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Estimation of Waveform Variability for Practical

Application of Capacitive electrocardiogram

Koshiro Kido

Abstract

Heart disease is the second leading cause of death in Japan. There are several
ways to examine the heart, including electrocardiography, diagnostic imaging,
and catheterization. Among these, the electrocardiogram measures the
electrical potential generated when the heart contracts and expands to pump
blood throughout the body, and is closely related to the physiological dynamics
of the heart. There is a growing interest in long-term, constant measurement
for early detection of diseases, but long-time measurement with electrodes on
the skin causes skin irritation such as allergies. The capacitance coupled
electrocardiograph is a solution to this problem, although it is used during
sleep. Since it measures cardiac potential via capacitance, it can be
incorporated into bedding, allowing measurement simply by lying down on the
bedding with clothes on. This capacitive electrocardiogram (cECG) has several
problems. One is the instability of the waveform due to noise and postural
changes. In order to use such unstable signals, the analysis is performed by
combining Ballistocardiograph (BCG), which measures the oscillation of the
beating heart, and the aforementioned capacitive ECG. In this study, we
prepared an experimental environment for measuring cECG and BCG, and
actually measured and collected the data. For the collected data, we used 1D-
CNN to classify the noise intensity and sleep posture. By classifying the noise
intensity, 96% of noise-free signals can be extracted, and the extracted signals
can be used for diagnosis and other purposes. For sleep posture classification, a
multi-input model based on 1D-CNN was used to classify sleep posture using
cECG and BCG as inputs. The results of training and validation by dividing
the data at random showed that the classification accuracy was about 98%.
These classifiers can bridge the gap between measurement and actual

diagnosis, and contribute to solving problems in the practical application of
cECG.
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B A T AP RITALE UH IS &M/ s (K5Db) , ZOXIITHE
EMEOERITHET 278 (BRME) D2 L TWLEREBZ XL ELT
X%, BE., LDEHTIIFENEDD LB LEDL D, K6D XL HITKEIZ X
> THRBEMHOEXOEIVITZNT 5, ROBEEFICZTLDOETE TH D, B
B Ko TEPIRERIZE L D720, FiBICH 580 LEXEZHET HHE, &
% QS DALE X < D OFSEN S D BEUEDNFET 5, REMLERZEZHL
TOGAEITEMBHRICY 2D MELEET D2 ST LoD, RIKRER &
wmimhrE (ERRFLEEY) Nty Mo TWAZ ENREFE LU,

FLBBIC K DBIEDE L TN ) A ZRFD LT WNE WS RER S H D,
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EHIBMLZk-means” 7 AX U U T Ko THFETH VAT A EMELZ12], £
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O FE~OEHANAIEETH D EWFF SN D, ~N— FESOUGEIZ L > T,
ERROMEREIZM ELTWA MR, AR THRREAFEHLEXOMERTH D, HER
RS0 ) A RN K o THIEN BT 555 13 STV,
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IR T A =R T 5 2 & TR LDER ERBEOERZ B LTV H[13], F
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T, RINREI AT REX VT AT EER W EBWE TELEET D
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Z L CHERFFRBAHEE T D, WA T EZHWTEFRIELTRICE T Z2AE 5 230

12



RNEWVIFRERFON, |RONDZLICELDA N L AR T TA NV —DREE
IEHATWS, ZLTHEDT =27 T TR OIEL T, FIRICESE LY
=T T NERICHEFENTINEE W - % A vk B EDIE ) D HEIREE
BEAEHEET D FIE LA Sh T 5[25]-[29], o HE5Icx L TES
JVER T, BB T VY XA EmA L, BEIRFFASAHEE L TV D, X
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© BEIR BB X o TEMRO R B R X E A E L LA LB 5,
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D HE) CAREARE 2T 5 FIELE I TV D, RS TIEE &M LEX
DERCIZE T FREE R T D 72012, (F50EE - =S o FiEE2 HWC/
A ROIRFE « MEIRFFEB OB Z1TH, T X - T, BREMHEOLEBEXORIEET >
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3.2 HHEET I

