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differences), &7] =74 FFAAS} F7]54¢] HFHAFS] vl S (Inhale exhale SD ratio) % ol&9 =37t
< Aol s ol e EIekE H7E = A

A7) H7ls #EE 93 AxE &7 dHolE
o

A (normal) #H7)%

, 4 (obstructive) 2

A
(e}
=
1

o
oy
=1
o,
o
)
o
2

>

2

ok

o

=
-
[}
w
2
o
(@]
o
<
(¢}

e

TFAASR, ZZAA(110)= 13] F7]-57] 73 A5 s Hi FAAA 571 2 57 F4 FFA e H
$-(inhale to exhale peak ratio, IEPR)(©]s}ellAl&= IEPRo|Z} 3712 3), &7] X7 7] =4 ofg WA
H| & (inhale to exhale area ratio, IEAR)(©]&}ollXE= [EAR®IZ} 7= 3) B9 ARE TE3le] ¥H7]s o
of &8 4 vk, Fa=, HAalnkH 3@]'1}4 Z1AE7] Fsel A H&A o] FrasteE AT Fxp= gl Bl

[BPRo] Z7}ati, sl @b [BPRo] 7t4dl: @& e 4 9
E2AA(0)E 453 [EPRS 7314 28 Fa) 423 & 9
(57314 2)

27|24 03 &0
IEPR =

27|54 O3 =0|

T 55 Faushd, TRAMN10)E 138 F71-37] 73 AZe s Hy FAE A5 4= Qlar, o] REH
IEPR 2 IEARS ZHZ}t 4t&3 4= i) %71( Splratlon) *”Jﬂr &7)(expiration) X9 I IAFO|7} 7] HAA
A

T 52 Fastd, AFEA(EAN) 7 #2494 IEARS 1.250]3L IEPRS 1.090]™, A4l 4-$- IEARS 1.539]
3L IEPRS 1.620]9, A3l 79 IEARS 2.760]3 IEPRS 3.669U0S &d = Addrt. B /A oA = A3k
F71-37] 73 Az S agz A o] RE EEHE Hris Wl AREE AT o, AR #H7)E
FEE ddsy] 9 B A3Aoln W duE AT ¢ vk a9%E 71dE = e Aeltt

%= 55 E JiA1Y #4443 (Obstructive), AAF(Normal), A (Restrictive) ¥|7]%s #A}e] &7 o]itsles
FU(ABP), ¥ HZS(lung sound), Y& HAFY ~HAEZ T3 (spectrogram) E 13 F7]-%
TS FE H FA9 AAE YERE EHY 5 3

= 55 #Hxstd, 94 (Obstructive) FNAE x| A9, 18] F71-37] 73t 459 FE Ho F49 A
T2 B&(IEPR)C] 1.09, &7] 2 7] FAef ofdiwA 9] v]&(IEAR)] 1.252 F7]|¢F 57] FAlo] fALs 4
9 ANE Y F gk, w3, % 59 A (Normal)o| 4= IEPRo] 1.62, IEAR®] 1.53% uEhd 4= vk, =
3k, % 59 A|EH (Restrictive) F A3 3x}¢] A9 IEPRo] 3.66, IEAR] 2.762.% UElE 4= v}, % 5ol A
TAEkE vkel o], B A e A it HrlE ddHE WEs] FEE ¢ JdEE vEa e RS F
A& 4 o

T 62 B A9 5 (feature) FF YHS Ay f8 mwo] T 72 = 69 EAES d9S el
= =dot

olslo| A=, #H|7]s I X #7} Inhale exhale peak ratio, Inhale exhale area ratio, Full width50 ratio,
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Full width75 ratio, Inhale exhale RMSSD ratio, Inhale exhale SD ratio, Inhale Skwness, Exhale Skwenss,
Inhale Kurtosis, % Exhale Kurtosis¢l A& o= Eof AWsr|z2 3},

TRZAA110)E 7] A" AZHEE Y, 18) B¢ 9 HS dolEHE #8538, oo ug oleHA F
PE Has AESte] aHZE B8 54 5AS AET 5 o old, T2 AA(110)E AlE 99 A%
Fejo] digk EA (A7 B AR)S AEFTE 5 e Aol

