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3

O]

3t 22} U EQ A (residual network)E X33}

R
[e)

[0045]
[0046]

=A
T

2}

, A2

BAZ A

3

BAZ7 A

(e}
A&

-

A el A

‘ao

N

L

2

°

]
e

b
=

, AL 2=}

p
L

=
]
Ton
=)

‘umO
B

Aol A
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5

=

=

H

e
[=)

B

Al A8 Az A3

s 9

T
N

T
proul

3
;oT

]

o
A=

B}

ey

b, eH

1K

S 3

7o AFEHa 234

2] 7154,

=

=

3L

e =

&, Ry}

H71 €

i<

512

]

L Ale

A1

TH FAZ T4

o=,

[e)
Mz oA Ry A A (R-peak alignment)

A Al

=

Convolution)
—

]

il

2834 (Up
A

(X1

]
H
= AgHa 2
=

<

o] A2l F=(Limb Lead)
1A 2 <)Y (ordered time sequence embedding, AHE A|Zr<ex ou|d)

o
]
7]

A
<l

=
RS

7]

718 A5a &

o, glY (real)
e 55

[0048]
[0049]
[0050]

ol

~

]

(GAN) <

o

ol
A
1A

el

Fo] AMA - (limb lead)

0|

E

[¢)

o

Holl & GANS

=13
=

[0051]

(<))
A=

W R 33 A (R-peak alignment), ST = Bl AjA~

=13
=

X
L

o

)

]

3

wr

o

(V leads)

A

o

=

o] F= dolE A E(paired dataset)

=

W (ordered time sequence embedding), %+
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[}

=

=
Aol 42 9

H

i
=)
=t

A
(one to multi lead reconstruction), &,

=

=

st} wlA 2 wee) R 93 4% GAN(R-peak

H gE g=
1ojthe) AT

1

o
el

So) Wso] AgHT. B

=

J

A
Al

12, o2 A AT
9 ueprt o9

i<

= =
Folt,

=

=

4

s
<!

S (reconstruction accuracy)’} &£
[e)

A
A

[e)

3+

=

=

=

, ST A|ZZHE (segment) #
A
HE

R

4 delE % Mg 7}

]

=
=
R

=

e
A

=
=

T
a

q

Z
<l

, R¥=a 4
A= e A
aligned GAN)2

2]

(lead) 9]

o
o]
=
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[0059]

[0060]

[0062]
[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]
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sl <% 7”‘E12*X1(D1E/\1)

fr
2l
ofx
i)
-
¥

NEER R

<94 R¥ 3 A 4E(R-peak alignment)ol] s A= 3},

AAEE F714E 7Y A% vbs e e ®sts 7o, g Jddze] de £S5 53 gwe] 9
" K (semantic information)® F&o°| 7}s3dlt}. lsec AARE A5, e 15719 AAE A3E= Aubse +
2 ¥l P-Q-R-S-T BHZ 7Fx|a dt}. QRS AZH17+e] Z(the width of QRS duration, QRS AlZH:+Z), QT

ZHA QT AR 7H7) 58 AARE(ECG) B4 ol Fa3 xFolth, Al¥r=(heart rate)E Ht 70/mino] ™,
ECGE] 8 54 FE& HaAE wl F71d AE5AQ P-Q-R-S-T9 #jdlo] HAEHoloF girt. weha AH-&d &
E(lead) 59X AZH AAE ASo)A, P-Q-R-S-T9 #|ele] Z7te] 9)x8t= R (R-wave) S 7]|EC 2, Rube
A 500ms<}, R¥F2] T 500msE ©]s #(moving window) o2 3le, &, IAXOR 1 F7|2 o, AH= =
< F7138}sle] £ (segmentation)d}Sit.

R F (R-peak) = & 2~ Larg]F(Pan-Tompkins algorithm) S 7|Hto g2 FZHE Y.
(Pan-Tompkins algorithm)< W=u]* ZE (bandpass filter, WY&} I )E A A

%ﬂ e
o
)
5
e
o
)
Bl

N W e

A5 ) olF A A E(moving window integration, =, °]%% UE ZHE)3dlo], QRS ZZ(QRS amplitude),
RR 7FZ(RR interval)ol -5 FEX|(adaptive threshold)E &3l WAoot &, AAE ATE W=y
dHE 74 dydsta dH"EE AdRE ASE vEstd Z}’k A)etar, 24 3719 olE F(moving
window)& 291, o]F Ao AAdE AsE HEst, AEE A4Sl &4 QRS A% THAE HE i@
7}* N zre] A-E A5 E R 9A(R-peak) H o= 3}aL, 1““4 FES QRS FFo 2 39, dAle R J3H 7

1ol
Aol A R IAH Ako]9 A7HS RR 7HA o2 g},

>
B
o
K
>,
2
%

= SoA, RIYIA(Rpeak)E 7]Fo 2 HAZTE 500mse] A7t 7HES 7K+ A3 H 1sec AA
CAA 4?_] 1 719 AAdE ASE 7= 1 dE39 AA % (one epoch ECG)E A 2]3tt}.

RI A (R-peak) & 7|2 4 (segmentatione)std AAE 25 E a2 13 o] Yephda Q).
T84 1

Eicq,..n ={xp7125‘ Xp—124, """ 1 Xp—1, Xp, Xp4+1, """ » Xp+123, xp+124}

o714 B B43tE 1 olET9 AldE(one epoch ECG)E YEFH Z 250 AldE AME(

o] AHE ARE 7FAA U}, x,v PHA o2 9] AXE Ul 2 A& AHE 235)E Y,
9] Al%7} Rpeaks 7HE dwo] AMES YERAY. N& oA (Epoch) & YERNH

= =29, gk Ei= R 93 AE 24 (R-peak alignment segmentation)3}g

A<
T
3 AAE=e]l olu]AH M (semantic information)E FA|¢t}. =, R I35 V|Fo=w 44
Fow ALY AITEEMN, RE ox3 AR —‘é—% A= e o] o] A H (semantic
information), &, P-Q-R-S-TE 7}FX]aL UT}.

sample)S 7} 1sec

]_

JIN

e\t
r_>.i ox
b

nz
>
!

2 dtgo | RI A (R-peak) & 7|Fo.2 AFZ 500ms] AlZF 7HAE 7HX= BE3E 1sec AHE 2159l 9
A9 AAE AMZE AE3e FH(EANES, R J=2 FE FAH(EA) ol g,

5
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[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]
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<do]E] 7 (data augmentation)>

GANS olm]x|d] A 3}E o] glomz AIZF Zrlel A& (time domain signal)olle] 2-g&o] oje -1, AlZF Z=mel
(time domain) A%l HAHE AEE GANOl HE&sl7] HsiAE 249 AZAHES B3 deoly &4 (data

7FA] e doly gge] dasith. 94, AXE A&7 GANS
Az E 221 T (bi-dimensional space)d] A& & W3s}l
Wl el AAE A5 2419 ¥ 4] AAE 4

A

Q
ol Aol Aldr ATl 250709 BES zh= 1 o E3 AAE ANETE, 256x256 sized] 2
T2 W

olmf, 23} FIHe] xF 2, R AR FEH dxae] AAEGY] AVDE YERY, &, dxa Ul 7 A&
o] AATEAFTY S Yehdr. 2xY 37 yE2o ot B AAA AWy (ordered time sequence
embedding) ® HAE AEZZ o Al EAAQ] AFE 35 HARE 7Y, &, 223 T3y yF2 7F o2
a9 A A (S, A AoZ YERR dxae] £4)E JERdYh. wEbA xF3 yFolA B Az u}
2 ARE 7EIt. o7]4 PIB HloJEHAEE 2% oo e A= FAEo], g W oF 120 /9] o|xA9)
Az AAE NS 7P F o, T3, AREE A7 2EQ AEolER =X (sequential) HHL FA|
7t 83kt