ARFFETIE1ID-CNNAZSFEET /L E L CTHWD, 1D-CNNIHIEAN 2B T A 7
BL— TR SN =a— TN Ry NI ThHDH, Xy hT—TD
KB TANEINEREDRES DT 4 VF e diiite 2 & TREE ORI Z G
%o ZOBRDOBEIIAT T 4 )V HF ORI EFE L TWESEHET ARSI ND,
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IDBANT)TWINERIAEND T 4 VR, bBIANA T AL D, e LTE7
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FEMAVES® 0 & U CIZReLufi¥ %1 » T %, ReluBEUILL T & 5 ok
S, 0K D REWANTZEOEEH AL, OLLFDOAFITOITT %,

1, x>0
o(x) = {O,x <0

- I=V T8
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TR L TREIZRY, fIRELZHOLZ LICL o THFEEZBESEVW I E
KEWNLH D,
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BIAIRE T =V T HR IR LT, HINZD7210F % 72912 Global Average
Pooling & V5 /LB - $kde, Z OPRIIAF ¥ XNV DY) N+ 256 DT, Ak
BEE TORERINT —Z B R ANTER I~ v 75 EDOTF ¥ RNVOERRINZ &1
W ERD, T ORI L > THIBIZAER £ TOF ¥ 1D 7 — RiZhk
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3.3 A

LlaNE ) A ROHIE L ERIFEBOREELT D, KAML AT T—4
v hELITICRT, FEMOT =2 EREEDT — 2 % T~V D HRPL D 572\
£9 T A8 2ACHFIL TN D, FIMEIRIRFEINC & 2 R DR OB
ZAVIZAE A D RO BN OB Z T HAGELRE L, 2070, IER
FEAS ORI L CIRIEMERE 2 B 7200, TANDWBRE 22\ FDT/ L —7
ZT 1T N—=T EREEMT =2 & L, 67N —T 2FEHMAT -2 L LTEE -
FREEZAT 9 PR A TEIE Y KT, = OWBRE I TOTF — 2 HEITOEE - WEr s
BRSSO I B LIl T 5, 2 0TS - 200 T2 B8 & 0 S04 e
BREETT2 L9 ThiUL, RADBEZIHIETXRVEFALTHSDZ &IC
2%,

EEFEETNVDOEOIERSIL ) A XUEHDET VITERARE, T—U T
JBNBET o, BEVHIEET VTAE T OO L o TV D, TN
HERIZ DWW IR 18, B 141273 F, FEEMEER 61077,

K4 JARXDHRBIEST—FEY b
S(Signal) M(Mid) N(Noise)

train 2502 2368 2637
test 626 592 659

#5 [ ERFFEBOHEIIEIT—FEY
SUmET) RCAmE) LEm)

train 3994 3569 2825
test 999 892 707

X 6 FEEMH
HH A EE
Epoch 50
Batch Size 32
Optimizer Adagrad




input: | [(None, 1200, 1)]

input_1: InputL
‘mp“- PPy I tput: | [(None, 1200, 1)]

input: | (Nene, 1200, 1)
output: | (None, 1200, 8)

convld: ConvlD

[ input: [ (None, 1200, 8) |

batch_normalization: BatchNormali
- [ output: [ (None, 1200, 8) |

r—

B

[ input: | (None, 1200, 8) |
[ output: | (None, 1200, 8) |

e

input: | (None, 1200, 8)

ling1d: MaxPooling1D
I"““J' ooing R M o tput: | (Nome, 600, 8)

input: | (None, 600, 8)
output: | (None, 600, 16)

!

convld_1: ConvlD

input: | (None, 600, 16)
output: | (None, 600, 16)

batch_normalization_1: BatchNormalization

input: | (None, 600, 16)
output: | (None, 600, 16)

activation_1: Activation

input: | (None, 600, 16)

| max_poolingld_1: MaxPooling1 D output. | (Nene, 300, 16)

input: | (Nene, 300, 16)
output: | (None, 300, 32)

convld_2: ConvlD

input: | (None, 300, 32)
output: | (None, 300, 32)

batch_normalization_2: BatchNormalization

input: | (None, 300, 32)

activation_2: Activation autputs | (None, 300, 32)

input: | (None, 300, 32)
output: | (None, 150, 32)

max_poolingld_2: MaxPoolingl D

input: | (None, 150, 32)

convld_3: ConvlD
- output; | (None, 150, 64)

| input: [ (None, 150, 64)

| output: | (None, 150, 64) |

‘balch_ner lization_3: BatchN I

input: | (None, 150, 64)

tivation_3: Activati
fctivation chivation output: | (None, 150, 64)

input: | (None, 150, 64)

ling1d_3: MaxPooling1D
""“"’“ e Haeotng i I tput: | (None, 75, 64)

input: | (None, 75, 64)

convld_: Conv1 D | (None, 75, 126)