T 65 Faskd, ZEAA(110)= F71-57] 3F A& FE et FAedlA, Full width50 ratio % Full
width75 ratio® 4F&& <= v}, oluf, Full width50 ratiod &7]-&7] T3k A5 GdE AR A9 3

—_

A 50%l fIXHE A Hel Yl HEE n|sls Zola, Full width75 ratios &7]-37] 73F Al39]
GAE Fo FAe FZA 7% A s A YHle] v &S gnlste AY 5 ATt

=6 % = 78 3, = 794 A Inhale exhale peak ratio S53S 9u|sts Ao=, &7 49 HY
Lol (69 ADS 37 el Hu Eo](E69 A2)9] H]ES YElE Zo)i, BE Inhale exhale area ratio
EAS gusle Aoz, F7] 49 Yel(&69 B w7] FAle] YHol(x69 B2)9] HIES Yele AHY
T AT},

% 79 C= Full width 50 ratio §54d& ou|ate= 3o, F7] FAoA Ho Fo]9 50% Folol sidst= F
A Abole] A (&6 CH9F &7 FAolA A o] 50% olol s F A Abolel Al (X692 (2)9] H]
&S 9nlEteE AY 4 Yk, © 79 DE Full width 75 ratio EF o2, &7 FAdA AW Eolo 75% o
o dFst= F A Abolo]l AT (%269 D 7] oA Hd wole] 75% wolol st F A Abele] A
2 (=69 D2)9] H&S oust= Ao|tt.

% 79 E¥= Inhale exhale RMSSD ratio &4 o2 RMSSD7} AlAE dlo]E]e] A&7l o] HMEAS SAH3t=
FAA AxY o F7) F49 WeAd(x6e] EDY 7] A9 WeAd (k69 E2)9 HES oulste Y
oh;}

S .

% 79] F= Inhale exhale SD ratio o %, &7 FA9 HFAHA} 7] FA9 HFEHA HSES 9n|s

2 x| S FAEHE A A

o H A, A 3xte] 71 9H7]% AHAAFPET) thH] IEPRS One-way ANOVA 7]
S A% g ). B IRAA Agkd Hdd Y-S wdse
FEV1/FVC H|& A9 t-test wnko] a1 & Skxltoll A IEPR H49] t-test p-value:

0.001 "mRFo. 2 YEPd ZE 3els 4 .

IRAA(110)E % 99} S e E [EPR¥Y [EARY Z& H7)s i AN IEE A5 5+ Yrt.

=9 & JiAe 5AE 2xEs YRl =yeR, ZRAM(110)0M FEFT 5HE5Y Hve BEEE

S8 v & o

= 9o ZAlEt= wle} o], B Ao whE=T Inhale exhale peak ratio, Inhale exhale area ratio,
Inhale exhale RMSSD ratio % Inhale exhale SD ratio®] 47} EAo] #d3le wle} Pt EHES gels
T Ao,

5102 2 A A, A, A drls 3R] =89 (FV0), 1% =¥ I 7] (FEVD), 1% =3837]
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N

Fy =y H g WS (FEVI/FVO), 13] F7]-27] 3 s 35 B =49 HFA v&(IEPR), 13] &5
71-37] F3F Qs e Hit 349 WA HE(IEAR) 55 0014 1 Afole] ghow Aqfstste] wlugh 21&
2~
T

T 10 Fxstd, B4 Asd #d8S dHsE FEVI/FVC vlE, A4 #dd wdss shEskE Fveed
ulsl, TEPRO] AR, A4, A AdeS o s ddsta vk As S0 5 ok, B3k, AR
HAAEE 3525 VsFlE FAL 7 A= grIFel dadhke Aoy, AN Adee 7] 250] ¥
o] 3R] Fashs dWolr] wiEol MR dwEs d4SEE Bols S/4dolu, FEVI/FVC W&, FVC,
FEV1 5ol 7| #715 A A5 Aol A7 7P 3 A 3 A4 wd3e] Haes 2 o HobA
Ao Y = s ==

