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Abstract

The humans’ heart is a chaotic system soruse of fractal dimension to identify cardiac arrhythmias has
been considered. Cardiac arrhythmias are prevalent diseases that is very important to be diagnosed.
Hurst indexwhich is calculated using rescaled range analysis method, is used as a criterion to evaluate
chaotic 'systems and. to quantify the fractal dimensions. Previous studies have shown that classical
Hurst index is'not appropriate for classification of cardiac arrhythmias because not only selection of
algorithm parameters affect.the value of determined Hurst index, but also.it significantly varies as the
heart rate changes. In this paper, modified multiple Hurst index has been proposed to classify the
cardiac arrhythmias. The presented index is resistant against changes in-heart rate and can be used to
identify appropriate features to classify. the cardiac arrhythmias. 80 signal from four types of ECG
beats obtained from the MIT-BIH Arrhythmia dataset has been used to validate the algorithm. Results
show that this method is able to detect normal rhythm and right bundle branch block (RBBB), left
bundle branch block (LBBB) and atrial premature complex (APC) arrhythmias with accuracy of
100%, 96.25% and 88.75% using artificialneural network, k nearest neighbor and LDA classifiers
respectively.
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' Surrogate data analysis
" Amplitude adjusted fourier transform

© Copyright 2016 ISBME, http://www.ijbme.org

081

0.6

0.41

0 10 20 30 40

i b

A 5

o LML I
-

IS s e IS5 51 (o o oo D2 —(Y) S0
G0l s se (sl e Ot 5 St C S
A=Y/0 (o ASYYY (Ll J 28 bl sl a ldasl 83 5uome
o0 slod Sl ol 3 edd 551 Jat ok ASTIA (=
el sl eslanal €5l YYE 5l Olialme 53 das e OLES

Sl o obLﬁm‘{:}m‘: X} )‘L@,\;JZGJ&LQJ 6‘f

ECG JLKw Gy oo (glos —Y-Y

ELILS o) oa gles ol sl SWgST o sl
S Il i3l 8 suoman (B, 51 eslinul L ECG
MIT- 8515 oL 51 (gl @ (gl zes) @gas YYEY Lol
Jols L5 ot sl JiSw IS ol o3 ) 5zl BIH
VS slatasn wars Lol en)l o, 65 S
s 60 w5 038 o5l Al o (gla fas [YY 5
Qe opl 55 e IS JUS 5 et sLE 4l
5355 Ol & oS |l S gy B551s 5t
LT SR RN v A PPN N ES g 2
Gl 4 53L 5 258 0 BB, S e s Ls o
23 s e g Sl dwle 5l g Le b el
5l b 8l GHBECG UK s slas & IS
P U RCINN RN U PN S I /SR PR
Jg.,lj phe (I 3 5 el dsle pan Glad o B
S e a1 Of  be b 3


www.ijbme.org
http://www.sid.ir

Al B Gla el stnaib 3 IS 5 03 Sy pdT Olge b3 (sl edd Ol Bk a2t ls Olten

ECG & LB dir o ygn yasls —¥-¥
& ECOULS s slp ok (3510 b o i IS b
ST (gl 5 a5 Gsmw 4 fl atisly odd ORI T 85 gde
T N R e e I
Cpgn yatls 0 IS8 cl miy eldesl 855dmee
AU P CIN I S PP IR S gl Al B
Aas e 0L |, MIT-BIH esls

S (62 0 toslons BBz Car s po U 2L
sl ool IS5 55 4S50k 0 IS 53 odE jasiie
e /FYTE 5 0 /NAVE (1/44VY (/04T

1
0.8
0.6
=
£ 0.4
Q .
8 0.2
0 4
-0.2 M -
aaf| AL )
0.6 A
0 500 1000 1500 2000 2500 3000
sample
()
2 2
HI_=0.9972 HI = 05926
1.8 ir 1.8 overall
) L %)
g e &
S 5
8 14 8
1.2r .
1 1t
1.6 18 2 22 24 16 18 2 22 24
Iogmr Iogmr
® (<)
2 2
HI = 03164 HI = 0.6974
18 e 18 mr
(%) % ¥
2 16 M 2 16
S 2
8 14 8 14
1.2 1.2
1t 15
16 18 2 22 24 16 18 2 w22 24
log, ot ogy 5
() ()