<, R ¥as AdE dxad AXEE JeERda, 2xd I3k yHE 7 o
= A AR JEES HEsts A4S, o= Bl AlAA Y (ordered time sequence embedding)
e 9= B Al deY ZA( yehekl, m=g, 2 wolx, R 33 AYW A (EA) 2 Y= E
A AR duE A (AN E Fate], AFAEE &S Ak AEHAG (DA g}, T3k, of7]A, R F
= 3
o

A4 B (RA) L 2HE B Adx QY (RS AD A5 AFIFY 9PN &+ 9

weta] BAsE AAE AFe of= Bl AlAA dWlY (ordered time sequence embedding)S E3] Alzlkel
2 4HE At dlolE g4 (data augmentation)s X},

(epoch)E 3701 EA}(copy)ste] A& B 7F(linear interpolation)dtc}. o] wa} 12070¢] o £ A (epoch)E 7}
1= A9, 360 o EF(epoch)®E o EZ(epoch)F 7} 7k}, H3F, 256x256 size®] bi-dimensional space®
Wmehsly] a8, 250 samples 7} AlEZ=F, =, EdAl, UHA 6719 AMES 002 stofA, 256 MES 25

e, ol% FoAoR tEhY, #8425t g,

N

d

54 2

>

[Ex,yzl Ox=251,---256,y:1
S = concat( - - )
IEx,y=3x1\l 0x=251,---256,y=3xN

of7lA, SE g Wl AZdE]l dolE (healthy control data)ollAd = € AR~ dWiY (ordered time
sequence embedding)® AHAEE YERIH . 3NX256 size2] doJglolt}. N& o] ¥ T (epoch) & YehH, &
NEZAE 3/ HANcopy)ste] AFngretnz | AAl ditel AMSEw F o XA = 3NX256 Zfo|th. uhEtA
BA A% (interpolation coefficient)7} 321 79, 256x256 sized] 2xFY &7F(bi-dimensional space) W3S
3t7] flalAE Ha 18 2629 dHoE7}t g5x ook g},

ALg3l= PTB "HolEIAIES A7]E= GAN RdS 85 (training)3d}7]o M= (sample) 7} S8E35F#] &}, whahA
MEZ o] A (argumentation)S 93 HZF(interpolation)® o|ZAE 3R ol%(moving) A TE 2319 &
ZF(bi-dimensional space) W3sle] AMEZ Fh=, o]t AEZES FEIINT. Wk Y AAE dolH
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[0082]

[0083]

[0084]

[0086]

[0087]

[0089]

[0090]

[0091]

[0092]
[0093]

[0094]
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(original ECG data)7} 1209 o|¥3Z 7IA+= 2§, 360 ol¥3= HIt(interpolation)®H™, ¥ o]F
(epoch moving)oll we} 10571 AE FFo] 7hssith. ol& F3H2 33 o] Yeld 4 Qt}.

784 3

Number of Sample = 3 X N — 256 + 1

o714 N2 & Abgtg 7px= ol £ ol

-

olg1gt Ao 7 TG, A FE AT (R, MLII lead?] AlZ)9F FHFE(V leads)?d AEE 23 37
(bi-dimensional space) A&2 ®W3sly, WM3td Zrzte] FHFE ME(V leads sample)S AMAFE AE(<
2, MLII lead sample)™ o2 FAEHW, o]Z GANS St5A17]7] §3, JHo =2 ALgHT),

< dlo]E] A E (Datasets)>

2 gl HES 9% AFA, GANS gsAz e, GANG 5A1717] 93ll, IR Y (physionet)dl A A&
&= PTB(Physikalisch-Technische Bundesanstalt) HIo|EAE F AZ3E Al 529 dlo]g &S AME-3}9t}. PIB
Ho]HAELE 28 u|ute] AHE do]HZ FF AMAF=(standard limb lead) B F% +=(chest lead)2] 4]
AEEDE 25 E3sta ot o] F A3l AHed A% dvolee] A= 2l=(lead)s= MLIT 2]=9} V 2
Solt}. U(original) AAE dolE= MEH EX(sampling rate)”} 1000Hzol™, o5 250Hz= o} MEH
(down-sampling)3le] AF&3FATE. F o]l 70%: <52 93 dlo]E M E(training set), 20%c #HETS ¢
gk dlo]E M|E(validation set), 10% 23 HAEEE 93 dlo]E A E(testing set)2 AFE-3}3IH.

<A A A A7) X (GAN Architecture)>

O

2 o] GAN(Generative Adversarial Network, A4 Adl AAW)S AHE =& WA Ak LﬂEC’J
FA(residual network)E *E38sl= XA 7] (generator) 9}, Y AA= g=o IR} 7MHE TR
7(discriminator) 2 FA¥ ™, AAFEAE Eﬂ"]‘ﬂ*ﬂ‘zg} T E HolHAETL A& olF=, e Eﬂ ]‘3
AE (pair dataset)s &3 &, GANS A5 ZE(ground truth)¢t vl s & AdsA st A5
&2 (reconstruction loss)d, R Eolﬂ] 3l Az &2 (adversarial loss)E Ed, g&dU}.
GAN2, 20173, o}7}o]H. XX E (arXiv preprint)o]A] Isola, Phillip 5o 298] ¥ ¥ % "Image-to-image
translation with conditional adversarial networks" GS&olAl, @ ¥Xd 7|2, JAHs AH2 At
o}, 2 dbol A A}g3 GANS] G-Z(architecture)®F Zull7l ¥ <4=(hyper parameter): HA3E s 7|& o
TEANA A WHS VRt R FA3GIT.

E3], AA7](generator)= AEHOR HAHE FX5}7] 98] 9-block T2} UIEY A(residual network)E A}
|3l FAsIATE. AR WEQ A (residual network):E 2709 3X3 ZE Alo] = (filter size)$} E]—‘I‘E“E 4
(reflect padding)S A&3F A F AlEE(convolution layers)S 7FAaL, ZEF A (convolution) & wijx] A
TF3k(batch normalization) 8L Alvd. w3, AWHA FAF A=S(convolution layer)e] ZEA3} k4=
(activation function)o2 A3} A& FUE(rectifier linear unit, ReLU) 7} AF&¥Eh, A3t 48 FY
E(ReLU)+= He, Kaiming %5°] 2016'3 IEEE®] computer vision and pattern recognition® st&tf3]ofA 73+
"Deep residual learning for image recognition"o] /o] U= 5, e FAH 7|EE2, 7|4 A A
o AeFsitt,

01

7] (discriminator)© | X](patch) GANS A-&3le] R¥ 4 HAHH AAE Fd W AF JHE HF3r}.

A b 62 GANG] £ (loss) & T Aol

5
%
1>
I
=

A FHFE A= leads sample) ¥, GANS S8l AP FHF= AES (Ae]) Al gkel ol 2(Li(6)=
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[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]
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#2914 4
Ll(G) == IE[”R”D - Gv”l]

°1714, Rv

T FFAE AE leads sample), = GANo|l =3t FH A% AAE A5E YEY, Gve GANS
Eal AAAdH

PR AZ(AAE 215)8 Yepdd

71:58] GANOl A =48 ok WAloll mhE, GAN &4 (GAN loss) (Lan(G,D))< =8k2] 5ol osf -3},

784 5

Lygan (G, D) = E[logD (Rpsp11. Ry)] + Ellog (1 — D (Rpspi1. Go)]

2

714 R MLIT g=o] AdE BZL

o
23
o

= £2(Loss), THA L?3‘H, 2
Z7 GANS 3 ARAEE FH

G* = arg ming maxp Lygan (G, D) + AL,

T2 49 AA FHRAFE MZ(V leads sample) T GANS E3 AYAE FHEFE AZ9 (X9]) A 39l ol

E &2 (GAN loss)E Hshe] Axkalct,

e kA 45 B8 dloly #Hlo](data pair, %S o]F dlolg)e A (pixel)lo] wE A+FH
VS AAbsle] @2 FHA3b(error minimization)E R3] wjFo] 7]E GAN g

= & 7HT.

