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Judgement of ECG abnormalities based on individual-specific
normal waveforms using deep learning
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Abstract : In the medical field, researches on automatic diagnosis are being actively conducted against the backdrop of the
shortage of local doctors. Since the ECG has different patterns for each individual, it is desirable to judge the ECG abnormalities
according to each patient. In this study, we propose an individualized ECG abnormality judgment method using Autoencoder and
CNN. This method makes Autoencoder learn only normal waveforms that can be easily collected enough and obtains the
characteristics of the individual's unique normal waveforms. In addition, we aim to construct a system that can show the reason for
judging an abnormality by comparing the trajectory of the feature obtained from the target ECG data with the one of the normal
waveform. Although there is room for improvement in the feature acquisition by Autoencoder, experiments using MIT-BIH data

shown that the proposed method has the potential to satisfy the given purpose.
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Figure 1 Flow of the proposed method.
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Table 1 Autoencoder structure used in the experiment.

[ Name ‘ Shape ‘ Operation performed
Input 1=s500 | 0
Conv-1 163 1 X 485 1% 16 convohition
Conv-2 163 1% 478 13§ convohtion
Pool-1 16 1% 59 1% 8 maxpool
Conv-3 163152 1% 8 convohition
Conv-4 16X 149 1¥4 convohtion
Pool-2 16 X124 1% 2 maxpool
Conv-5 16123 132 convohition
Conv-6 163123 1% 1 convohition
Pooal-3 162111 132 maxpool
Full-1 e
Deconv-1 1612 131 deconvohrtion
Deconv-2 1613 1% 2 deconvohition
Unpool-1 16X 1% 6 12 unpool
Deconv-3 16%1X9 1% 4 deconvohrtion
Deconv-4 16 1% 16 1% 8 deconvohrtion
Unpool-2 16X 132 132 unpool
Deconv-5 161+ 39 13§ deconvolution
Deconv-6 16154 1316 deconvohrtion
Unpool-3 1631432 138 unpool
Output(Full-2) 1%500 | 0 e
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Figure 2 How to provide input data in the conventional

method.
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Figure 3 How to provide input data for the proposed
method.
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Table 2 Abnormal ECG class.
AAMI Heartbeat Classes | N | SVEB | VEB | F | Q |

B 7Y TR 360H Th D, FEICBNT,
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29000 fE T ¥, BRFET — Z 1L 1000 fH CTH 5. T — #,
BRRET — & & BRI & 3 F 2 W IEF I 0L BRI
BrHWD., £, Ry FH A XF 128 THDH. TANT
— X IXIEFNE & RERE TR I TREY, FAILL-S
TREWHOBMN R D120, T AT —ZOHMLMAZ
LIZBR D, B, TANT —XIZBIT D EFEEOKIX
11 A% 3000 &E LTS,
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Table 3 6 abnormal waveforms to determine the threshold.

| F2HD | SVEB | VEB | F | Q | TAT a8 |
A 33 1 0 0 34X 150
B 3 0 0 2 5% 150
c 2 0 0 0 5% 150
D 0 a1 0 5 46X 150
4 0 38 2 0 40X 150
r 6 0 0 0 6% 150

F£4 EEIZTABFTHWD 5 AORERE

Table 4 Abnormal waveform of 5 people actually used in

the test.
| 2D | SVEB | VEB | F | Q | FRT =5 |
G 12 43 4 0 50150
H 1 109 0 0 110 %150
! 95 16 0 0 111 %150
J 0 3 0 0 3% 150
K 31 47 5 0 83150
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Figure 5 Result of mapping D.
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Figure 8 D Euclidean distance.
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Figure 10 J Euclidean distance.
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Figure 11 D Euclidean distance.
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Table 5 Four numerical values determined by binary

classification.
HE R
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N TP(True FN(False

B I N .
FEEE DI Positive) Negative)
N FP(False TN(True

| (o
Positive) Negative)
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Precision=TP/(TP+FP) 3)
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recall=TPR=TP/(TP+FN) “4)
F=(2 Xrecall X Precision)/(recall+Precision) %)
Accuracy=(TP+TN)/(TP+FP+TN+FN) (6)
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WRICet L Ch 5 RETORFHIEOMRRME, S2FE0, b
BEMICEBNCTORRE EHWT 27200fEE LEVWEE T
. AEFILEVEOFEHOTZD, LEVEZED D720
D 64 DFEET— X TEREIT, ROC #ifaH L, TPR
M 1ITIEWDD, FPR BE/ND S OREOEE L& VWME & F
b.

6 ITRETFTIEITEB VT Autoencoder & W 7=H4
HAWTIZ AW E F O F EHAFIEIZ LD 2 KO
E LTHWEEEA D AUC 2777,

#6 AUC
Table 6 AUC.
REFIE P ik
0.937 0.893

WIZ F & Accuracy 23K 7, 8 1T T

#*7 F1E
Table7 F value.
RETIE LTk
G 0.773 0.338
H 0.820 0.952
I 0.712 0.977
J 0.833 1.000
K 0.714 0.755
et 0.770 0.804
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# 8 Accuracy
Table 8 Accuracy.

RRFIE E ST
G 0.806 0.602
H 0.786 0.950
I 0.676 0.977
J 0.800 1.000
K 0.600 0.675
A 0.734 0.841

F 6 DFERD, |ETFIEDOH N AUC HNEWFERZ R
L7z, LaL, £7, 815 GO NIRETFIEDHTNED
THoT-bDOD, 4 ZIXETIED T HHEEE DSBS T
27257, ZORAE LTH ER 1 OBLEICLHLHEY,
DEREE ORI A ERIEETE TVWRNWI EREX L
na.

5. £&O

AFETIL, OERBBETOMEROBETH -7, BHE
SEOHENNANTH DA, MITRERRT 7 v 7Ry
ATHDR, BRI EDREEZBE L RTui
HRVRIZER L, EEFEEO—FfTHD Autoencoder &
CNN Z VT, AR L2 EH I 2 i3 20BN
BEHEERE L, EROBEND, BETEIIBNT
HEDRID ST N ARETH D 2 &, £z, W< 20D
AT A2 LT, SHICHEELZR ETEAAREERD
HT LA L.

ABOBEL LT, K& 22o98%FFohb. 1 28I,
F v bU—7 O TH 5. Autoencoder (Z L B R ITHIT
ZkY, DEXT - OLERERE CH S TOD A
RMER D D78, RT DR %E 3 koclh oL otz
DI EEBRRTOILERH D, 2 DHIE, LEWEOED
FHEBBT2ZEThHD. AEIOHEFENEFINCH
N TH 20O, EREIRFHN FVEDFRFR &GS
Thd.
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