11& Fushd, X5 FPR(False Positive Rate), Y& TPR(True Positive Rate)d <= @lt}. o|u], TPRS
5 (Sensitivity)E ¢n|&}= Zolal, FPRS 1-Specificitys YvldlE= Ao, W Ee} Eo|wr) 584=
o] Aol w& HAom FAIE 4 ot IFH, Fd YA I} oW FPRI}F TPRo] E5F ylold 4=
| oigk ROC =4S A th=2A dvepd § Atk oldl, o= Fxo ik AAAE
o] 7hd SEAAAE AFHow vusty] 943 3] AUROCY 2ith.  AUROCE ROC =F
2 o M L S Holve i JAAAE H&ste AL ¢ Y.
K

o2 & ¥ X rE
4

i
—
-
[o
Y
=
ofr
(L

, 2 JAE F3 5% IEPR 2 IEARY UwEAQl #H7]5 EUYEH® X% (Compliance)& H1L
1, Compliance th®] ¥ JHA] A E¢] AUROC(Area Under ROC curve)7} <k 15~20% 7HAE AL dadd 4

ol

2k,
. ZRAN0E A A5 2 Ae A g8HE A5 W ARE 45 dolER estel Eeo]
e B, dg A5E dUFel w7 B AEE FEss ATAY BUS AAT 5 Atk B A
o W5 W ARE A)E WE ARE LS AL dolH AT @ o Tt EEHE A5
8 AR EFY 5 ATk A7) A W ARE el ge AR Hols AW gelang ¥ 4
QA A, BB vEdtel Y FUE ATE 5 Ak

FAHoR, $EF AT BEe X JE Ba A58 A NEE /22 AL dold 44, A
doleel el A4 L AVs WE AR H52 AFoR AUT & QLT G458 & Ao, o s, =
2ANI0E ATY, 33, AAYE HERlE geel Agde] gE A A5 2 ol BeHE Avs @
M AR S0 ANAE A5H] A% ARE 2R S8 5 A

TRAN0E FEF ATAT 2ad 54 e A NEE Qeste] Ay @8 AEE 453 5

A2 (130)= w715 HAF BEE Agsh] 9% AFE L2a9S AFS 5 glow, AdE HFH L2
A2 Z2AA(110)°0 o] AHH o] Fed 4 vk, R (130) = ZRAA(110)7F AAdstAY dA3 <19
o] dEje] AR g SAIF(150)7F A1 dele] FEe] ARE AT Sl

22 (130)= #71s HAF &A1 (100) 9] vF 7S Adsh= dHolE, T2AX(110)9] 23 97 T2
age A da, d/EEHE velHESs A%E o, dAris HAF AA 004 FEHE vl §
€ Zz(application program Hi= °fEE Aol (application)), #1715 HAAF &4 (100)9] &2h& A7 ©
]

, HEolES AFE v olHE &8 Z2aY T Aol d¥=, T $UE FE o5 MRS
=)
=

olg3h, WRz(130)E ZA W= Eld(Flash memory type), 3=t~z EFQ(Hard disk type), SSD EFYJ
(Solid State Disk type), SDD E}F(Silicon Disk Drive type), HEJu|tjo] 7}= wlo]3 2 EFR (Multimedia
card micro type), 7F= E}Ye] HREZ (& E°] D =& XD WREE 5), 3 (Random access memory; RAM),
SRAM(Static random access memory), & (Read-only memory; ROM), EEPROM(Electrically erasable
programmable read-only memory), PROM(Programmable read-only memory), A}7] Wl®E#, #7] tj2=3 2 Frjx
A T A% st B AFuAE 238 & dvk. T, dEEE 2 A YgE 2EEe] oy, /4
Te PR AdE doleuelzrt & F= i),

BAR50)E % FAsh BAG et s st ol T4 axE TIT & gor, dF o, PF
P ORE, FAEN RE, PAEN RE, 29 BA BE, A48 2E F H0% shlg £3W
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EASA WA, B AN AYE WA AR 100k FHF D AHRE o ERE FE U

