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P=g Baslofol b, wolxg A HRS

olg3t WjAA v F== 8850 TE 12 <¥ 1> PIB-XL, CUSPH Hlo]E{Al 7|
T AAEE AAsH] gt g vese] Dataset #0f ECG samples  Sampling rate (Hz)
A AT Aok [1-3]. 2y dlojdE 7]7)ol PTB-XL 21,799 500
=x0] 7}53 9 Alx] S5 = oy F=2 CUSPH 45,122 500
L3l & 12 §5 AXEE AASHE Aol &g
[e) RLs ™ = o N
= A A Qs Ao THE =l1lo
= E5S 7

RN e BT =

el A @ vhxe) A7) 1 15 erotol atk. ol 9ol xlel= B
S W FelA ek Aer] w7 2=TE 7R 60], g U AE [11]9F LSTM [1] 7]6ke] whel o]
AR = E9e 2ozt EAG. weka oy AetEATE. o]F o= Hxk wrdaEle] CNN [12]%
de=2 x7)ton F8aAd we WAE FF Koopman operator [13]5 &-&3l= AFZ7HA] o]o] 5
= Azl Ao Apo] 7} wbAFI) o ﬁ%‘ﬁf—i XjﬂV—‘i 87 E*J%“J(_Olﬁ GAI\Q% &
PR A AAA dele i A b Eel 12 drE AdRE s dra ol
A A4 el B 8 e 4] ne g a2 (}4'1&?0@; e g°°}tﬂ°ﬂ o
o slazle] W= o A= QAL “] “E}EE_ Shwstel @88k GAN 714 image-to-
AfE Feste] 2% 12 #% AAES A4 image translation 7]5¥+e] ®H o2 oJoj T} [3].
mel AeHeE vlalstel A e d 12 AR geyg v wA 8 BF 12 = AAEE
FEHE #ddth B =89 A3 Ade e AP AXSE Wy Ed A ddse, 22 Age=
AREE B80S YRl Leadll 5 43S o A AR AdEE AT s 7€ <
24 ATH TE RAE AAEE AT £ gee  TEC HAE AY ZACN SAHE A= A4
wolnh ek ok @, olte g ojwa S MHE awAl el e vk g
ZEZE ALgEFojoF ax|o st A WA v nlo|t} %}\1 wETE Qﬂ_:ﬁ_‘—:_.- %3}-6]—0:] ol e E_]EH
e = o 43t AHE A &&3h= Aol M a2
Aol gk BAS 33Tt
2. #H AT
g el 7)E eokE FH disel g4 3 dE
AP S g5t Wl tiE] TAH R o]ofr] S 3.1 Ay shA
L o] 59| gHAlel thal o]ofr]staat ghrh 2 =woAe F7 deolgAld PTB-XL [18]%
oAl wEW A4 {9 FHF 7247} 2= CUSPH [19]F Ab&ste] A3dS Jgsigith 7 dol
Dol H Ao A ZAHC) o) AR Ax Hrm@mE  HA BT BN SAE 10 = dol RFE 12
= FE fE)eA UeA AR SR (R F5 45 & AR dolgolw, fatke] AW, yelg e 1t
7ol Wk wWE diow shsatAul Abx fmEuk EE JHQl QRS wekshal glth PTB-XL ¥} CUSPH
o8 FX eu= MAEE= Ao ErlSdS oue = 22t Physionet o4 WiESFiL il Physikalisch-
t} A Hey 7)%e wrd o olg o]e]d & Technische Bundesanstalt 2+ Shaoxing People’s Hospital
A= A7) 93 &S0 AL =3 AxA A SHE AAA volEAolw, F ulo]E{ Al gk
ool e AtFEe #AF golyE v]v)e wre 82 <3 1> YEY vk
2 93 9 AlK fEREEH EFE 24E AAEE 2 = 7)E9 HAl (state-of-the-art) ATE [1-3]
AAF= 7)o #3817 A ZHET) AN AFEE BFE 2F% AdE A 7IHE &85t
27] BF 12 §5 AAEE A5 98 wws o AdS JAdsith e he] A FEE 2ESI0E
& e geg gea9r) 4]9 dF72 Aoz W mdE B4 A H7AEEE Root Mean
A7AS gg3t= HWhio] AekEQar, o]+ M w  Square Error [20] (°]3} RMSE), Dynamic Time Warping [21]
A E o] CNN [5]7]4ke] AF=7bA] o]o] it} o] # 3 (©]8} DTW), Pearson Correlation Coefficient [22] (©]3&}
AFEL BE 3709 AlA G§EE dgste] Uux 9 PCOE ARSIt vt WS B7H= 9
Ao FEES AAEAT A ogd drse 3, 7IE AR G dTER sl dHely A
ool YEE ggega, AAES e 54 ¥E T A1¥ (710, 23S AR 110, AE A9
A4S AHgeta Q7] wie] mee] gygom  (2/10)°0F Wit
=4 Aol AL F de= mo|=Eo] AAE Hol .
BE ALg3kglt 32 48 23
dole 2 77 2ny 249 Huse Jly)e) Sy  <E 2T BESE AP el mE v)E dus
A Bl mEul Ao sbssla, Aole] Fulstm o B AolE dERH. el ek mo]xgel
N ZAo] H7] Mol gulEA ZY¥e] A @rg HERE V1SS EE 1240w wdE AYS A ¥
Wl ECG-LSTM [1], ECG-GAN [2], ECGT2T [3]& &&
stgowm, oAl Mol AHA ffEE BT &8ste] 7t
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ASK 2024 st=dtELH3| =FF 313 15)