NSRS
o

H 3
gl R I3 AE A

w28 B wwol A ALSH RZ 4 GANe] AwAel T2 Uehin, ® 38 % 29 GANS] A4V Ae
7 g Bewew, ® 4= % 29 GAN| WS AWa] 93 BEwelth. o714, E 3& % 2¢] GANY
NS S EWel, ® 4% % 29 GANS WS rje wwold

o}
T 2004 MLIIE MLIIE AZHE AAHF 2 Yy, o2 B g 3-A4slr] 93k AL oy
o]

o, AAFE A= AT F
&= 29 (b= R I AL S, 2= B AdE duE @AE A AHEASE YE.

T 291 (hellA MLITE, R I3 44 9 $, 2HE= 89 Az ddd oA
UrE}lH , V1 UlX] V62, R 93 AE wA F, 2H= B Al guld
UrE}”]EP =, & 29 (b=, R 93 AE dAE AR AAFE AAE As 2 F3RFE
H] olE1 &S F3l 256x256 sized] 23 FZF(bi-dimensional space)?] ARAlFLE AlALE Al
AT 252 HEs AL Yepdt, gAEsE], AAEE AAE A5 2 FEFE AAE
2 7Y, 23 el Ale® HEE ZF o|xT9 AAE AFE, xFS, 2500z MEHEHL

)
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[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]
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Zb ol A= Awe] A718 yehld, yH& 7 ol AbE &M E HERiT

T AZe FHAE AT 57 o2 REA AE GANY J=HH o GAN
S ¢, A7) (generator)et 7] (discriminator)”}F T+
AE GANoll 83l FHEFE AAE A5 E F2(HA)EI

v 4™ GANOl AR A= s A, Ry Y GANS] A7) (generator) H-E -5 A

=29 (¢) ¥ & 3& GAN® A7) (generator)d] +%5& A3},

A2 ZEFH (Convolution) TA(SIINNE, R 33 AE A 2 orc < AA~ dud A

Y F(E, oA FED Y AAFE AAE AS(AZ, MLITY AAE A15)7F GANO ==, Slgd 2344
TS, olv A FED O ARAFE AAE JEAAN FEFAS AT, A1x 2E5FH &

= =
T o

A F(layer)olgt & 4 Qt}.

dmxlog ZEHZA(Convolution)d AL 7149 (Kernel)o
ojt}. &, ZEFM(Convolution)S 718AYE ZEFH 74

ol A) 2 FE AY Ato]z whE JpAepA olm|X] #xe} &
(stride) g L EZ 07 o]FsHA ALkslc).

o,
offt
ol
o
g
X
o,
=
D)
=)
o
09
e
ox
Mo
o
=
a2
ol
ol
rlr
i
ol

A1z W2~ E3 (Max pooling) ©HAI(S115) &, A1x} FEFA

oA W E3 (Max pooling) & AAkett}h. A1z} W~ 23 dAl= A1e] W~ &
At o g w2 E3(Max pooling, Maximum pooling)2 A% 379l YE (S, window)ollA HzS 2= o
7194 d 2EZo]=(stride) THF ol &stHA AEI.

d

¢

A2zt ZEFH (Convolution) TAI(SI20)E, A1xF WA Z8 TAE AR AAGE AAL ANToA ZEFA
S A3t A2z FEFA A, A9 2EFA F(layer)olgt & 4 Ut

A2z W2~ F3 (Max pooling) ©AI(S125) =, A2z} FEFA GAE AR AAFE AAE 250 B F7
(Max pooling)S AAbett). A2} W~ E¥ Gl A|29] W F3 F(layer)olzt & 4 T},
ct

N

A7IA, A1x ZEFAH ,
2 oma ZE2y AT & 5 Q).
A1 ZA2HE-=(Res Block) ©HAI(S130) 2, A|2x} W~ =

2
(6]
Block) Toll &= 24 &3 g7t 485 =4

I

2
it

HAE AN AAFE AR AS7E A1 2SS (Res
il

22 (Res Block)¥HAI(S135) 2, #11 ZAE2 GA| (A1 B2 Z)o] gdAd 25, =, A2x} WA
& AR AHFE AR sk, Al ZAES AL AAEE F)9 8 ASTE FAdEe], A2
F=5 (Res Block) Tl 485l &4 @43} 571 4850 &€t
=
i

N
2 L
B

Al3 A= (Res Block) DA (S140) 2, A2 &5 @A (A2 Zaks
AEA Az, Al s @A 9 Asrh dabd As
)9l =9 A57h gakEo], A3 A= 5 (Res Block) ol 4= o] 24

ofN L
N
1o
4

]
ox
ot

o
¥
N
2
oo
i,
9
i
i)
it
Ex)

W
Lo

i
)
iz
e

Res Block) @AI(S145) 2, A3 55 GA (A3 AESF F)9 d89d A5 (5, A2
Azef, A2 FAEE A9 &9 2ot ik Al

[e]
o
B7b o], Al4 AR Res Block) 3ol 9esel 24 B8 W57t A8Ho FYHt,

N

o 2
oe
i)

LD

]

S
e

1A
r

o
N
)

o o
o
)

i
R ﬂ
120
fol

Res Block)©@AI(S150) 2, A4 FAEZ2 GA (A4 AAE
o, A3 FAEE wAle F9 srt ke 4l
1

off oL 2
N

B ot it
*
2
s

o
—&
il
S
a0
X
o
)

ol
24

7}
Res Block)@AI(S155) =, A5 Aake= GAI(A5 AtE

Aok, A4 AAEE dAe] 28 As7r datd Al
7F @akslol, A6 A2 (Res Block) 5ol ¥ ¥ o]

o], A5 FAEZ(Res Block) Sl o

S
e
1A
fol

N
)

Lo
o
i
R

)
L Als AR
FH5 57 A eslel 2,
Yol AAA B (F, A5 2
C A6 AAEE WA (A6 2

o

OEEES
=

(e}

e

N
fo ol

)

B for i

ofN L 2
oxl

®
ol
)
>
fol

i,
> e

A7 FAEZ(Res Block) WA (S160) &, A6 AxFEZ A (A6 ==t
Aol dHA Az, A5 FAEF WAl &Y 57 A

ofr

o ol

)
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[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]
[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]
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Z)el &9 457k GaEe], AT HALERes Block) Fol GeHe] 24 4 F571 4850 FHn.

8 FAHE5 (Res Block)@A(S165) =, A7 TAHES @A (A7 AAHEH
AL A Aze, A6 AAEH A FY AlErh ke A
e &9 Am7h dadse], Al8 AAHEE (Res Block) S0l 9# o]
A9 AAFES (Res Block) ©HA(S170) =, A8 A= @A(A8 =5 ) A=A A5 (F, A7 Ax
WAl dHAd Aok, A7 AAEH WAL Y Asrh ke Al
e &9 Amrh dadse], A9 AAHEE (Res Block) Sl 9# o]

A9 AAEH AFAE FAGASI72) 2, A9 AAEH A9 LS )] g5
deEd Aok, A8 AAEF WAl ¥ 2erh At As)et

2
©
2
By
iluA
d e
au o
X,
<
2
By
iluA
Ji

Al d AEFHAUp Convolution)FA(S175) = #|9 FAESE AEAs tdAle 284355 o AEFH(Up

Convolution)&tc}.

Aty oz ¢ AEFM(Up Convolution), HAX AEBFAH(transposed convolution), YAE
(deconvolution)elgtiik EE ™, ¥ oA Az JA 54 o] glo=z AY(HH)E L35, A
el = 5AES F&53.