[ input: | (None, 75, 128) ]
| output: | (None, 75, 128) |

‘ batch_normalization_4: BatchN I

input: | (None, 75, 128)
output: | (None, 75, 128)

activation_4: Activation

input: | (None, 75, 128)

lingld_4: MaxPooling1D
‘ - peoing e aeting output: | (None, 38, 128)

l

global_average_poolingld: GlobalAveragePooling 1D

input: | (None, 38, 128)
output: | (None, 128)

13 A ADHEIHE D REFE =7 g

input: | [(None, 1200, 1)]

| input_2: Inputlayer = None, 1200, 1)]

input: | (None, 1200, 1)
output: | (Nene, 1200, 8)

convld_5: ConvlD

input: | (None, 1200, 8)
output: | (None, 1200, 8)

batch_normalization_5: BatchNormalization

input: | (None, 1200, 8)

activation_5: Activation
- output: | (None, 1200, 8)

input: | (None, 1200, 8)

lingld 5: MaxPooling1D
| max_poolingld 5: MaxPooling output: | (None, 600, 8)

input: | (None, 600, 8)
output: [ (Nene, 600, 16)

convld 6: Conv1D

input: | (None, 600, 16)
output: | (None, 600, 16)

batch_normalization_6: BatchNormalization

input: | (None, 600, 16)
output: | (None, 600, 16)

activation_6: Activation

input: | (None, 600, 16)
output: | (None, 300, 16)

max_poolingld_6: MaxPooling1 D

input: | (None, 128)
output: | (None, 3)

dense: Dense

14 EEBOHBITMHE H>RBEE T ViEE

input: | (None, 300, 16)

1d_7: ConviD
convid 7 Lonv e I tput: | (None, 300, 32)

batch_normalization_7: BatchNormalizati [ input: | {fdans, 300, 32) ]
| output: | (None, 300, 32) ‘
‘ sivatlon 7: A | input: I (None, 300, 32) J

| output: I (None, 300, 32) }

input: | (None, 300, 32)
output: | (None, 150, 32)

max_poolingld_7: MaxPoolingl D

input: | (None, 150, 32)
output: | (None, 150, 64)

convld 8: ConvlD

[(input: | (None, 150, 64) |
I output: I (None, 150, 64) ]

batch_normalization_8: BatchNormalizati

| input: I (None, 150, 64) }
| output: I (None, 150, 64) J

activation_B: A

input: | (None, 150, 64)

max_poolingld_8: MaxPooling1 D
output: | (None, 75, 64)

put: | (None, 75, 64)

global_average_poolingld_1: GlobalAveragePooling1 D)
output (None, 64)

input: | (None, 64)

dense_1: Dense
- output: | (None, 3)




FHMFERE 1 1 X Accuracy, Recall, Precision, F1 scoreZ iV 5, Accuracyld 44k
DIEZLRZ T, RecaliTFED T~V ThHDHZ L2 EORE TR TEX TWEH D
%19, Precision|IfFED 7~V ThHHETHLIERE, THILEZSOFTEDR
FEMNIEZ L CW =& ~9, Recall & PrecisionDFfFN ¥ % & 572 F1 score b FE
M5, ENENOFRIEIZE LTI TITRT,

A ~ TP + TN
Ay = TP X TN + FP + FN
Recall = —*
A = TP+ FN
brecision = TP
recision = TP n FP
2TP
F1 score =

2TP + FP + FN

TP:True Positive, FP:False Positive,

TN:True Negative, FN:False Negative
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3.4 ik