<E 2> F§FE A FEol B2 A1E PWES] 45 Aol
PTB-XL CUSPH
Leadl Leadll LeadIlll aVR aVL  aVF Gain | Leadl LeadIl LeadIll aVR aVL  aVF Gain
ECG-LSTM 029 023 031 037 032 033 214% | 091 078 099 108 1.02 093 142%
RMSE ECG-GAN 022 = 0.8 027 031 027 027 167% | L17 = 093 124 131 124 123 202%
ECGT2T 019 015 024 028 025 024 177% | 081 073 099 107 101 100 89%
ECG-LSTM 11.88 ~ 10.60 1247 13.87 1334 1343 10.7% | 2402 2292 2635 2832 2807 2740 4.6%
DTW ECG-GAN 990 = 856 1060 1177 11.18 1168 13.5% | 22.84 1957 2333 2490 2416 2479 143%
ECGT2T 8.57 151 9.64 1092 10.02 1005 124% | 1671 = 1420 1733 1863 1776 17.80 15.0%
ECG-LSTM ~ 0.04 = 0.04 003 004 004 004 -73% | 008 = 0.10 005 008 006 008 -16%
PCC  ECG-GAN 032 = 034 027 024 024 024 -53% | 028 036 026 021 021 021 -31%
ECGT2T 0.52 059 044 047 048 047 -14% | 047 = 053 035 040 040 039 -12%
WRiol e des mlaslvh. o JHow &g ARAL
He AHEE AYe 11749 AdEE AT 11 Bowefo (AR (e S AREAR) 7Yoo
7 O@ﬁ‘;—i BE “f—j{ fﬁg'é BEE AT = guns)gwsie A900. 202- 0-01373, <1
=9 ol = 3} =
go TEIA W wE Al BT WIT pqsastacaaedsa) s ()85 (se)e
3| 5F A, FHAR 52 Hes Hole 2 A)e] 9 ow sl o
EEENE xmowu} EH, b we Aol wo oLEM AlRes A A4
WA= o A gu duh} AR =A2 wmx (No.2018R1A5A7059549) & ol ¥l 79,
&2 7o & 1 L‘rE}lﬂoiﬂr
Ay Ao A Hele AAH Leadll & 83130 EHnEs
o BE HUMA|RA Y2 =g &831%S WX [1] Sohn, Jangjay, et al. "Reconstruction of 12-lead
O 7ehs GRSt FAIH SR Lead l & &85} electrocardiogram from a three-lead patch-type device
2S R RMSE 7| AU 21%9] 45 S & using a LSTM network." Sensors 20.11 (2020): 3278.
A = Adnk o= 7ME =& AeS Hol= W [3] [2] Lee, JeeEun, et al. "Synthesis of electrocardiogram V-lead
of th& WHE WhHl [1-2] H 28%° s Hol signals from limb-lead measurement using R-peak aligned
© AS 1S o, A v e FEYE & generative  adversarial network." IEEE  journal of
Utk ol Fe5S FHHoR asidls o & biomedical and health informatics 24.5 (2019): 1265-1275.
S ARA o] TRl WE RE 127% AHEE (3] Jo, Yong-Yeon, et al. "ECGT2T: Towards Synthesizing
g zZ A ¢ des S0 & vk Twelve-Lead Electrocardiograms from Two
Asynchronous  Leads." ICASSP  2023-2023 IEEE
) International Conference on Acoustics, Speech and Signal
4. 28 A BF AHAF Processing (ICASSP). IEEE, 2023. [4] E. Frank, “An
=2 ASo® BT 12 5 AdEe A4S accurate, clinically practical system for spatial
A3 &83= A R dskHES Felsta, o vectorcardiography,” circulation, vol. 13, no. 5, pp. 737—
We Y=g Bgaol adHow YT + dex 749,195
BAFAY e AWNZ E3) Lead I £ L39S [5] Wang, .Lu—dl, et al. "A novel n?e.thod based on
W b AEAoR FE 4R AAED A4E 5 convolutional neural neﬁworks for deriving standgrd 12-
o o lead ECG from serial 3-lead ECG." Frontiers of
e Fesiglon, Fgae g wps A @ . ]
B ’ Information Technology & Electronic Engineering 20.3
SRLE EF 12 R AAEE O Z AAsd = 3l (2019): 405-413.
e 28s =Fsilv oldd A3E uld 2 ®,  [6] Scherer, Julie A., Janice M. Jenkins, and John M. Nicklas.
Lead 11 & =AstE ol E 71719 ol &85t "Synthesis of the 12-lead electrocardiogram from a 3-lead
EF 1255 AAE AA HHS Jjuksts= Flo] g5 subset using patient-specific transformation vectors: an
AT Aot} algorithmic  approach  to  computerized  signal
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