A2 4 7EFHAUp Convolution)TAI(SIB0) = A1 & HEFH dAe &3 E tA 4 AEFHAUp
Convolution)& #3laL, ol&A 4 AEFHAHAN A&7}, 229 T F5 % AAE Az olth. o7]A
=49 239 ¥ 2 ot= B AAXA Ay dAZ AR

e FH = AAE ASe, R Y3 FE W

Az AHEA(S205) =, GANS] A 7] (generator)oll FHE APAfFE= AdE Az, A7) AMAFE AR Al
S5 Aol w2k GANS] A7) (generator)ol A AAE FHFE AEo o], A AR NI EA GANS
q

g 4 G
7] (discriminator)o] FHEH, gk Ao AAFE HAHE 259 Y FHAE AR ME(F, &
7] AAFE AAE AEet sAd SAHE FHEAE AR ASe, U] AAFE =
GAN®] #HH7](discriminator)o] Y& HC}.
A1z ZEF4A (Convolution) ©A(S210)%2, A&
ZyZyo| A FEFHE s},

A2z ZEFM(Convolution) TAI(S220) 2, A|1xF SEFHGA NN EHE ATE oA FEFHAE Y

A3z ZEFM(Convolution) TAI(S230) 2, A2zt ZEFHGANAN EHE ATE oA FEFAE Yt
=

A4zp ZE5FA(Convolution) ©A(S240) %, A|3x ZEFHAGANA E2d ANEE oA TEFHAES Pt
=

A5k ZEFM (Convolution) TAI(S250) 2, A4z ZEFHAGA NN EHE ATE oA LEFHAE Pt
=

FEGA(S260) 2, A5 TEFAGAANA S8 A AAE A5 2EFHAZAY, 9 AHE 5o &5
FAANRE vluste], A AR AE7h, 9 259 2 2%, F, FY(real) AE(IR 215, 1AA45)Q
A, ol A ANz tE AE, &, HolA(fake) AZ (UM E, 7MHAE)AA S Bk,

o714,  RI3A AE GANY Sl(training)S HYa wix] AlolZ(batch size)E 1= AAsIe] wlyu)x]
(minibatch) #&E7% 7]&7] Z3}(stochastic gradient descent, SGD)E AF&& 4 dom d&&(learning
rate)= 0.0002% AA3ste] -5 HHE o3 (adaptive moment estimation, Adam)S E3 Zvi7)| W<=(hyper
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[0145]
[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]
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parameter) ZA3E AP 4= U},

<37} (Evaluation)>

£A, #7184 dole|A|E(Evaluation Datasets)ell thaf A3t}
2 oahy AMFZALIT 2l2) AlsoA, FEFZ(V leads) AZ2 545 &, R ¥3 AFdA, of=

2 s)
Bl Al dWd e, AR FE AHE 23 2 FEAE AAE A5 FoR o]Fold HolHMEE AMS

R 93 A E(R-peak alignment)S HA%E 3jele] on| A H (semantic information)E FAAAFE IS 3y
ole] F8AdE& &Iyl At R HA(R-peak) & 7|3} (synchronized) A &2 A& H|sTh. H3h,
AHE FAZH(long time) ARE WEGsl7] 93te] 283 22U = Bl Al 9 (ordered time sequence
embedding)oll g+ &%S &RlIstr] flste], WY U¥ld (random embedding) ¢+ 759t 3Fbe] o] 2 (epoch)
2 A4 d¥d (embedding)d A wlwslet. ma, oz o]Folx HolE M E(paired dataset) AFRE]
TS 2] flete] B(pair) o2 o] Fojx A & HolE el td A4 (generation) & 3= ApolE 7
(cycleGAN) Edllel] A&t Az}, & o] A-gg Aol v usgitt.

2 oA ke fE AFEE WS, AAE, R 93 AU AX= R 3 449 ES oWlE (R-peak
alignment time embedding)(©]3} RATE 2} 3) WH, A=, R 93 JHIAE AXA oA R 3271 AE
HA g2 R 33 v]gE B AWl (R-peak unalignment time embedding)(©]3} RNTE 2} 3) WH, AAZ, R
Az i FAHlong time) BE7F W (random)dkAl 40 AHE ASE A&t Ho“ilii, R¥ = A
4 9y B dlold (R-peak alignment randomly time embedding)(©]3} RARE &} ffL) U YAz, R YaR
Alzrel whet Jdsta shbe] ol (epoch)®E AA W (embedding) ¥ A-5-¢] AHMEE A&t HHo=,
R 3 A& 9 o E3 Uud (R-peak alignment one epoch embedding)(©]3} RAOE =} f{})
ZGAN(cycleGAN, Turning Fortnite into PUBG with Deep Learning)el] Z-&3}7] ¢t W+
45 R 3 AE Y UM P (Rpeak alignment time embedding with cycleGAN)(©] }
ATk oo, F 57FA] WRel| wt HotE FF FE=(V leads) AAE AE AFAE 5.

o2& B odwgo] Hryte] A3k F3 H7EA E(Subjective Evaluation Metrics)ell thajA A= 3ic}.

2 EHe] FrldAe AdE 55 A#AE vlaslr] st F3F @7 E(subjective evaluation metrics,
SEM) S =7433lth. SEMS GAN =d& o7 St AR s Heolw F(image)
o] dup} Hl=sHAl BAEHRAE=A Brtalr] s AFSET. I A (Inception score, AZAT, 7HAIASG,
IS+ 434 W(inception net)oll BAE o|nAE dHste] =¥ %S AelH (quality, ®2)3 Tho]HAH
(diversity) & 7|2 B7lste B2olth. IS7F 5% AdE 597 2898 9rsta, BeE 2 449 &
7HATE ISE Sote] A" AHE G em A gg dss SA gt

IS Zdlz(class)oll et 22 shvte] oAt s = A5 &A% A (nisrepresent) @ & o] WY
(overfitting)ol W3t HdLS 71T, webd +%22 FAM] A4 (structural similarity index, SSIM)E E3H
omA] 2+ FRAoE dulp {FAFGHA] o] i FAIEE S5A5EITE. SSIME W7l (luminance), T
(contrast), FZF(structure)® w2 YeRH 19 7}77‘}"’\i LEZ 7Aool TS o2 AlA
T 9vAKR (semantic information)& 7FA|al o2 Z FZ(structure)d FA7F FL3sich. waka] SSIM

3l AAdE AR g dis Hes éxﬁ;}u}_ aukd oz SSIMAl Al 8r7) (luminance) W] a o] #H$-,
Aol FwdrlE Hlust, ZEZAE (contrast) Qv ae] A5, o|m|x| o] HEHAEEES oln|A|9 ZE
contrast)® afH, F o|n ¢ FFHAEHS WL, :rLz(structure)J Hlae] Ag-, Fx5 on|A]
U71E WS, FEUAE FolFo] -3kt

A7A H7F A FE(Qualitative Evaluation Metrics)ell thal A sk

é&‘i-{ﬂﬁ
> o I T
oﬂ[ﬂ\?mlm
[‘:Ll =)

o
rlo

e

A7 H7} A HE(qualitative evaluation metrics, QEM)2 H78H AHAAZ 259l AA AAZ A

A)9 ole] 5A AiE vehlls A xoltk. oomARFYH FEH Al 1Y AAdE Ase AdE 14}
4 AHE 235 AR AEE Fetelr] ety QGEME AFEETE. AMEE A Ee WESE Hi Alw A
(percent mean square difference, PRD), “&¥# #AlF(correlation coefficient, Corr), & 2} A
(amplitude difference coefficient, Amp)e]t}. o]7]4, PRD= 4 A A= (original ECG, AA|e AA=)el A
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[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]
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J¥l A H %= (generated ECG) ] Alele] olE|& SAse A&E ot o7t Z&eF 45 571 2 HAS
< ou|gtt. Corre ¥ AA=EAY Ad=)e AHE AHEY FAME S48, Awpe 7 259 %
At(amplitude differences)& SATTh. #3827 YA ¢824 9= 247} PRD, Corr, Amp®] F2o|™, N& HE
F, Rve AA(AHe) FH=( leads) A&, Gvio A7) (generator)dlA] AdE FHB=(V leads) A=

5 o,

74 7

Z?[:]_(Rv (M)—Gy(1))?
IN_1(Ry(m)?

