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This paper proposes a new method for the automatic detection of atrial fibrillation (AF), using Markov regime
switching GARCH (1, 1) model. The proposed method is based on the observation that variability patterns of heart
rate intervals during AF significantly differ from regular patterns. The proposed method captures the different
patterns of heart rate intervals between two regimes : normal and AF states. We test the proposed method using
Massachusetts Institute of Technology-Beth Israel Hospital (MIT-BIH) atrial fibrillation database, and demonstrate

the effectiveness of the proposed method.
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Figure 1. Comparison between Variability of Heart Rate Intervals in
Normal Status and Atrial Fibrillation Status(Record 08455
in MIT-BIH atrial fibrillation database)
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GARCH(I, 1) 28 & %%%f‘i} s WY e
3he okl A 7 duby o
A & A Bi%*é TFZE 593
A 9 thEngle, 2001).

tA A AREA dlolH o thellAl, MEAEE YEl =
W3LE A X o, B 2o A9 ¥ th(Klaassen, 2002).

B AFolA = w4
7] Wzl ¢A - Az
et pst ol oE3}e
(Klaassen, 2002). t—1AA7A S #FA [, =
7t FAA A W, ZAF e, = Bato] 00] 1, JJO] h, % At
EXE 20 7P 3K Gray, 1996). 183, 2AFEAL
h, = GARCH(1, 1) Rg o2 Rdg Aty /M43t o] & &
21 8}ste] EE 3 T 2 THGray, 1996; Klaassen, 2002) :
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0, 8419 AR B2 e HaFFolnt

Z+z} A A (intercept), ARCH 24, GARCH

A9l W5/ vlolE ¢, o 2AREA b0l ¢

g AA GOl Fgefok 37] WE, w>0,a>0, >0 7}
4 31 Th(Juri, 2005).

N

22912 AR GARCH(1, 1) &3

N E T HAS BE 2 St 47 24 Hod 23
So] | g e} o] At E A" EYoltt ¢
AR TS Y = JE T s, 7t hEE 34 & ¢ 27
ol vEEZ AAS Byolgty ot YT s, = 12}
np 3 A S w2kl 7H 3ok (Juri, 2005).  AFoA =
(s, = 1) ARA T e (s, =2) F 7HA FHES Y
s}sl7] 913 22k kR X AU (two state Markov chain) & AR
gk &, t— 1A A Ao e s, o] o], Al A
o Bl s, 7t Y W, AgSES

p“:P(sr :j|5171 :Z)7 747.76{17 2}
EaTdth

np2Z T HASGARCH(I, 1) EZ S nfaZ S H g 2y
7 GARCH(1, 1) 8= A%< Bgolth el 5,71 i
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£ 1ok k=, o] & BF 1Hste A ALY B
(intractable) 3}T}. o2 dt = H A 29| JEA & A AT, 4]
)9 nE Aol M5B EE eV Y E 2AR H4t
o] HA e gE3HA & =
2005). Klaassen(2002)= o] &g A o] that tto =N, 2]
)9 W& g Zo| ¢
2005; Klaassen, 2002) :

1>
Of¢
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rir
o
o2l
o
24
r2
ofr
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2
=
=
=
=.

W) =o'+ +5YE R, s, =i, [_|]

A7V b, O 2AFE Z1RG B, s, =i, 1 ]2 S
o] A4t th(Juri, 2005) :

Elhy ls, =i, 4]
= 15;‘1‘,7:—1 [(/ﬁm)2 +h§721} +15ji,t,—1 [(ﬂ(j))z +h£j—)1]

- [I;z'z:,t—lu(i) +];‘7’i,t*1/1/(j>]27 i, jE{1,2},i#

0:]7]/‘1 .7'1\_:_ St,lgl }71}\-01111, E)ﬁ,t*l‘% q%ﬂ]' 71‘:.]—01 ﬂl’ﬂ'%‘:}
(Juri, 2005; Klaassen, 2002) :

I;ﬁ,t—l :p(st—l :jlst =1, 4—1) =

A7NM Pls, =4l )& 1ol FARE ™, 5, =59 &
E P(s, =4l )21 ol FARE W, 5,= ;9 FEoIT}
E 9= Klaassen(2002)S] 2 & 7]HE0 2 3o, ST gb4
(likelihood function)E HUJ3 o 2N B9 R4S 343
A Th(Klaassen, 2002). 253 o] FHH W, tAH o] AuktA
kg ¢ 7k &3 THAS, AP E) L argmaz; () Ps
=il}) & B3NA FHE 4 AU TH(Gray, 1996; Klaassen, 2002).

~

3. 3

3.1 dlo] €] : MIT-BIH Atrial Fibrillation Database

MIT-BIH Atrial Fibrillation database™= Beth Israel Hostal®]
Arrhythmia Laboratory | Al A &-3}= tlo]E{ 24, &2+ Ald
Aol doid 25789 10A12F Aol 9] A E(sampling rate
250Hz) 2 A uHEA S Al g-5ks d| o] EfHl o] 2] thMoody and
Mark, 1983; Goldberger et al., 2000). Moody and Mark(1983)l
Al o] BlolE oA FE AREA S ntg o g Al A
AR & vt X A Q02 2885t A3 MIT-BIH Atrial
Fibrillation database S 471 3} 2.1, Physionet webiste(http:/www.
physionet.org/physiobank/database/afdb/)ol| A AF-&-0] 7153}tk
(Goldberger et al., 2000).