[

FYRE A7 A A 5 AT A AHEA AE T UL, user interface)ve— FAE ol &
HHE ZRAN110)7F AASAY A4 Qoo P Ar B FAF(150)7F A oo Fue FuE
=98 gk

Y= A g2aZYol(LCD: liquid crystal display), ™ E#X2H A t]2=Z o] (TFT LCD: thin
ilm transistor- liquid crystal display), 7] #33 t}o]Q=(0LED: organic light-emitting diode), =9
AlE t]2=Zd o] (Flexible display), 3xFY t2=Zdo](3D display) oA A= s ¥3a 4= <l

T »Aljl'- O]
E T 4 "xZyel R, 18 5 9FE B F JEF FHY EE F FHFoR FAHE F . o
= 54 2Zdo] EEolgt AHE £ ged, AVl FH O odxZde EEY UxEd A dE2s
TOLED(Transparent OLED) &©| dt}.
AEH= AFEAol oA dEE ARE FAE = Q. dEFEE AFEXe A dEE HAHEE 218
13k AR} Qe FHo] 2 o] 7] 9/Es HEE, B S8%9 7] 2/EE HEES M F 9. dHF
S F3% AFEA e wet 2 iR L] A E wE faEgelE Alosty] gk HFE T2 asio] Al
T Ao,
T 12& & A9 #H7F 34 dES AWe] 9% sExola, ® 132 128 Hr} FAHoR A3y
3t ZET 0]
TFAFoR, HFS HelHERH #H7|5e BEAREE AMEe JAHS A= 5o AWy = s,
WA H7s AAF AX(100)9] Z2AA (1100 92 HX S dHolgE g5 4 JArh(1100).
IZAAM(110)E 92 HAS delHE 7Ha3ste] dS dolHE AT 4 JA5k(1200).
ZRZAA110)+= 59 98 HAXSE deolgd T3 g9 dHE A&l #As delHE AT 5 ATt
=, ZRAA(110)E ¢ XS dolHE T34 d9 dHO FIAA He dHolHE =& 4 v

olt}.

ZRAAIE A olHE 2R /] A4H ABE @S dolee THIE YT & ArHI300).

SO

ZRAN0E A8 A% delee TdLs Bl drls W AEE H5T 5 Ark1400). old,
& dlolEY Tz g el Wak adxd 4 gl

TFAHe R, Hg dolee aYEE AAEE 1300 A= 39 2 4 .

EO13E Fashd, ZAAM(110)= dH5 dlelHRFE Al de S xS AETE ¢ AEH2100). ol
ZEAA(110)= 3 doldE EWEE M (Hilbert Transform)S ©]-&3ste] A= W £ Al H&
AT EZHAE AES 5 v

T2AM110)= Al FdE e FdoziE A 731 olsdd BHE A&ste] A A2 A& A% X
FHS =D = vk (2200). 7] A2 e AE 2L AL dS Al A olsdd BHE A8
AL 4 vk, olw, AA" AR 72 0.3 = 5 T

2 2 A 98 S dolH, HS dHelH, He A% ¥y 2 HAE S A5 XPgHAS =E e
S Ad9str] {3k oA =o|T),

T 3% Fusid, Z2AAN110)E 92 WS deolHz5E S deolg AP AHd A Fug Y
e o] HRE o]&ste] d#He dHlolHE AT 5 rt.

A E 9, & 39 (M) Zo], Z2ZAA(110)+= 200-1800Hz9] 3+ S UHE Xﬂ.%o}@ (B)e} & 7S o
olE](lung sound)E AT F Adrt. ZTEAA(110)= HL dolgd (0O 7

| 4,
transform)& A &3le] IW2E XA (hilbert envelope)e =& F Utt. = E/H]H(llO)L =3 A=
E xgde] FHE mASY] 98] ARl A Az HRE o] &8k AZHTE ol sy FEE A85te] B
H A2 HE AE IFAE EET F k. o E 5o, AR AAE AHEYAE D) 2ol 0.3xE5 AL
2= oh;}
T .
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Z2AA(110)E A2 7

ot

o

=] h=:

ZEAN0E AFE FA A Aold ARRE F FHA 57 FHe 4 £EHT, =EY
dEE IR : :

A7) H7) AT 5] HA AL A2 g A5 TedelA AR st Frlsh Told dFehe H4 4
< oua % 9l

47 FA1S 2] HA e AEAE A2 A NE T §7) FAI 2] FHA AFE 2 ke gng
2= oh;]_

T .

i li =71- 17] TR AT e Hd A4S AEE S AEH(2500).

