAldeA] AEeade g, v wEl B4 e WFR Abde AdojHed, dEF 59, A4 A,
A3 AlS(S3), A4 A&(s4), £%7] #F&(systolic murmur), F7] #&(diastolic murmur)E F 5719 sj&d

A e A8 dEo] gle A9 Aes oulshy, Ae 157 & SI(AL A first heart sound)
I} S2(A2 Alg: second heart sound)7} TEET, S1& AA4F7] Zo sy SR Ha Al o]
golo] Mold WAHE AFeow A3 £H ALow oFoldrh. S2i tlEwW wutvl sEugtuie] o)
Al ddlo] o] BYy BN E JegoR 2 Ao = o]Fozir)

I Qe S3(A3 ), A4(A4 ), FFV A, G A4S BT AEHR d3onRy fiHe ARS
ojth., FAIFOo R, S3(A3 Ae)E S2 o]F 0.12-0.16% Alole] A ojghrlo wE HE= 4l ddo] Tt
2 o dAske AgeeR, A, A Ve 3F, deHEd FAS, SEH(EE AEIoA e IR,
A SAAE, HA4 4 (cor pulmonale) 59 Yoloz WA, S4(Al4 AS)E ARy Adue) E4 A
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o]z AAR(258) = AEFH(210)S FaAl ¥ B AS dolHol 2£3E A5S(thermal noise)s A7
gy, 2RtEA(200E o8-8 A AW H Ae S5 dolA #AstE dekA v ZFe2 A F A
deolog BFALY. e 374 Agolx tE e AntEAX(20)9] AA e, F EFgolt. 34 e
< A, oA, WEAS T AnEAA(20) oFd LA FH ASE “a“s}“%, 283 55 FAdANE
FAE A Fooltt. AR 4RSS 2ntEARA(20)9] = UdA FHE ARl d ojFom s
At FAgoz2A Ae B4 AErE "ojmiglE: Fo dd F oshvelr. E Wydies ~dFE- M
(spectral subtraction)®} <3Fg|o¥M3(Fast Fourier Transform: FFT) &ig]&S o] &3te] ~AntERZ A}
A A LA EFES AAgT. FAHFRE, 5581 A A dolgHe digte] &Y Al AR (dE

o], 250ms)"F; &% (sound pressure)S SAT ¢ SHE U T SHH A H&E(AE 5o, 39 10% ©]
shell sjdshs AlzE %E%% e A MeS ol gt A&l At
2~AEY S ALteta E% AR AEellA ols AR F, JudFo Ak (Inverse FFT: IFFT)E ©]-&-3ke]
ol AAR AP Gl s A

To

[¢}

2 Ao Ae Aol s 98t AutEAX(20)7F 5HE dhuhe] HAGXQ Aow o E Fol AWt
, AEE AL ofyth, FAAoR, AnfERAE Eutd 77] 9 o9 EYAR A
A=y BEA oz FEE o5 GX (AU sl o] AMMER H/EE dlolgrlo]x)e] 2Fow FA4E
c} o

FE gk o A%, ARhEAAE TSR A TS w7 Bt Y gHd £8 £ Ao oE
of, YEFY, ZeAN, % FAFTL R sVl Saa Ae hEeAcl ol A MreE 9% 4
of &% 5 93, bk AL AEeAM F AR A5 makd 7k Hgetn BE s 9% 3%

. Hog TRY Wik 717 W 9P FAZ o] FojAr e

ot ¥ 3 W 4B Fxatel ¥ @@l U Mol mE JUAW Ae] AW gu AFH] skl A5
AgEt £ 38 B oage O Addd] 0 4d% 289 Aw Ar AFPEe SAHes el ¢4 E
ofth % 4 ¥ wwel A AAde] npE g fELAo Y AHgA AE o] 2E Lhehdl EHlolth,

WA, FERE AT tee] AE A

eve dbolgeln g7l delguel szt A5 5 9l
2rtEAA (20)E ol AE A
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SHEAZITHSI0). FAROE, SHET (250 ARTH A% RS olgse] omA dold F Agel Ul
sh= olulX AAE Abde] FolE Bo ALAE F o sz gAY

oloA HET A AWHAA i Bl AMEFANQE 2EAA A8 LS S ¥ wPe o
welolehE E4A AAR Aol U AMIES FAE £ ARS 5WE A AEH ol AT, =
1B FEs] PANoR AW, WA AEA EE BT AvhEFA 209 AE ddEeAelde dastu
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$91(32)e thgetts WAl AntEgA (2008 W mlolaE
& AR HeANUGEY) Al BADT. Hoo] dudw, An)

KR
ERAC0)= 558 AEo] it dA of g ddsto] dE ojWES st Aol e, vt

ju- 1= [S] ?—:’]_ l‘?‘ =]
o] NF oo AAL AREARNC0)Z A9E Ag F4 $91(32)0 A AHNA Lop] HeH AL
of NEHY A& A A AXol B & aqsh OY oMES YHFT, 134 G 4L