B AT A= A Ho S 918l A, 250HE ST &
oA9E HlolE EQIEE 12.5HzE downsampling SF ¥ Th &
AT 25709 record F, 2 9 A AAEA T BESAE
7} 1071€] record(00735, 04048, 04746, 04908, 07910, 0
08378, 08405, 08434, 08455) o thafl A A A & &
Stk

324843

<Figure 2> MIT-BIH Atrial Fibrillation database ©] 08455
W record® & ATNA ANGE LSS B3 2B 2
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H}E o & B F} <Figure 2>(a)= 084559 record ] W aH&
AE & BAZD. <Figure 2>(b)oE FloJE o] 220l 4] A
F3HE true stateS HIEFO 2 AJHMAE JL7FS £ 07 WA
AT <Figure 2>(0)5 & AToA AN dugFoR

B FT e me e, & 9 AT el
2 58 2HY AP0 AA FHTA 4P QA5
Ae ¥4 o

Table 1. Definition of True Positive, True Negative, False Positive,

and False Negative Events

Algorithm
Normal AF
Normal true negative false positive
Truth - —
AF false negative true positive

B AFGA AAE WY s TAHCE ZA817] 9
3kad <Table 1> 2] true positive, true negative, false positive,
false negative °| W EE 4 2|3} 4 THZhou, 2014). 4 & €1, &
A Akt A o) Walkg o 5 dagEo) Aoz Adsdn
A true negative, A WA E 02 A3t false positived]
3] 3L}, true positive, true negative, false positive, false nega-
tive O|HlE7} dojt 3142 Z17] TP, TN, FP, FNo|2}al Ue}
Y1z, o] & &83}9 Accuracy, Sensitivity, Specificity] Al 7}
A S AEE A Y8t

(a) Raw Volatiity of 08455
T T

Log(RR) - Log(RR-1)

. e . - e

umc (s)
True regimes of 08455

- Wmmmm

Ume (s)
Est\mated regimes of 08455

Log(RR) - Log(RR -1)

Log(RR) - Log(RR 1)
— ™

- — 1000 1500 2000 250 W
time (s)

Figure 2. (a) Variability of Heart Rate Intervals(record 08455),
(b) True Regimes, (c) Estimated Regimes Diagnosed by
the Proposed Method

AA BEA 5 48 £7E

* Accuracy(Acc) : % BEA 9 Hl&

TN+ TP

Ace = N T TP Y ENTFP

* Sensitivity(Se) : 44
EYERE

383 -

oy
ol
[5:4

* Specificity(Spe) : A4 #ZA] F A0 E BFH B2
H) &

TN

e = TNy Ep

<Table 2>= A A3 e 5o JeA & daglolth B&
A FEAA 90% o] Bt 4 B4} <Table 3>
AN S Fe Bt AeA E ghe FA APAT oA
Ajkehs 4125 oA #h vl g A oo] B (Larbury,
etal,, 2011). Al 7HA) A% A F3H2 vl w < o) A ekats oy
T s B Ae L+ 3

}:_.Q_
[=1

.—ﬁ

o] &4

Table 2. Performance of the proposed method for each record
of MIT-BIH Atrial Fibrillation Database

Records Acc Se Spe
00735 97.17 87.50 97.24
04048 97.30 84.62 97.55
04746 96.03 98.96 90.71
04908 91.00 87.85 91.32
07910 93.33 93.51 93.29
08215 97.46 99.52 90.80
08378 94.24 95.11 93.95
08405 97.21 99.65 89.26
08434 90.67 88.79 90.78
08455 97.68 99.19 93.33
Average(%) 95.21 93.47 92.82
B AT M A AT S Section 1.3914 A58 7]E9 ¥
A 71 e AR I SaelE, vhA L 7 ek ¢
1EFde 2, AN oy o e v s dde &
Fah Fo i AT GAS T HEd T3 RE S
AR dole o 2713 a3 Al Al WsA o s
£ A 18 £ 9lo], 71E RYF Hu s i A A E
A Az ElolE o EAS Bt & AW d 202 doH T
4.2 3
‘E?ﬂ A%} 8 ﬁk%} ToAE AL

REREE DEERET
1%ﬂ%qﬂ@ahm%°
FEEUEREEED

ol Zetste], A e/ A A E *J £ 7}7] ©+2 GARCH
(L) 2L 53 mdydgrozn A4 Jel ot AAlE A
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& A3t o) Akt ¥ -2 MIT-BIH Atrial Fibrillation data-
baseoll %3 records F &3 7o AAGH, AEA S EH A
A S E 3310709 recordsE T3l A 55 QAT Accuracy,
Sensitivity, Specificity 2] Al 7FA] A 52 ol Al Hd 4 0.2 90%
o] e & By on, o A NPAFA AN &1
g AsHugds o ¢ttt & 5 Qi ol ¢
A dlol B 9 WA T3t A4S gAls
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Cammarota, C. and Rogora, E. (2005), Independence and symbolic in-
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