(G Ve ad AL )y Sl e SO =(0) Ja
JS aedd a5l B ok lalpedd end e e
'_)._'aJu.f:L",.::.aJwjﬁbﬁ}u(cuw@jl{BJJJ}w)\;j@.bw
Nssed blE sl 3gdes 4y odkd i3l bt cpd bl
Cod ool g odd pnd Cowygn et ls (0 uliel 83 gdoee
ool 83 gdoes Hls gad b Sle 83 gdeme 4 odd A5l Lt
Goedd B3l ks ol el el el w2 la G

u..uL:;.A)L ;Jj.lm )13).4).; bl Jlf.lﬂ ZJj.W

© Copyright 2016 ISBME, http://www.ijobme.org

by il glaesls 5 Jol a3y Saaen do =(Y) J g
Surrogate s, 4
L;;M..:M A

el 83ls
(mean + std)

L;‘,:ij kol aals

Normal VWY Y/AY + Qe /) vy
LBBB V/41Ye £/YOY 0t /VA 0
RBBB APARYAC YAV /N 008
APC \/VA0A £/740E /AT

2
1 1 _
15 HI= 05026
S o05f 1 0
: 2 16
= S
8 2 14
w 0 1 =
1.2
05 1
1!
0 1000 2000 3000 16 18 2 22 24

sample log, 5t

(<)

HI= 0.7681

1.8
‘ 1.6

1.4

12

ECG (mv)
o = N
T
—_—
—
log 1OR/S
- N

. - . 1
0 1000 2000 3000 R6 18 g 22 24
sample Iogmr
)
2 2
18 HI= 0.6994
fu |
= [
z © 16
S
8 o i 5 14
w
1.2
Ak ]
1!
0 1000 2000 3000 1.6 gl8, 2e w22 24
sample 1og, ot
1 2
e HI= 0.6693
05
> w
B @ 16
o 2
O g 14
& 8
05 12
;|
1 16 18 2 22 24
0 1000 2000 3000 : : : :
sample Iogmr
(>)

sl (g LBBB )l (& Jboj pny (Al =(8) s
S g S G S 0y APC ezl (5 RBBB
83500 ias o) lagel wly S O 5 IS
Btk as e 0L L OF 4 edd (55l B s bty

[ww.SID.if


www.ijbme.org
http://www.sid.ir

\Y4¢ QL'W‘JU Al G)LQ-':' A 0,9 cdf.w.a_) ;;i“:’ﬂ L;.»:.,\*@A A.L;u

vy

4 HR = 89.13 4 Normalized HR = 60
HI = 0.7785 HI = 0.8844 HI =0.7992 HI = 1.0113
overall ir overall ir

= HIl =0.6959 HI = 0.7834 _ HI = 0.7762 HI = 0.7092
> o mr fr > ol mr fr
£ £
3 3
w 0 w o

0 2 4 6 8 0 1000 2000 3000
second sample
4 HR = 56.44 4 Normalized HR = 60

HI = 0.8191 HI = 0.9712 HI = 0.8057 HIVZ 0.9798

overall ir overall

HI = 0.8662 HI = 0.7033 HI = 0.8212 HI = 0.6917

mr

|

0 2 4 6 8 0 1000 2000 3000
second sample

ol jorss () RBBB ozl il Sz SIS -0 S
J LGN RN o Ko so) s a sl Al

ECG (mv)
o

@
=
ECG (mv)
o

SOLES @ gas o el Ca (Sla )15 500 Siome (5513 gl ga0

ol 0k 03l

4 HR = 120.63 4 Normalized HR = 60

| = 0.7538 HI = = 0.9541 HI = 0.9291 HI = 1.0213

H
overall overall

HI r‘08128 H| = 0.5756 HI = 0.9887 HI, = 0.8377
2

ECG (mv)
ECG (mv)

-2 -2
0 0 1000 2000 3000
second sample
4 HR=152.5 4 Normalized HR = 60
HI =10.4155 HI = 0.7637 HI = 0.7834 HI = 1.0031
overall ~ overall —
=~ HI = 0.368 = 0.3118 e~ HI '="0.9057 = 0.5694
mr mr
E E
Q Q
@] [®]
“oo g Mﬂ
-2 -2
0 2 4 6 8 0 1000 2000 3000

second sample

slane (Gop) APC )l o slaz e JSo H@) J85
Cpsn patli (ly) e ()lspaises b glagse SO
Jhoa ol sld ms S s W p gl B
TOLE @ ged e el Sos Bl 15 50 om0 el