A XOFREDFaRER 23 TI2R”T, Accuracyl$0.932% /R L CW\W T, M (#
BED ) A X) OHGBERERNPMMD T T A LHRZAa T NELEERE 0> TND,

BEAR IR 2SR D 7 FaRE B &2 3 81277, Accuracyl30.869% ~ L CW\W T, R (514l
BAME) OFERNMD 7 T AL RA AT NEDLFER L o> TIN5,

PEBRE BNL CTT — X 8l U= 54 OREIRFFLEZ O S EE R 2R 9lrT,
Accuracyl30.54 & 72> TWTC, T U X LT HILTEGAEORENOEBERIIZA 2
T KL Ao TN D,

FT A RXDORRE DR

S(Signal) M(Mid) N(Noise)
F1 score 0.966 0.890 0.937
Recall 0.963 0.853 0.974
Precision 0.968 0.930 0.903
Accuracy 0.932
< 8 MEARFFZZLD /3 HaREH
SUMENAT) RO RIEAAT) LZEARIEMT)
F1 score 0.883 0.838 0.886
Recall 0.892 0.807 0.914
Precision 0.874 0.972 0.859
Accuracy 0.869
#£ 9 WBRE BN TT — # 0E| U 256 OREIRIFZEA D 43505 5
SUIEAMT) ROEHIENL) LCEARIEAML)
F1 score 0.494 0.516 0.630
Recall 0.432 0.581 0.642
Precision 0.577 0.464 0.619
Accuracy 0.540
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3.5 &%

T A RXREOSEMEE (& 7. K 15Ma) & /5 & Accuracyl$0.932 & 725
TV, FRICHIH L72nEnn 255 (S) DF1 scoreld0.966 L 72> T\ %, i
BTt E 74X (N) BDENWRESLE L TGEADESRTWAEIT0 L
2o TWT, KRRODEHMTHDLENWRESE ) A XEpBE LTz v 9 PERE
HORERBTETCWDLEIICAL D, BPEOMINAE LD & FRED 7 A X3
Feolfzm (M) IENHI~EESFHINDGE1E < NIZMIZ LR S v T
2, FOIZOMENDRITHROGEN L o TWVAHNR, ENWRES (S) 1Ib
LREENEECETVD, WV IOHEEICR > T D, FEMOEBICE L TiE, i
7 T AL H_Recall MEVY, ZHUT T AATIT O EDORE G Z T WD EE X
S5, MANICESHE S N-F12 R 161277, 1E L < 28 S 761 Tinma
R TELEFLRSTVDLN, oI NAI TR OB AR T 2013 L <
JARDE SR E > TWD, MZ 7 ADEFRITLH (RIE) IR TE 515
FERoOTWEN, EOBEINEZHENZOREEHIZL TS ESWNEISZ &
TEEL S, ZOXIBRERD TSNV E T HEO=T —%4£FH, M2 7 ADRecall
DIETAFIEEHI LTS EBXOND, REHLERZERELT 256, SEM
7 F ADEFITIIMER BN FET 5, ENWRES (S) ITEMAME (MERFHZ
B) 20 URBEEOLEXERCIHICERNTLZ N TS, ERRICER
IME T & MEIRFFRE D DRRUCZMNICE S 2 &b T&, o, HAMEREAT
WHHEIRZEPEZEHT 220 TES, L AOARNHEITELZMY T A
HLRREMBEO A THIULHIW TE 570, FERIZL > TEFZlo—ices, 20
72OMYZ TADAAT DESIRHWEN TEIUTEE LU,

F—HYy N T U H MBI LT BEOMEIRRES O EER (£ 8, K 150
b) %Z /5 & Accuracyl$0.869 & 72> T\ 5, AMHIEMZ (R) 23F1 scoreh’Mi & bt
RTENWRaT L7ro TS, BEITHIZ D EMMmT (S) EAMEML (R) @
I CRAEDR I Z K RAEL TNWD Z DD, SERDEIEDEVILE
M OPIE & Le TG L TR S < ZOWITEOE WO 25335 B O A2
KNTWNDHEBZOND, EFTEWRERNTT =2 H0FILTEHEOME (E 9.
150¢) % W25 & ZDO®%RZFADMEPILI BT 725, FeAaT7T 2k %E /T
#. Accuracyl30.8697>50.540(Z T3> TV T Z DT U ITIAEHERED 220N 2
EDDND, HERFFRENZ X D EOZCOERITEANZERH D . BRI IEAE
AND DGO B ORAEG Y (UIROE & OFREEFITKINT D) DOFEL 2T
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4. AEMLEREOHRZESEDE TN
4.1 B