A
g3lol 49F 5 9dx, 34
A

ZRAA110)E 13 F7]-27] 3t A5 s Hyg AR s BEHS 93 AEE =&Y &
ATH2600). 7] #7715 HES Hs M= E9 dlo)H (output data)ZA AT, g 2 A @75
st W AHE xF3F 5 9k

TAARSR, Z2ZAA110)E 18] F7]-27] 73t A5y FE Fi FHA4 &7 2 27 F4d "HFAY b
S (inhale to exhale peak ratio, IEPR), &7] =43 z7] =34 oz WA 2] W& (inhale to exhale area
ratio, [EAR) 59 ARE EZF3t #Ar|s 3o &8 = drh. dF 59, AVl dES AT Axe &
71-57] FAe] HFA AlE, F7]-37] 349 WA HEs 2T ¢ Q.

F7t2, TEAA(110)= Full width50 ratio, Full width75 ratio, Inhale exhale RMSSD ratio, Inhale
exhale SD, Inhale Skwness, Exhale Skwness, Inghale Kurtosis, Exhale Kurtosis®] #H7]% ¥ XIS ¢ 3

S-S =
¥T % duh.

=, B JIAE FU-57] 349 HFEA HE, §71-37] 49 WA H|E, Full width50 ratio, Full
width75 ratio, Inhale exhale RMSSD ratio, Inhale exhale SD, Inhale Skwness, Exhale Skwness, Inghale
Kurtosis, Exhale Kurtosis @ o]59 %3 == Holx sk} o]t #H7)s B XxE 33 ¢ = Ao},

AEd B ANE 7 FAR AR G000 e A58 Ae Asel F79 5719 92 o] wge A
H A5 AFasel AN wE ARYS BRE 5 A
EE, B ANE F7-57] FA9 BFEA g L E7)-57] FAe WA wE ool F7 Full widthso

ratio, Full width75 ratio, Inhale exhale RMSSD ratio, Inhale exhale SD, Inhale Skwness, Exhale
Skwness, Inghale Kurtosis, Exhale Kurtosis 59 AZE F7} EAsle] #HAae] Walo] g Ags A

e = =), = 5L 2=
FHE F Y=E T F Q.

AATel w2 e, StEdlejql Auset Aol AAH7] ffd ZRIaR(Ee ofEAll

AR AL AFEl o A 7hedt WHolE Adshs 7ISsmAle] FEHz e 5 v ¥Hols
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o 2 5 glon], ZAAel o8 4YHAS W, T2y w
ST 5 Ak /1SAE AFHE 98 5 dE SHAR Ta8 S .

N

[0146] HAFEZE 98 & d& 7ISAIRE HiFE 9ot dl5E & v wWHATF AdH BE T/ 7IE WA
E X33}, o= 59, ROM(Read Only Memory), RAM(Random Access Memory), A}7] H]o]=X =z
L 18] A4 5ol & 4 Ao,

A=

Ac)
ot
i‘_‘-‘,

o

[0147] ojfoll Mol o] HEH =S Fxste JAE AAdES AWt 2 AL & TlERoklA B
o] A A& 7Hzl A= B UNAIY 71EA APdoly BE4AQl EAS WASHA aik, JAE AAdEY e
B2 2 A7 AAE 2 dge olsld Aol AAE AAAELS AAIH Aoy, FHH o R g H o] A
= oF "o,
Reo] 49