PRD(%) = 100 xJ

84 8

{ TN, Ry (M)XGyl(n) }
Corr = i
(EN_ Ry 2XEN_, (6,(n))2) 2

74 9
_ Zg=1Rv(n)><Gv(n)
AMpP = 175N Rym)? }
= 52 B owyo HyE 93 Ao, FHAFE(V leads) AAEY 23Y T4 5 (bi-dimensional space)®
o] Wgksl Axjo|r),

=59 ()= R IJa AEdIAE AW FHr=E Ad= = &
()= RATE (R ¥]= A e duimd)el o s A48 Ad= NsE 22k

Aspolr},

T 59 (bhER IAI7F AEHA Fe FRAHFE AHE AFE 239 TR ¥k dyolt, & =
(b)== RNTE (R ¥ =2 v]E eld dulidd)el 93t alS A8k AR A58 239 8= Wskst Aol

% 59 ()= R FJa= Fdso] Ad¥, FAZH(long time) BX7F AT (random)3HAl 4191 FH-F = AHE A%
£ 22 SRS R WEd Adelrt. ) = 59 (c) RARE R AE A B o)l ofgh A<
283 AHE NS E 22k Mz R Mg dajolt),

= 59 (d)E R Y3z Ao wpe} AHEa s1}e] o] A (epoch)E AA Aw| W (embedding) 3+ 2 %9 F5-7
T ARE A58 2xY s wEsk daoltt, = X 59 ()& RACE R¥A AE o ox= dud)el
ot WAls AL AAE A5 E 22 FHAEE HMEs dijoln

%= 5+, RATE, RNTE, RARE ¥ RAOES] #H#% AAE A5, R I3 HEddA9, 2H= B Adx dud
gAle] Ag ofyel uwheg}, thE ojwA|rF AgErE. WshE AHEE 256x256 Aol elux]ojtt. Z} o]m|A|
= 0-14}e]9] o= 7 A3 (pseudo coloring)dbste] X &S SATH

RATE, RNTE, RARE % RAOE®] &¥-f(V leads) AHEE, AXFEGLIT lead) 25 E AHE FHHE AAE
Azsh, MAFEOLIT lead) HAES 42 o] FE FHAE AUE A5(Z, 9 FHHE A% AF, 0
wal, 47 AAFEAAE AEeh BAlG] FHE FRAE AHE AF) BE] 4gA0

% 6 RATE, RNIE, RARE, RACE % RATECS] AMARE AARE Ba 28 FHa% 44w A&sh 24()
FHAEW leads) HAE] Wl o F heban,

L 69 (a)= AAFEOLIL lead) AFES} S olFv 572 AR A(F, A7 AHAFEAAE A5

b BAlo] #HE FRHGE AAE A5)E bt
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RARE®] Ap=

L
o
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Aew R Ia 44

5

62 (d)
§l_

=

13

Eu
gul

=
=
o

6] (f)= RATEC Hh2]o|

j
a

o},

ZAAM(visual inspection)d A3}, = 69 (b)9

}

Eu
pul

9

RATE®] A}A|

L
o

52 ek,

62] (b)
RATES] A}A]

ju
-

[0167]
[0168]
[0169]

oo
o

o

<

< =, RNIEY] AFA

7

= 69 (0)9

o (a))st 2 Apol7k A HFE A

;i

&%

ER S

Az

2]

(=69 (a), &

o} o] R ¥A7} A7 B

<!
1H
</
<A
1H
oF

o~

[e]

RAOE®] A}A]

=
1

8, & 69 (D9 (e)9]

Az, Q-stel s-vel

v, &= 69 (£)9] V5, RATEC

kS

.

62 (e)9] V5,

(s}
Z (amplitude)o]

1

S
A

==
K3

(e}

P-Q-R-S-T 3}

ek

Me
=
=

Al

Wwor & 69 (¢)o V6
RARE 2 RAOES] AFHA

951 A Z(peak amplitude)o] H}¥ o]

RARE, RAOE, RATEC®] A}X|
V6ol A,

[0170]

fofo

FA -5 ATk, RATEC

3

Eay
o~

Az)ek vl

(V leads)

-
o

ojn

10w AA 54 FRFE leads)

5]
<&

73

ZHoz 7}

3

827}

S|
|

1.52
1.10
1.27
1.17

ol 41 RATE '3

V6 Mean

=

o+ Axjolt),
V4 V5
2E g

3

i

k)
w

(Subjective Evaluation Metrics)ell o
¥ 1
V2 V3

it

vl

1.70 1.71 1.72 1.82 1.64 1.57 1.69

.11 1.08 1.08 1.12 1.09 111

%717

RATE 0.92 0.93 0.90 0.90 0.94 090 g7

RNTE 025 023 0.18 021 0.33 0.07 g¢og

SSIM RARE 037 021 0.14 017 027 0350 (g

RATE

RNTE 1.76 153 162 149 144 127

RARE

RAOE 091 0.87 0.86 0.89 0.81 093 gg
RATEC 0.58 0.65 0.72 0.65 0.79 0.78 0.70

olu] =] 2] 1S9} SSIME]
RAOE 1.22 1.26 130 137 1.19 1.28
RATEC 1.12 1.15 130 123 1.10 1.11
ok, V1 gl=2 A9

o

ol F3t
A

71T, V1 o9

IS

~
R

(3]
=4

=

A

(bold)
&)

=

p=h
=

=
=

7b Ao daEA

(¢}

]

3

_8_
A A

e

[0172]
[0173]
[0174]

[0171]

RNTE <]

= =
A

=
=

3

7 =
AT

L IS¢
Boh ok 0.76 =Uf.

]

—~

ol A

=

V2, V3, V4, V5 €
- 923 -

L
.

]
|

WERE, RNTES]
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[0178]

[0179]

[0180]
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RARES] ' HgAe) A% RE FV AmoA Y Re 5% EEARE 7

)

o}

E 19 FPHEW leads) AAE A5 7 2=, F, VI = WX V6 EolA] SSIMFES fAR A5) 7

& &8 E=boldAe L4835, AFAon A8 SNE M P8 AEA7 6 A=F A4
@ BE dEda b Be g2 /Mt RAIES P 4849 RE fsi 0.9
Ko V6 S RS Y ASART 0,905 F8 4% e Gem FrAe
W AEAE A e el wal b wrh Wiz RVIES Wd 849 SSINE RE EeA the
MpE w|wstel We gk A 53, V6 dmelA 0.072 4 ke g b,

T 2% H7F AdolA e A= olux] 9] 1SeF SSIM ghell tht SA Aot

=
&S]
o
s
14
i
)
oo
M

¥ 2

IS SSIM

1) pwalue df | MS F pwalueé
RAOE  RATEC| RNTE = RARE | RAOE RATEC
23393 00001 4 | SL613 18874207 <0.0001 |
| [REBL & | o
19| <0.0001 |
| p<0.05
5| <0.0001 |

5| p<0.05 péo 05

p<005 P oo% p<0.05 | p

24755 <0.0001] 4 | 82270 1'5'44'7'015"%66661";
p0.05 p-0.05 | p<005  p<0.05  p<0.05 | p<0.05
| 9.651 <0.0001) 4 | 114190 45666.400 <0.0001
| p-0.05 p<0.05 | p<0.05  p<0.05 | p<0.05  p<0.05

