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2 KOTIOC

Avixvevon Ilago&uoukng koAmikng paouaguyngs (IIKM) armo HKT
neepiag

Efaywyn kat avaAvon P-kupdtwv oe dvo opadeg acBevwv Yytelc kat
[TKM

YToAoyLlopOg petokwV beat-to-beat o kat peta v e@aguoyT)
XQOVIKNG KAlHaKag

LTATIOTIKT) AVAAVOT] TWV XAQAKTNQLOTIKWV TWV OUXOWV
E@apouoyr nefodwv emA0YTC XAQAKTNOLOTIKWY

E@apouoyn evog ta&tvountr) Random Forests



H kadd amoteAeital amo agloteovg
Kol 0eEL0VC KOATIOUS KAl KOLALEG

To NAextEKo €Q£0ITHA EEKLVA ATIO TOV
@AePokopo SN, dxdidetal otovg
KoATovg, AV node, Purkinje fibers kat
OTLC KOWALEG

To P-xOpa coupBoAilet tnv KOATIIKT)
dpoaotnootnTa evaw to QRST tnv
koAaxt) kat to U tnv emavamoAwon
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KoAmukn) Mapuaouyn

* Avixvevon og moaypaTiko XoOvo peow Smartwatches kat
photoplethysmography (PPG) SE=67 % - 99.6%
% Apple watch
% FibriCheck

A/

oo Alive Core

* Avixvevon tov ovuPavTOS Kal dxXwELOUOS aTto Tov sinus rthythm
ACC= 89.2% -98.1%

*  Avixvevon xkata tnv dwapketx SR xwolg eppaveic aAAayég oto HKT



Y VAA0YT Aedopévawv

* ECG Data of 69 IIKM acOevwv kat 59 Yywwv

* Orthogonal ECG katayoagéc, Fs=1000 Hz

« ECG duwroxelag 10 Aemttv oe noepia

PAF n=69 Healthy n=59 P-value

Age 57.89+£ 10,03 5555 £ 5.88 0.0176

HR 61.611.7 69.7=11.3  9.2196e-05
P-waves 510 £102 540 £+ 103 -

Male 52 (75.36%) 38 (64.4%) 0.1763
Female 17 (24.64%) 21 (35.6%) 0.1763




E&aywyn P-kbpatog
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* Inverse Euclidean Distance d(t,tref)=1 | X(t)-X(tref) ! |

* tonset & toffset evog P-xOpatog wg odnyo
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MéBoodot

» Time domain features Feature Description
* Euclidean Distance Fy | Pwave duration
PR time from P onset to R peak
e P-wave amplitude F,/R | time from P offset to R peak
P, P-wave amplitude
» Area features D Euclidean distance between consecutive P-waves
A P-wave area
¢ SlOpe features Ay P-wave area after offsetting P-wave to zero value
. . . at onset.
* Time scaling for HR adjustment So | Max Slope
at 60 bpm (1000 ms) Ssa s | Slope at 5%.10%.20% of P,
. 1000
Uepef “]I' -

RR;



MeTouég L1pHaTog

Fy=tor-ton FonR=tp — 15y Pﬂfﬂ:.!'g —Ipf
P-wave area
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Lead X IIKM vs. Yvyteig

Features u a cv max min
Py * 1.4853e-05 | 1.0088e-07 | 4.9257e-04 | 7.5171e-07
P,.R ¥ 1.3464e-06 | 1.6943¢-08 | 3.8277e-04 | 9.4417e-08
ForR 2.62e-02 2.0963e-05 | 3.0620e-07 0.0051 9.5982¢-07
P, ¥ ¥ ¥ 2.47e-02 ¥
D 4.7527e-04 | 9.3217e-08 | 4.7527e-04 | 5.6415e-09 *
A 6.7020e-06 * 0.0334 4.4834e-09 *
Ap 3.4569e-08 * 1.4853e-05 * 1.4929e-07
AA 9.4114e-09 * 1.0947e-10 0.0398 7.6897e-15
Simax 4.5521e-05 | 3.6910e-04 71.6e-03 1.48e-02 2.2829¢-05
Sse * 1.68e-02 * * *
S 105 * 0.62e-02 * * *
S0 * 0.13e-02 * * -