[0148] 100: #7715 AAF A 1100 ZZAA

130: == 150: FAIE

k1
[N

1
(g
~

110 — | T2 ANA I

130 — | H 22l

150 — | SH

=92
Yes No
FEV,/FVC=70%(0.7)*
FVC=80% FVC=80%

Y\ AN
PANS Kl 8t &0 &HOH H 2 2O EO0H] (=& 801 &0H

C=
H A &0 20K
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k1
N2
()Y

k1
[N
NN

Feature Description
A Inhale exhale peak ratio &7| FM9| 2O £0|(A1)QF $7| FMQ| 2|0 £0|(A2)Q] H|E
B Inhale exhale area ratio E7| MY ol 27| FMY §0|(B2)Y Bl
c Full width50 ratio &7 FMOIM 2§ £0]2 50% =0|0 dTYdt= F A A0[Y FH2|(CNLt 27| FHAM

2o $£019] 50% 0lofl Bt & A Afolo] H2(C2)ol HlE

£7] ZMOM o) 50|19 75% 0|0 Yt £ Y ALl9 2D 57| Mo

iidth75 rati =
D Full width75 ratio 2|0} £0|9| 75% £0|0f sist= & A ALO|Q] #2|(D2)Q] H| &
RMSSDE A|A| @ HO[E[2 A42{Ql 2409 HEFES FYsts S A&
E Inhale exhale RMSSD ratio
&7| FM AFEENY 87| B AFY(E)Y H|E
F Inhale exhale SD ratio E7| ZMO| BEMaISt 57| BMO| BEEMIO| H|g
Skewness(H =)= BT 7122 29 HYAYS £2|33F &7 2B
G Inhale Skewness
E7| FMO| 2| A2 WES $28
H Exhale Skewness 37| FMO| 2| 237 YIS £2|5}
Kurtosis(Y &)= B72 7|£22 2R Y& +2|345t &7 &
I Inhale Kurtosis
27| 49| $EO| RUY FUHE $HSI B
J Exhale Kurtosis 37| 2MO| 2Xo| ROFIF ZAIME 42|33t 2| B
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EH8
Obstructive Restrictive Normal P value
N=10 N=10 N=10
Demographics
Age (years) 61.0£10.7 50.6+12.9 54.7£6.9 0.101
Male sex 7 8 9
Weight (kg) 69.4+9.5 70.3+5.3 65.2+10.9 0.399
Body mass index (kg/m2) 25.9+2.6 25425 23.3132 0.110
Conventional Parameter
Static
FVC (%) 78.4+12.1 61.1+11.6 95.6+9.8 <0.001
FEV1/FVC (%) 62.8+10.9 79.4+5.6 79.7+5.1 <0.001
Dynamic
Tidal Volume (ml) 503.7+90.1 516.3+95.6 505.0+85.5 0.943
Peak breathing pressure (mbar) 14.2+2.5 15.0+1.4 13.4+2.8 0.384
Plateau pressure (mbar) 13.9+3.1 14.5+1.4 13.2+2.8 0.500
PEEP (mbar) 3.0+2.5 3.8+1.9 4.7+1.7 0.241
Compliance (ml/mbar) 50.2+12.0 49.3+8.1 62.4+17.3 0.059
CO2 Slope (mmHg/s) 1.13+0.8 1.25+0.7 1.16+0.9 0.945
Purposed Param eter
Inhale exhale peak ratio 1.3+0.2 2.9+0.7 1.8+0.3 <0.001
Inhale exhale area ratio 1.340.2 2.2+0.5 1.5+0.2 <0.001
Full width50 ratio 0.84+0.3 0.79+0.1 0.75+0.1 0.618
Full width75 ratio 1.01+0.1 0.93+0.1 0.84+0.1 0.016
Inhale exhale RMSSD ratio 1.16+0.2 2.83+0.8 1.72+0.4 <0.001
Inhale exhale SD ratio 1.37+0.3 3.50+1.1 1.95+0.5 <0.001
Inhale Skewness 1.26+0.2 1.31+0.1 1.29+0.2 0.779
Exhale Skewness 0.99+0.2 0.90+0.2 0.82+0.1 0.087
Inhale Kurtosis 0.21+0.3 0.26+0.3 0.30+0.6 0.900
Exhale Kurtosis -0.32+04 -0.47+0.3 -0.68+0.2 0.053
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