ARFETIIREMLER &L 2 G Do CTHEIRIFZE OS5 EZ1T 5, AilHE
IZBWTHRELODEX OB THEEIT T2, MEHEEMEWER E o7, Z
NEUEET DT OICRE TR O ZF I BT WD, DRRRIIRDR L7z &
B, MEEE Y THD, BEOEWVILEE Y Y05 HlE SHE ST
TROIEEBI A Sd, HEOE E < IRIEEL KBS N5, AR DO A HLIRRE
PADIEHRLEZATWAETZD, HEMOERK LD GOIEOE N DN DI
EFZ BRI LTWS,

ARETOMBEORNZ 1TIZnT, RELER &L EZ AT E LT, MHER
PR M NT DL ANTTETNVEMEET H, WO T DI AR Z 247
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4.2 S¥EET IV

AETEIFRIEOEN & LK OZATTT V2 WL, BEREROT —5 %
ANTLHREELT, BLTFDOEI R bDR BT 51537,

- A UBRR A BET AEREEOT — 2035 5 & PRI R D
- HEFEEO T — 2 O E R e TE B,
c—HOT—ZOENEITH (L LIERELTYH) #MIGTX 5,

AR TIIARLEREETHAIREMLDEN Z VWA=, Fi 5 H1ER
FTH NG, HETHHERL GO Z R HAAT Z & TR B
ETNVOEEE HIET,

AR ek & LT, A EMLDEXOLTHEE LZEICH W Z1D-CNN &2~
— R L LT, ZoD1D-CNN# i ciE®zfa L IcsEsi+ 51X 18,
PR e E A X 19128 T, ARIHIIHETET A ERAG L TWD DI, 0T
— A DOENEL THRIETEL LT HDTH S,

4.3 5 - T
EARNIIREEOLBX O THEY ot%kﬂbx#fT o T —HHyE
%%W%&&£%T82 7/&AL JEIL. 58 - BRAEAAT _@%m@@

DL R T O E - FEEHIT 9 b%l%%f%m?év IR EMEOLEX
&H%@%TW%%V

FIIEPERE DRI D 7 OIZ AT E & [FIERIZ, #BRE2NT HDDT77 L — °L’/\H
ENEND T )V—T DNERE %hu%i)ﬁ"”ﬂﬂ LD E ORI Z T o, T
M Ko T bERE Z RIS 2, £ E T — % OPBREH2~12 N E T2 A
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<ECG Input

BCG Input
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Convolution
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input: | [(None, 1200, 1)] input: | [(None, 1200, 1)]
input_1: InputLayer input_2: InputLayer
output: | [(None, 1200, 1)] output: | [(None, 1200, 1)]
input: | (None, 1200, 1) input: | (None, 1200, 1)
convld: ConvlD convld_4: ConvlD
output: | (None, 1200, 8) - output: | (None, 1200, 8)
L L input: | (None, 1200, 8) L o input: | (None, 1200, 8)
batch_normalization: BatchNormalization batch_normalization_4: BatchNormalization
output: | (None, 1200, 8) output: | (None, 1200, 8)
input: | (None, 1200, 8) input: | (None, 1200, 8)
activation: Activation activation_4: Activation
output: | (None, 1200, 8) - output: | (None, 1200, 8)
. . input: | (None, 1200, 8) X X input: | (None, 1200, 8)
max_poolingld: MaxPoolinglD max_poolingld_4: MaxPoolinglD
output: | (None, 600, 8) output: | (None, 600, 8)
input: (None, 600, 8) input: (None, 600, 8)
convld_1: ConvlD convld_5: ConvlD
- output: | (None, 600, 16) - output: | (None, 600, 16)
input: | (None, 600, 16) input: | (None, 600, 16)
batch_normalization_1: BatchNormalization batch_normalization_5: BatchNormalization
- - output: | (None, 600, 16) - - output: | (None, 600, 16)
L. L input: | (None, 600, 16) L L. input: | (None, 600, 16)
activation_1: Activation activation_5: Activation
- output: | (None, 600, 16) - output: | (None, 600, 16)
. . input: | (None, 600, 16) X X input: | (None, 600, 16)
max_poolingld_1: MaxPoolinglD max_poolingld_5: MaxPooling1D
output: | (None, 300, 16) output: | (None, 300, 16)
input: | (None, 300, 16) input: | (None, 300, 16)
convld_2: ConvlD convld_6: ConvlD
- output: | (None, 300, 32) - output: | (None, 300, 32)
L L input: | (None, 300, 32) L L input: | (None, 300, 32)
batch_normalization 2: BatchNormalization batch_normalization_6: BatchNormalization
output: | (None, 300, 32) output: | (None, 300, 32)
[ input: [ (None, 300, 32) | [ input: [ (None, 300, 32) |