ARE zZhzre]l FRFE(V lead) AHE AFo] thale] zkzbe] RATE, RNTE, RARE, RAOE, RATEC 4ol o)A
S gelsly] st d9 #AF 4 (one way ANOVA) 7S Aadste] 1 29 2 AHE Adt. 7 PAE T
& AAE MZEEE A" 1S9 SSIN HES Y Bak 24 (one way ANOVA) Ao 2oz ALgairt.

g 53l

wek, zZ 28 (group) 7HY ngvF ZomE EHEU A% AA HAE(Baonferroni post hoc test)
RATES] H}2]o], t}hZ w}A1(RNTE, RARE, RAOE, RATEC)¥} ®]atdle] #-9J31x] &e1stgit),

IS¢} SSIM 25 U #4F 24 (one way ANOVA test) A3} Fol3S &latth(p<0.0001). &} 1S ] 4=e]
A1 AP A4 HlZE(post hoc test) A7 RATES] #2412 RARES] WA= {28 xfo]&= 7R A 9H(p<0.05),
= (lead)ol we} RNTE, RAOE, RATECS] ®HAl3l= f-ol8k Zol& 74X %= A97F k. 53], RATEC W29
A 7S Be gE= V2, V3, V4, V5o AgolA foletA] Ut W E SSIM Aol A= AFE AA HAE
(post hoc test) A¥} RATES] WA o] e ThE A} 523 Ao)7 AtH(p<0.05).

tee B AWel AsEA dojzl A%

‘l

37} A% (Qualitative Evaluation Metrics, QEM)ell thall A 3ic),

¥ 32 R 93 7% AH(R-peak structure alignment) Wiol] wel WAHE AdE 239 QEM ZAxo|t}.
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[0183]

[0184]
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VI V2 V3 V4| VS | V6 |
' RATE 432 547 446 840 7.87 | 12.76 | 7

(RNTE  12.58 40.82 54.73| 53.84 | 76.04|
IE;.I]) RARE L4 752?953934 46.72 5_33.94_;
'RAOE 650 1447 1546 20.88 32.74
RATEC 2765 40.50 40.93 4482 34.16
RATE 100 100 100 100 100 099 100
RNTE 093 | 093 091 088 078 070 086 |
Cor RARE 099 098 096 096 096 097

om0 Tosw | 0ow] os7 T asrToss Toss |

RATEC 097 | 096 096 094 095 096 096 |

' RATE 097 101 0.99  0.96 098 102 002

RNTE 067 | 089 099 086 087 021 |
Amp RARE 094 105 099 092 095

T i e T T

RATEC 090 100 084 061 092

PSD (percent mean square difference):= AA ZAHE FERFE AFAEAZT AAE FHAFE AATATO ©
k(e e])olm2 7 ZAE #HE B (bold)ARE FEAER S, Corr (correlation coefficient)®} Amp
(amplitude difference coefficient)¥ 13 717+ #eS B (bold) A= TAEATH. =3, Ampd 3 (Mean)
2, 13 Ampzk 2Fo] Auigtsel Helth. =, Ampe] Hi(Mean)S, 1914 Ampgts W ke Huolgts A #E
o] Hitolr}.

RATES] "} 8= PSD7F Ht 7.2%2 79 e oy &S 7174, B3], RATEY 92 HEA]9 V1 =7}
4.32%% 7V olE7t #on Verl 12.76%% ol#go] 714 Ht). RNTE/I Wl A 8Al= Hy 55.51%%2 M =
< dE&s 7). o] Rlolike] Alsvt HRE BEFE:= Zlom F ATE. RATEQ] W4 8= V2 2
oA 40.82%% 71 e oE&, V5 FTolA] 76.04% M e oe&S 7FUE. RATECY] W A EAE

Aejgk gt 7-9-oll Vi v29] o2l &2 Voot V6ol ol & Ht)

Corre] ZAS-%, 9A], RATES] W2 HEAle] glFEe] oAl 1o] vsgkon V6 =9

au A g dylel BAIgle]l BF 0.70149 w& FBAS JHAT. —E—%l RNTEA Ll

oA 0.95 o]9] Corr #< 7Fth. Corrd] A= 9A V 7

AmpE FZ(amplitude)®] 7] H]E AAFE o= RATES 2] Z-gAlolA He 0.02¢] zko]= 7Fxit}. RNTES)

A Hgaele #Ha 0.212 7FF Amp X7F ®o] wdth. 53], RNTEQ WH] HEA], VidAME s 1E
(e}

_|1N'
ok
-1>

I3
=
3
o
rlo
oh‘, ﬁ l
N
=
—
J,‘_
—
I
o

(amplitude)©] 70%= FolEW VEolA = 1.59) TFHEo] s & 4 vk, RNIES] WS v WA &7 ¢
aske], RNTEQ] wWhale] Viel Ald [EFL 2 B9 Ald WZo] oF 70%0]om, V6o 4ls [AZFL
RATEC *4]o] A £u], RNTES] W2e] V6eo| A% XE-2 RATEC W2le] V6ol A& ZZof nls, <F 1.5u] &
= FHu.

Ampoll QloA, BE A9-ollA V6 BlE= 10]/9] Fho] Ugkal, olF T H7H Ve == Fo] FEHE U
S AT Qo). g, o3 FIE A2 A PO MY w2E F5E 5 A

AZA 213 AAR(visual inspection) A¥e} #o] QEMES &3l RATE WHo] 7HE 573 45S e AS &<

¥ 5 ek,
E 4= PSDS Amp @l AE E7) Azolrt,
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[0193]

[0194]

[0195]
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¥ 4
PSD Amp :
. df MS F p-value df MS F p-value |
 RNTE| RARE | RAOE RATEC| RNTE RARE RAOE | RATEC
m- 4 |225505.140 | 5031157 <0.0001] 4 | 14590 1503.147 | <0.0001
| p<0.05 p<0.05 p<0.05  p<0.05 | p<0.05 p<0.05 p-0.05  p<0.05
v | 4 §i218350.812 | 246670 <0.0001| 4 3933 54750 | <0.0001
' p<0.05  p<0.05 p<0.05  p<0.05 | p<0.05 p-0.05 p<0.05 | p-0.05
| vs 4 370593136 244215 <0.0001| 4 ;' 4085 | 52.576 <0.0001
! | p<0.05, p<0.05 | p<0.05 p<005 | p-0.05 p=0.05 p=0.05 | p<0.05
o 4 :5:'330515.993 | 549052 <0.0001| 4  19.158 290.093 | <0.0001
| | p<0.05  p<0.05 | p<0.05 p<0.05 | p<0.05 p=0.05 p-0.05  p<0.05
g L | el | benmaon| 4 | o | W | 900
| p<005  p<0.05 p<0.05  p<0.05 |p<0.05 p-0.03 p<0.05 p<0.05
e 4 3436385125 | 5228081 <0000)| 4 41644 1066689 <0.0001
;p<0.05§ p<0.05 p=0.05 p<0.05 | p<0.05  p=0.05' p-= 00~ p<0.05
Corre= AT Wl #AIglel BF H2 48A4S 717 widd 4 H7ME AdskA gavt. Add 742
o] FHYE=(V lead) A A=l thate] zhzbe] RATE, RNTE, RARE, RAOE, RATEC 4o #olA& sty 9st
o] 99 BA 22 (one way ANOVA) AL Agstint. ZF a8 Ea) AAE AZ2ZRE AALE PSDeF Amp #
S5 49 #4F X (one way ANOVA) Aol 8oz AL883ith. =3k, 7 OF 1o ng7f fornz HEyz
Y AFS A H2~E(Bonferroni post hoc test)E E3&}o] RATEZF t}E H}F2](RNTE, RARE, RAOE, RATEC)3} H]
wate] o9 el