Lead Y IIKM vs. Yvyteic

Features u (o] cv max min
Py * ¥ 4.5521e-05 0.0484 3.6910e-04
PR 0.0334 | 5.9870e-06 | 1.4173e-07 0.0042 2.7046e-05
F,¢R * 0.0032 4.1155e-04 0.0092 2.3255e-04
D * * 4.4540e-06 0.0075 *
A * * * 5.1047e-04 *
Ap 0.0031 * ¥ ¥ 0.0012
N e 0.0427 0.0126 0.0447 1.48e-02 0.0359
Ssq * L.0253F * * *
S10% = = = = s
So09 * 0.0484 * 0.0354% &




Feature Selection Methods

* 60 features pe 36 features
ITIKM vs. Yytelc p<0.05

Feature
Selection

« Feature Selection € €Bodot:
¢ Max Volume (MV) Filter |
* Opverlap of Confidence Interval (OCI) Method [ Method g Method
* Max Determinant

« Singular Value Decomposition (5VD)

OCI, MV, Max Det ue 14 (extog time domain +AA) features
ITIKM vs. Yyieig p<0.05 mowv xkat peta to time scaling



Feature Selection Methods

34 features (extog AA features) pe HR & age
FV 34 featureS HKM VS. YYLE(C p<0.05 0o Featureranking

« FV 34 features pye aviikataotaon Ao ano AA

* Random Forests Feature Importance (FI) can be
used to rank the importance of variables

importance
o -
2 2
£

* Trained model and test data (OOB sample) for
prediction and calculation of error value

2 2 3 1 7 B 8 11 10 W
index of the feature

« Randomly shutffle values of j-th feature
prediction and calculation of error value OOB

* FI score for the j-th feature is computed by averaging the difference in OOB
error before and after the permutation




Random Forests Classifier

* Random Forest is individual decision trees that operate as an ensemble
* Training set by sampling with replacement

*  One-third of the cases are left out
of the sample (out-of-bag) data

* Bagging or Bootstrap Aggregation =) B

« Random feature selection - w/
Test Set

1
« Random Forest classifier pe
20 grown trees




Random Forests Classifier

Instance

Random Forest _— | k&

* Randomly select “k” features from total

> = "I \ T
“m” features where k <<m q/‘ﬂ% . % m
o d d@& ﬁb ST dodb FAUPAN
Tree-1 Tree-2 Tee-n
* Among the “k” features, calculate the node : v
“u . . . Class-A Class-B Class-B
d” using the best split point S —
* Split the node into daughter nodes using [Final. Cless
the best split
* Repeat the 1 to 3 steps until “1” number of
nodes has been reached
Training set
* Build forest by repeating steps 1 to 4 for o Tinigfolds  Testfuld
“n” number times to create “n” number of Iiteration [ TTTTT 11 £
trees Miteration [ [ 1111 | W E

1ok
~iyk F
Biteration [ [ [ [ [ [ [ T [ A k=

* 10 repetitions of 10-fold cross validation

10iteration ML [ [ [ T [ [ [T ] Eyg

* Classification metrics ACC, SE, SP>, AUC



Classification results Lead X

Feature Sets ACC SE SP

[JUA \ j'.tﬁﬂ s E"I.’Sm,f._. t_‘l’ﬂ._. S‘Ingg%

Std S gy maxA, minS gy cvPy| 93.70 + 1.10 95.26 + 2.00 91.8613.82
Ay, stdS o, minAg, maxA,

MaxSmax, WA, maxD, cvA, cvAg] 91.06 +1.58 89.90+3.02 92,37 +3.03
(A, pA, stdSpay, VA, stdSope,,

stdSse ., stdS o5 . maxSpg,, maxAg] 9244+ 1,16 93,10+ 2,52 91.57+ 2.94
(LA, cvSmay, cvD, std S,

StdSpmar, cvPy] 93.07 £2.00 9481 +4.66 91.034 3.48
[maxA, minAy, A,

MinSmay . max, cvA] 86.47 £2.69  B6.3643.68  B6.47 13.44
levA, std S0, maxAp,

MaAxSmay. st Sse ., std S| 87.86+1.73 87.07+ 298 BR.90+ 3.06
|pAg, cvD, std Sage, std Spmax | 0234 +1.49 9447 + 294 89.83+3.10
[1A, minAg, maxA, cvA | 87.01 +£2.01 86524378 R7.47 +3.98
[std S pay, Maxs .., cvA, maxAg] 86.19 £ 2.08 85.644+ 3.00 86.80+ 3.10