activation_2: Activation
= \ output: | (None, 300, 32) \

activation_6: Activation
- \ output: | (None, 300, 32) \

input: | (None, 300, 32) input: | (None, 300, 32)
max_poolingld_2: MaxPoolinglD max_poolingld_6: MaxPoolinglD
output: | (None, 150, 32) output: | (None, 150, 32)
input: | (None, 150, 32) input: | (None, 150, 32)
convld_3: ConvlD convld_7: ConvlD
- output: | (None, 150, 64) - output: | (None, 150, 64)

! )

input: | (N 150, 64
batch_normalization 3: BatchNormalization | ey ‘ (None, , 64) ‘
| output: \ (None, 150, 64) \

input: | (N 150, 64
batch_normalization_7: BatchNormalization | ey ‘ (None, . 64) ‘
| output: \ (None, 150, 64) \

I

o o input: | (None, 150, 64) o o input: | (None, 150, 64)
activation_3: Activation activation_7: Activation
output: | (None, 150, 64) output: | (None, 150, 64)
X X input: | (None, 150, 64) X X input: | (None, 150, 64)
max_poolingld_3: MaxPoolinglD max_poolingld_7: MaxPoolinglD
output: | (None, 75, 64) output: | (None, 75, 64)

\

concatenate: Concatenate I

input: | [(None, 75, 64), (None, 75, 64)] |
output: \ (None, 75, 128) \

input: | (None, 75, 128)
output: (None, 128)

global average poolingld: GlobalAveragePooling1D

)

input: | (None, 128)
output: (None, 3)

dense: Dense

B 19 ZAHBEEFEEET NVOHEE




4.4 55

DX DI Z W2 R AR 10 R 1UTRT, T—F &2 T X LIoEIL
e, AT NR0.9% B2 TW5D, HERFE HALTHE L7255 1TRecall 23 HIEA
AL (S) M7 7 ALV EWEITIZ > TV E, BREMLDER & LK ZHAD
BCHE LR A2 #£1210”7, Accuracyl30.978L 72> T\ T, %27 7 ADF1
scoreH0.97LL L &> TS, D OLDOEGAE LRI L 7 7 AT & O A
AT DT, HRE AL T — 2 EI LICGE OB R Z R 181077,
Accuracyl$0.832% 7 X LGEILTEGA LV 0IBRE A > TWna, 77 AMD
x5 EAMEML (R) ORXAaTHo 7 7 AL TR s TV D,

# 10 DHER T O ER R
SUEAMT) ROEHIEAT) LCZEARIEAMT)
F1 score 0.933 0.943 0.937
Recall 0.942 0.942 0.974
Precision 0.924 0.945 0.903
Accuracy 0.935
11 DRI EYR Z R AL T L7256 O 0 R
SUENAT) RO HIEAAT) LERIEMT)
F1 score 0.795 0.807 0.785
Recall 0.850 0.770 0.755
Precision 0.747 0.849 0.818
Accuracy 0.797
# 12 FEMLOEX & DMK 2 AG W Tz FaAs R
SUEAMT) ROEHIENL) LCEARIEAML)
F1 score 0.981 0.982 0.971
Recall 0.971 0.983 0.983
Precision 0.991 0.981 0.959
Accuracy 0.978
13 AEMOEX &I 2 gk E AL CToEl U256 O FEs R
SUPEAML) RCHHIEAT) LCZEARIEAMT)
F1 score 0.838 0.798 0.867
Recall 0.848 0.798 0.854
Precision 0.829 0.799 0.880
Accuracy 0.832
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4.5 E%%