PSDS} Amp 25 <49 EAF 22X (one way ANOVA test) A3 93 2218} tH(p<0.0001). PSD AFE ALE

A7 dl2=E(post hoc test) A, RATE WHo]l RE thE Wil Auet {3 zbe]7F vk (p<0.05). Lefvt
Amp Aol AR A H~E(post hoc test) A RATE WHE g =(lead)o] W} #2l3k Afo]= 71AA] &
= A57F vk, 53], RARE W9 A 7MY B2 ﬂ‘:, = V2, V3, V4, V5, V6 B|=9 ZAfddA Fo3t=] &
gtl. olE Ea Ampye HAAHY I FEFOE H|Ed AEZ I (synthesis) D F AdotE AL FQd &
9l

AREE 42 e oel st Feo AAEE 7}*]“%, ket FeEe AAE, 53 vAFHA A
o] AHEE da ¥ Uy FHRFEL : ph| “JPL%P:P % o] e A

< 93l PIB dlolgulo]2=o] ek Fa~(diagnostic class) ] wha} A
@ (bundle branch block, Thd Zre] zdt), A WEo doly HNEZ A}%o

zt Z=Abol e~ (diagnostic class) HE 2 W] Hlolg FAlo]~(data case) ZHE FAH FERFE A

T 79 (al), (b1), (c1)2 18y @AY dlolgoly, & 79 (a2), (b2), (c2) th& 18 It dlo]
=t

= 79 (al) ¥ (a2)+= A< ZAM(myocardial infraction)®] A5, (bl) % (b2)+= ZA}H(bundle branch
block), (c1) & (c2)& At WS (cardiomyopathy) 2 A5 YeEH, datae A4 SAHE FHFe AAd=
olal, 2FAL HIE FEFE AHAEE Yepdo. 7 53 TS 7FA= RATE AAE] #4948 T3 AA

AE ANsE Az d# DA (visual inspection)E 3 Ad, 7} Mk F#|~(diagnostic class)dll wWE WA
Al (anomaly cases)oME AA FH A= AAZAT) AFE FEFE AAE A57F & Zol7)l glo] F+4

7 W $-, (b1)9] V13} o] #=7t AAE A9, (¢ V5, V6t
(c2)9] V6s} #o] T wtgo] vbdd A9ole §HF% AAZe A (FF)o] & He As AT 4 9.

¢

e FRAEAE mE WS, e Alolxdle H8& HF8kr] Al physionetoll A Algdhs v
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o]

N

)

N =

wlo]2~¢l, MIT-BIH HA= dlo]g M EMIT-BIH Arrhythmia Dataset)S A}&3}e], 2 o] <y
&

H
We) FRREANE £E9 el B AEseA FAsd,

e @

)

MIT-BIH FA = dle]¥ wo]2(MIT-BIH arrhythmia database)©= 7 2= HRE Al3sttt. ofe}A] databasedl
A AFske ARAFE AdE, S OMID leadst 5F% AdE, & V1 leadE F3l, 4% (clinical
validation)S R8s}t MIT-BIH dHlo|HAES] MEY &% (sampling rate)i 360Hz= PTB H|o|EJA|E b=
th2A %k B2 (interpolation)S 53 ¢ AZ3 (up-sampling) ¥, 250Hz2 Ut AZ3 (down-sampling)3}e]
ARESEITE. MLIT 2l=9F V1 2l=9] A5 E RATE A2 WS S3te] 22k F7H(bi-dimensional space) 4l
2 ¥ 5 V1 g=E FAAEIT.

% 8L 4 o] dojE Ao|ARRH MY FEFE Ao Aujolr),

= 89 (a)x %7] A4 4ZF(premature ventricular contraction), = 8¢ (b)E AA Atz A4 53
(fusion of ventricular and normal beat), &= 8¢ (c)& #zxldt 4¥H(left bundle branch block beat), &=
89 (d)+= A% %7] ®¥% (atrial premature beat)2] Alojxolt}, FFAL A FHH MEola, 2HFNL 5
TR E A5E Yepdoh, AAAE AlsE Az 97k AAF(visual inspection)d A¥}, MIT-BIH ¥ 5]
oJHMES] thekgh nAd Abell(anomaly case) A E AA A5t AR As7F & Zol7b §UAl H-8 Sl
stttk =3, E 89 ()Y AE Fdle 9AF e e HEo] gAEHEAM HAAES FlEdn.

hsd
=5

o o _I

3}
s}

A3t vle} o], B atio = A SR AAZ(AZ MLII lead) 2HE FHEFE(V leads) AA
AAE AHE HE A (limb) FEZ SAH =Y, AR S AlA E
A ez Adzel dygzel 33s

=
T AAE AR7E AeHA gom, oE fs &
L=

H

2
o
x
rot
oX,
olr
o
=
rir
[ep)
=
=
o
>,
=

g o] R ¥ A AE GANS 7]1€ 94 o] (image translation)oll

d FYoll ALk waoth., AAEE P-Q-R-S-Tehe €A JES 7HA 2 ok, uehA

Agkgl HES QTS AL T8 O}EP R 3= ﬂ%o AAE 4 R JJr % ]%Qi A AT
A= . A

2 4, = 500m54 dolE Z5E 1sec? Zq(segmentat10n)§‘r6}
T7} 7F58ket.

\1
=
5
°
o
fru
=]
ja
mlru
| N
i 41 My
]o

24 (physiology) “d v‘:}ﬂ

ol = AH=(heart rate)”} 60/min ©]3}<l 78‘—°r°ﬂ‘: 500ms A, &% R 33 AHH(R-peak alignment)
A71H, &4 (segmentation) 3t o 32 H (epoch) oA AHE7F 712 AEF A AL EHELO/] 5471 7}
otk R 93 Aol $84LS R 942 HJEHA &2 RNTE W29 AE F3l &0% F=

R T

mlru

¢

o= gl AAA 9w (ordered time sequence embedding)S AlZF Zw|€1A S (time domain signal)®] A7+
ARE g2 523k 239 F7H(bi-dimensional space) AZE W= A ). AAEE Azt u}
= 7HAI ol Abdel tidk =xb(sequential) HEZF WrFE T, wEpA AR Ao

shrh. B g o] Friol e o5 91ty 98] RAREZ RAOES ARttt F7hA Wy &

e FA5FTE. RARES AJ7Fe] SFo] 4lo] lom RACEE A|ZHe] S5l e ZE7}
7}4 213 AA(visual inspection) A, F A% EF AHE P-Q-R-S-T &l EH43}%
E7HA = B84 ey, 2= Bl Al X~ (ordered time sequence)i H|o|EH EE
917 (phasic) BRI} A2H 7] wiel GANo] A Hd%=o] FAIZt(long time) BEE S5 5 AT, °l& &
EbSl Al (ordered time sequence)E AHEatE 9 RIS Ase] SE7HA 57} 7hssitt.