Ranked Feature sets of length 1=9,6.4, 1st row OO0B,2nd row MV, 3rd row OCI



Classification results Lead X

Method Feature Sets ACC

SE SP

O0B  [uAA. 655,068, minAA minS,,.] 95.01 £ 091
OCl [ &Smac. cvAA maxAA maxSg,, cvA] 8787 £ 2.04

MV [ cvAA, pA, max By omaxD, maxA] 81.92 £2.65

9547 £ 2.03 94431356

90.05+£ 225 B550+ 438

83194221  B0.50 £3.36

Feature Sets ACC

SE SP

I#Mh jis,.m.. ﬂsz[]f{-. G-SFMEmI:HM|mJ:nSm¢T] 94 I4 i I D’4
[[tAA, 682, OSpar, minAA, minSpya.| 95.01 £ 0.91

[LLAA, OSpar, minAA, minS .| 93424192

94.64 £ 1.96 93.564+2.28

95.47 £ 2.03  94.43+3.56

93.71 £ 248 93.064+3.96




Classification results Lead Y

Feature Sets ACC SE SP Method

[ﬁAﬂ ﬂsfmu eVSmar,
stdSagm StdSpae std S minS ) 7769 +£226 7843+346 76.77+£ 297 mincond.

[evD std Sane stdSsg, stdD,
maxSang,, maxA, maxSy| 7654 +£26 T84+283 7453+ 286  max det

[t Smaes CV8may, StdSsq.,
stdSpaestdDomaxSyge maxSye]  76.15+£259  79.76+29 TI8+4.84 MV

[evD,stdSiom |, std D maxSags,
maxA.maxS g mindg 78494216  80.79+33 7543 +38 0Cl




2 UykoLoT) pe State-of-the-art

Dataset ACC SE SP AUC Features PAF Healthy
Martinez et al. [26] 86.33% - - - V1 lead, 5Smin 46 53
Conte et al. [25] 88% 92% 83% - lead II, Smin 76 40
Vassilikos er al. [28] - - - 85% X and Z lead, 10 min 50 50
Filos et al. [27] 93.75%  100% 87.5% - X, Y, Z lead, 10 min 29 25
Attia et al. [23] 83.3%  823% 834% 090 leads LII, VI-V6, 10sec 180922 N/D
Chen et al. [24] 79.9% - - 0.90 V5 lead, 10 sec 59 38

Proposed method 95.01% 9547% 94.43% 0.98 lead X, 10 min 69 59




Y UUTTEQAO AT

Me axoietx ACC=95.01% ta&tvopovvtat oL vytelg vs. acOevelg pe
totoQuko ITKM

5 véa features tov P-kxbuatog area AA and slope Smax, 520%
eTItvyxavovv state of the art amoteAcopata

Ta features tng lead Y Adyw tov ot de€lx KOATIKT eKTIOAWOT
OUYKAAUTITETAL LE TNV AQLOTEQT ATTOdIDOLV X €100TEQ

O kaEdlaKkog mMaAUoOg paitvetal va £xeL HikEn empeon ota features tov P-
KUHATOG

To kaAvtepo FV emtiAéxOnke amo v RF Baoet tov Feature Importance



Y UUTTEQAO AT

*  ‘Eyxaion aviyxvevon e IIKM xwolic eppaveic evdet&erg oto HKI N
CUUTITOHATA

*  Amoguyn eyke@aAikov emtelcodiov 1 g povipung KM péow apeonc
PAQUAKEVTIKTC AYWYNG

* Amoguyn emepuPatikav neBOdwv Oepamelag KAt KOOTOUS VYLELOVOLLLKT]G
TteQiAOadng



eoloplopotl kat MeAAdovtikn Egoyaotia

* AvaAvon g Z anaywyng

¢ LTATIOTIKT) AVAAVOT] TWV XAQAKTIQLOTIKWV TIOLV KL LETAX TNV EQAQHOYT)
XQOVIKNG KAlpaKag

*  H ovUykoion pe aAAeg epyaoieg lowg odnyel oe aoageleg
*  MeyaAvtepo delyua

* Tlpoomtkr) peAetn