APFEARA(20)= H5E A AE HolH (5, 2L dolE)el tiske] AJte]
shol] W& AE IEHE 22 R 7HAEke ojwA] HlolE = WETH(540).

w Aol F 461 AP Al dFem sigloen, WA sEE A Aol o) 7+ ddAte] Ady
% 1 Zoltt. AA dAFA T, 2082 FEH7]
a

1= ]
ystolic murmur)<, 5%S 47 #Ae(diastolic murmur)<, 18-S A4 AL (S)E 7FA I 9
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Characteristics Total Yos Interpreiabic he;r; soumls Pvale
Number of participants 46 30 (65.2%) 16 (34.8%)
Male sex 21 (45.7%) 14 (46.7%) 7 (43.8%) >0.99
Age 65.5(21.0-90.0) 62.5(21.0-90.0) 71.5(26.0-88.0) 0.067
Body mass index (kg/m?) 23.8+35 24.0£3.6 234+33 0.542
Hypertension 23 (50%) 14 (46.7%) 9 (56.3%) 0.757
Diabetes 9 (19.6%) 4(13.3 %) 5(31.3%) 0.241
Atrial fibrillation 5(10.9%) 0 (0.0%) 5(31.3%) <0.001
Primary diagnosis 0.005

Aortic stenosis 13 (28.3%) 11 (36.7%) 2 (12.5%)

Aortic regurgitation 2 (4.3%) 0(0.0%) 2 (12.5%)

Mitral stenosis 4 (8.7%) 0(0.0%) 4 (25.0%)

Mitral regurgitation 2 (4.4%) 2 (6.7%) 0(0.0%)

Hypertrophic cardiomyopathy 2 (4.4%) 1(3.3%) 1(6.3%)

Others 23 (50.0%) 16 (53.3%) 7 (43.8%)
Heart sounds 0.007

Systolic murmur 20 (43.5%) 15 (50.0%) 5(31.3%)

Diastolic murmur 5(10.9%) 0 (0.0%) 5(31.3%)

S3/54 1(2.2%) 1(2.2%) 0 (0.0%)

Normal 20 (43.5%) 14 (46.7%) 6 (37.5%)

Data were presented as median (ranges), mean = SD or % (N). Comparison was done with
Student’s t-test or Mann-Whitney’s U-test for continuous variables, and Chi-square test or
Fisher’s exact test for categorical variables.
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L 6v # AddA AntEAAE o]&d e s YEN Rl E AddelAe g A S5, A
d AHEA S6 2 LG 39 ~ntE E AS o EyAClAE dAE Y Fes SASTE. & 694 TPE
&% (True Positive), TN Z5(True Negative), FP= AB Y d(False Positive), FN A3 (False
Negative)E YERATE A Al S5 90%, AA 2AZA] S6= 87%, LG G3& 90%9] At A& =(diagnostic
accuracy) & 7HAl&= Ao wolErt. H 2+ B A¥de Ad Aes Aoz vERH Holt),

% 2
Galaxy S5 Galaxy S6 G3
Estimate N Estimate N Estimate N
(95% CI) (95% CT) (95% CI)

Diagnostic accuracy 90 (73-98) 30 87 (69-96) 30 90 (73-98) 30
Sensitivity 94 (70-100) 16 94 (70-100) 16 81 (54-96) 16
Specificity 86 (57-98) 14 79 (49-95) 14 100 (68-100) 14
Positive predictive value 88 (64-99) 17 83 (59-96) 18 100 (66-100) 13
Negative predictive value 92 (64-100) 13 92 (62-100) 12 82 (57-96) 17
Men

Diagnostic accuracy 79 (49-95) 14 79 (49-95) 14 93 (66-100) 14

Sensitivity 83 (36-100) 6 83 (36-100) 6 83 (36-100) 6

Specificity 75 (35-97) 8 75 (35-97) 8 100 (52-100) 8

Positive predictive value 71 (29-96) 7 71 (29-96) 7 100 (36-100) 5

Negative predictive value 86 (42-100) 7 86 (42-100) 7 89 (52-100) 9
‘Women

Diagnostic accuracy 100 (71-100) 16 94 (70-100) 16 88 (62-98) 16

Sensitivity 100 (59-100) 10 100 (59-100) 10 80 (44-97) 10

Specificity 100 (42-100) 6 83 (36-100) 6 100 (42-100) 6

Positive predictive value 100 (59-100) 10 91(59-100) 11 100 (52-100) 8

Negative predictive value 100 (42-100) 6 100 (36-100) 5 75 (35-97) 8

CI denotes confidence interval; N, number of study subjects in each group
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