LW leads) AHEE FAl F&F314, =, ”é}(pai

AlE(paired dataset) B =(lead) 7+o] 4&gk H

At wet e 548 7HER JiQ 54

Fol = cycleGANS AFE3F3ATE. cycleGANS
AlZ+d o] HAF(visual inspection) A], RATEC

2 a8y AA 54 dlolH (real data)e} B3-S o

RATEC W2, 45 #AS dvolH AME(pair dataset)—g ARESE ARk, o7t Ak E 16l IS¢ SSIM A

ofN ol
olft ‘“;O ulil

éa

22 Z o o ru
o2 o
,
By
52
rr
iy}
>

o M o

)
i

e

e
i)
o,
2
>
rlr
N
>,
X
Ho
i
=
=
o
Q
2
>,
R
i
>,
}01,
o
9, ool
—iu:

_‘
o
fr
0%
oX,
ol
ol
s
o)
=
=
o
i
)
ol
ol
38
A
o_‘?\: d
o
ofh
oX,
2
=
o

3}
5
> 7\]6

-
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o) RATEC:= H7-8 e dwkshrl ol H07] wiiel e Az tojm A (diversity)7F %
£ |

N
—|—‘ r_l

et 3% Balo] RATEC W& Qwel Aol Eob Corr ghe AW A4l AEsh 2
Al o] = PSDOF Amp S vtk wEbA cycleGANS ARl A9, dutslolE £ A5 S HolA|vt
MRJAAE Wredats dlol= o8-S 7k, Egh, olyd AdE F3 *}11 FE=(limb lead)= Aol 54&
7= AiE VAL des ¢ F do. wEbA g = AR5 (leads reconstruction) A, BHE e Fow
AF= = dolHHEE o] &3lH gl e 548 AT & J& Ao,

B ool i= R ¥ AH(R-peak alignment), 2H= EY AAZXA AWl (ordered time sequence
embedding), o2 o]FojZ HolE| A E (paired dataset)S AF&3le] FHF= Ad=E FA(ANTA B AT
%) (V leads ECG synthesis)S Z13§3}ic}.

=2
i

5

rr

A= Y= FA(ECG lead synthesis)ol BHHA 7]E AFE9 Ayolr},

F 5
Author Purpose Database Method Result
S. Maheshwari et al- 3 Lead -> 12 Lead PTBDB = Heart—Vector Projection Theory | R2:91.87%
12 Lead - Frank I | R2(Affine): 92.7% (12->3),
VCGe Affine Transform 84.79% (3->12)
D Deaison et Frnk VCG = 12| TlPDB Dower Transform R2(Dower): 75.60% (12->3),
T e ——————— e L)
; 12 Lead -» Frank PTBDB i : R2:73.7%
S. Maheshwari et al- VG CSEDB Principal Component Analysis Corr- 0,869
PTBDB . 8 i s
D.M. Schreck et al. 3 Lead -» 12 Lead MRMC Nonlinear Optimization Model | Corr: 0.867
: 12 Lead -> Frank o . ; RMSE:
Guldenring et al. VoG BSPMs Multivariate Linear Regression 283(x),45.6(y).37.4(2)
Vaullings et al. 12Lead -» VCG L Bayesian Vectorcardiography MSE: 17%
PTBDB
.
HADZIEVSKI etal. 3 Lead -> 12 Lead Own Patient Transformation Matrix ISnl;/ Sgment deviation o
Atoui et al. 3 Lead ->V Lead CSEDB Neural Network Corr: 0.932

7€ dA4E 999 3 FE=2RE EF 128)=(standard 12 lead)E B stAY ZTa WEA A= (Frank
vectorcardiography)& ©l-&3ste] 4 (A5, A4)ske AE50] Bel JPFHUTE. E3, V|Eed= A=
o] ATF(ECG reconstruction)S 3171 $18] 424 o]2(theory)ol AT WE Al9=(vector coefficient)
AAE, PCAGFAR BAH) So] AMEEATH. & dl oA s AR E(linb lead) AWM= ANT2HE FHFE
leads) HA%E AEE FAAT=H, AT skl R I3 84 M (R-peak aligned GAN) S #-&3F A3} o
93%9] A== WPk, WA, PIB Hlo]HAIES AFE3 7]& AFBolMs oF 73~04% HFEE HATH, J|&E
AT F oF 0499 AFEZE Holx= AFE= V2 g=olN UmA FEGFEN lead) A (coefficient) S AAL
sle] g = ¥4 (lead synthesis)S sH= Aot 18y o8t AF5L n 7 534S A wrt "olx
3 el Arte] Hedty] wio ]J ] —“ié}é}ﬂr. GANS H] A& W& (non-linear transformation)o] 7}Fs
sta, w2 AMZ(sample)S B3t shs=mZ A4 (generalization)o] 7F5slth. whebr B wtieol k%% R
93 A4 GAN(R-peak aligned GAN) 2 HA =9 AAFEASTERE FHFEAS &9 W9 482 e
(F)stet.

w2 #HbelA, THE AR A (FUE A= FAE X*ﬁé}oq 7&%’5‘1 SAT AR AR S
3]

¥

o

T ’ =

= [e]
il‘?‘ﬂ %?%E AAE AsE FHAATFH, ATA)std, 2 Ad7EsA (feasibility) & 2215
|33t PTB dlo]Euo] 2o} MIT-BIH d]o] & H] ]’\4 A HolHAIES A}&-314
A A3k Aol 29 U]rE A4 S (clinical validation) A3}, A
*“(myocardlal infraction), ZtxteH(bundle branch block), A% (cardiomyopathy) & ThsH 47 A3 A
A2 o2 dolEuo]ze] e AA SHT 4lS(real 51gnal)91r FrAFHAl Bl 43 (lead Synthesm)o]

o2 &
rO"_
0
e
_4/-\
=2
<
= w
L=
=
Y
N—
g
>
rﬁz&
o,
o
ol
i&
g
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o]Foj o] =AU},

i

W oagol A

T =2

(ordered time

GANS Bkl AbA

S = =
AdE AsES AT, 53], 2 22 R y3 HH(R-peak alignment), 2HE B AlA~ A

sequence embedding), & o]F+ dHlolE A E(paired dataset)S AME3E Zol AEAE 7}

Woabgol R vl3 A GAN(R-peak aligned GAN)S EEE AAL X FAZANE T SHY &4 AHAFE
AAE AsERE bE fg=(lead)d AAE ASE AFFHata, oA AFFHE e g AddEs 2t
A A A BUEES AT ok, ¥ A HolHRRE AME 7HsE Aol

e ool A AiEa mdel oal® Aol o dAH= AL oium, FdAEd vl TIAEE A
TR delA o Be Wy 9 wEdrt hee Y-S B2l

_29_



10-2021-0061769

5

=

=

o

e
=)

< 19§ Jie s Sunuiea) NVO>

S—

P

f—
—
g
< I0IRUPNLASI

1

Up Convelation
Up Convalution
2
=

T e
@»

< Bupppaquiy asuanbag aw | patapag > -—1

] 4 T
V] i ._”v...

. f.,.: -_; ,_f ;.,,-.
¢ H g s 1 7 1
i 5 I £ i i i
i i X K i i

oy 957 ol g 457 ipody osy wpody 057 ey 951 iy og] yodiy a5y t

. OpOp o e @g Wp Mg o

1]
q 1 SniN
‘mrl_ 9A A LeY A (43 A rm _. .\_vi Jl
4 @ €

SIS
S

FA

<.—I

%

.

L ! T
N

'T]

e)

_.H_W N1 _..IH;

SHECRRS
PR

=

B T.E.

emlay

_30_



k1
N2
(VA

MLII

Max pooling

S110

S115

5120

$125| Max pooling

Res Block ]5130

/

5135

Res Block

Res Block 5140

5145

Res Block

Res Block |]5150

S155

Res Block

Res Block |]5160

5165

LhdEGhk

Res Block

=gl
Generated Real
ML r MI_IIr
VL ‘VL
S$205

$210| Convolution

Guess
Real or Fake

5220

S230

5240

5250

5260

Res Block

5172

l 5175

| Up Convolution |

' 5180
| Up Convolution |

!

'
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EH6

Vi V3 V4 Vs Vé

(a) Real Signal

(b) Generated Signal|
(RATE)

=i

HEEEEE

(¢) Generated Signal
(RNTE)

(d) Generated Signal
(RARE)

(e) Generated Signal
(RAOE)

() Generated Signal
(RATEC)

HEEEBRE
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