O BROERER (R 10, £ 11, K 200a) # R 5 &, Accuracyl30.935
L7 D0.9% B2 TWD, EIREITINC L D EMEML (S) IXAMIEMZ (R) &£
PIENGE (L) ICHWRBIZA SN TV D, ERE A T — 2 2 0B LSS
IZAccuracy730.797 L 72 > TWT 7 U H LT —F 3 E LI E £V Accuracy 3
THR->TW5S, FTAVIEILRTECHIEL-AEHRLER LY /NS AEMLE
K& 40T — 2 BB W TXIALEEN SN Z £ b5, F-Recalld
ZATHNENL (S) b < 72> T\ T (0.85) | sEEOME M & L CIEA{AIER
fir R) . ZEMIEME (L) BZEREMEMLIZZ <RROEI TV D, JiETEE
PHLERORLTEE « D LUIESEAIISEROBITHENENEEZ > Tz
D, KGOS EOEMIIFEELEX S ITRR2 D Z ERbD, D7Dl
B & R B LERITRL AME AR > TV T, RIS E S AHEERICSH
MrFcx 5,

REMEOERM & LK EHAGDE TOELTEAER (R12, £13, X 200b)
Z 1.5 & AccuracylF0.978 & 72> TWT, F A a7 N EA, BEMLOEX
HRTONELE R TEWMEL 2o TWD, FHIRAITIZ A THEEMLEX
R TORERR R NG OBRSEORY LoV, AU LK A
HEDEDLZ LT, HOBRENFRHEDRY PEIESNTZEEZDND,

Z DT TET IV E HACTERERHAM O 72 D I W SR E AL CF — & 3 E 24T 0 $8
L2 R A2 K 13, K 200clnd, ZOfR%Z R 25 & FEMOEX O B TOMYT
ERICL, FUHNIT—FEnB LG E LT RAa T 2RICIK T LT
Wb, L LEEMLEROARTHIEEZIT 9 & Accuracy230.54 L2272\ DI xf
L. DG AADE D Z & TAccuracyN0.832FL (2 L LT\ b, D729
DR & R THAEERRIZ LD > TV D &Y T2 2 &N TE D, 7 T7ATED
ZRBITAIN D RLD & EME (S) & AMIEME (R) ORI TN L<ED
S>TW5, ZOMANIFERLEMOMWE OREZZ T TR | LM EEAE
OETH, BEZIFHZTET WAV EBbND,

FET =IO DR E O E 2~ 12 NICEL S E - L E DR aT OfiR % X
2112779, AccuracylZBH L CIE5FE S 288 E O A2 2 N 512 NI &+
% Z L T0.6570250.83121 4%, Precision (2B L TH[REIBEDMEA T 5 23,
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RecalliZ B3 L TIZWEAME (S) 230.8H(i12 & —kRIT R > TWT, fhhod 7 T 234k
FEWECT LI ET S EVS A E o> TS, ZAUITEML (S) DRecall
DE L D LK OMWEN I N TWD EEBEZXOND, £ ET — X O
FRUZBEA L TAHREI2~12ATITo 12y, WEORMDAI D 5, FEE1I2AE TH L
% 50.83F TAccuracy?d EH- L7203, #BRE B AT 2 & CX 672 5 Accuracy
O FAPBFRFTE D, WEROEXO AR/ H S OMFFE THZIZE i 5 MIT-
BIH Arrhythmia Databasel[38]1347 ADO#ERE DT — % Z&Te, £72290 ADT
— % % & {ePTB Diagnostic ECG Database[39]1: H 0. Z1uH 05T —H B30LEX
Z DT A RAR HH 0 Se AT JE 40l bt TV D 2 & 2 & 2 5 L. 50~100 A&
JEE THIRE 2T LSO R AEELHFTE D,

ZOE Y ICHFEMOLERBEARZME O 56 L AT, MiRIIM ET 52828 T
EPUBMERED 1A LT 5 2 LN TE N, RS DL ICT -2 a2 nET 5 L
Accuracy230.151F EXF LTV S 72, EORMITH S, AW TIZET LD
HAPETHRMZ G L T D720, fEEDLAETO T 7 /L OEILE & # 2 7)3
ARETHY, RSG5 2 L0, Bo7r—2 (Blzi3@EiEonEN%) T
Y L e T AT A L Y. WEOSHIISZ S H D, TFAD
Ui L 7 — 2 OILFEAT 2L, PR O S WA IR OBE L PR TH D L E X
Sy QR

ALPERE DO RIFEICEA L CITER HIEIC L > TR TEZ 2880 H 5, T4 A
(2T — 2 & E LA R —#8E o7 — # 3B - GRS FET D72
W, WENELSBRoTNDLEBXDBND, EDD, 1D THEHE D RIE#SR %
EOGAIC, —TEREFERE L DR EDOX Y ) 7 Lb— g & EHERICHA
AT LT, RRTE D EEZOND, ZOFEOLRE ) A ROEBEEZITT
WEEBMLDEMOLTIEIF Y ) 7TL—a BN 0D RVWEALEZOND
D) A XD Z I WDHE THIUZF YV 7 L—2a S hiE LT
Do
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4.6 51%DES

AITEICH D LD, T—HDIEFREETTNDREICL > T, BHEF AT DOFEE
NEFEIN TN Z & TEEMHEODERNOBOET=42 1 o 7FE L L TOEAL
IO, FOHK G FFICHE L TWA T, LEREY L OfFREL
B4z &b ns, FIRTIROER & ORFZEIC L - CLIE OIRES
FHMECE B30l E WO HELH Y, DIROREDET=F Y VI FEL L TELRD
HEPYIFFSND, AR TITERLERZHE > TWDHIZH, 5%ITEDERD
WREEDD Z ENTEE, FEMOER & DX D 5O EIZE D 2 Frg
EROHTET N EELZ L TEDEEZLND,

FICANIFE TIIE M ODER LD & D FIROIREE - BlE AR S L 515
T LTS, ZOOREMLER &L S REIORE 25/l T 2
EHIFFEN D, (BN B MEIRIREE 2 5/l 3~ 2 W13 Y =7 T T T8 A DFERE
ATV D41, ZOTo R EMLER & DB XMEIRIREE & O oo A4 FRE)
EAFICE=2 ) 7 TEDL T ENHR/TE D,

2O LD ITHEEMEOER & DX EZ FRRFEHT 2 2 S0 E RO x & H
REROBE OW T OEREZGATNT, TNHDT —X | T FEEEZ 5 2
& CHEARAREE - DIRAFRENREOM T2 E=2 U 7 L, @EFHOT-DDIEFIZ
HHLTFEIZR 5 5,
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5. Lo

ARWPIE TIEAERMOERN &L ORTEREE 298X, /A A5RE D574 & HEIR
PR D R EAT o Te, /A RBBEOSPBITE L TR b & L7215 5 £ 96 %1
HTDZENTE, /A X2ENWRESELTHEROEIND Z ERRNE
THEpole, ZORMRIT A XDVRMES LT 5 L0 ) BHIORME R
BORERLTWD, /A ZADRPREDES (M) OBREEIZE L TideEo
RHDND D,

MEIR IR LD I B L TR D X L A EMELER 252 LT 04
LT TN E B LU T2E 1 Accuracy 730.978 L 72 > T\ b, LavL., #BRE 2
N EI LT E 1X Accuracy 230.832 L 72 > TV 5, ZD 78, FUBMEEEDHE Tl
BGEORMMNH D . BT NV OUGECEH HFIEIC L > THBERBISEDIT 2 208
DD, AWGEIZE > TRIENOEBRZT — X 225> F TCOWRBREZED 5
ZE THREMLDEBROFZERA~NSESTHZ LN TET,

F AWM TIIREMELEXZERICT 57D DK A MBI E LTHEHA L2
2, DEK BT O R EOBHRE S AT, DEREHT S Z L TLmE
HEEDFMIEIE L 72 5, TDDA%ITA RN LER & DX O 70 5 DR B
L BT S DIROABRENE AR T S L O RIE A b I T X B,
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