RUSIOH PR WAV

p&)@}&@lﬁﬁfﬁiﬂjﬂﬁwd@ﬁ
e ameiyy 5 Gl 05 S uxs (B 0L & Lol el
B sl edd e BB Gy sla sl
S ghuaidk 38 s sl KuK L ex s
oL, Tr a ek ol S5 QS:.W.U e LSL“('-:-:J
Sl paised b dlie pl 5o 50pl) il el LS

© Copyright 2016 ISBME, http://www.ijobme.org

L R L g

ECG
il e cpl L3 odd slgdy BBas Canyss Lasll
crl 2l B 0L, F 5 only (Sl Gy ga gl
odalin 4 U ba JS5 Cor Caas Slajlasad 53 ¢ 50050
ARANFIER SRS ES USSR TR I SR P
TVE )04 ob g 3 LBBB x4 by VoSG
Y 50A o 5 SIRBBB anl by A S

el YOGV o5 53 GIAPC ezl by e 8 S

4 HR = 63.59 4 Normalized HR = 60
HI = 0.6766 HI = 0.9812 HI = 0.7063 HI = 0.9838
overall ir overall ir
E Hl =0.8178 HI = 0.4064 2 HI = 0.829 HI = 0.4537
E o fr E 5l T fr
Q )
(@] 8]
w w
0 MMM 0 JL‘NMWMM
0 2 4 6 8 0 1000 2000 3000
second sample
4 HR = 73.17 4 Normalized HR = 60
HI = 0511 HI_ = 0.8907 HI = 0.6284 HI = 0.9569
overall mr overall ir
E HI = 0.601 HI = 0.2454 2 HI = 0.6638 HI = 0.4253
E 5l fr E 5l T fr
Q Q
O O
w w
0 0
0 2 4 6 8 0 1000 2000 3000
second sample

Jg"‘ a‘f,.mu (%) JLA).: V":i) d"l'd) L;LAC}A P\w/: —(-\) Jg.l
G134 sai Jdsdme N oas T JSE (65, s a sl

NS P WA EY| Wt 4.}}«;3 e C,.wb [P 6&)\}}«; Sdowe

4 HR = 68.95 4 Normalized HR = 60
HI = 0.8382 HI = 0.9775 HI = 0.8868 HI, = = 0.9961
overall overall
= HI =0.9214 HI = 0.6763 = HI = 0.9184 HI = 0.7764
é 2 mr fr é 2 mr fr
Q Q
O 8]
m ‘ m
0 (H 0
0 2 4 6 8 0 1000 2000 3000
second sample
4 HR = 83.01 4 Normalized HR = 60
HI = 0.7685 HI = = 0.9518 HI = 0.8502 HI = 0.9495
overall overall
= HI = 0.8808 = 0.591 = HI = 0.9717 = 0.6996
= mr fr 1= mr fr
Q Q
O (@]
w i}
0 0
0 2 4 6 8 0 1000 2000 3000
second sample

ol oras () LBBB ozl Sl Gl S8 =) S
Cpsn et (Csl)) sdoms Sols paised b Slazse IS
Jhsa ol sdd ms IS ghy W p gln B
SOLES gl e Doy oo L1 00 e ()13 0 5l

RGN IS TR

[ww.SID.if


www.ijbme.org
http://www.sid.ir

Wi B Gla el stnaib 3 IS 5 03 Sy pdT Olge b3 (sl edd Ol Bk a2t ls Olten

Ao e QLA (e C)L;\ LB Sy Lald)
Sl IS5 (555 0k and 5 BB Ny Sy 50 Sla e Ld
Lodas o 0L Y Jadr s edd S5 slie 54 06 7
Glra edd POlol Blas cupe jatls Ll
S bl (Sl BB capis el
o5 O saasili &Sl edd oS Leey S
Fr SOy Sl bapns 5 Sos a5 5050
S5 el B G n [t Ll ol 0L,

Dy o e Shuatd s 55 S d i

ol el POl BB ha Cyp o ls dulsee 5 s
O G W R Py PPV RP JURCIUN RPN - P 0
st 5 (0503 YYED) IS 0553 G L3 LB 0L, 55
Slaslased ol el eslinal e Sl5le 5 resample
ot b LIS e K8 A T sl S )
sbapaxls imen 5 CB OLS FS Ol )
Aas e Ol bloe s oo LBk Cy 9a
S aligls o ls bl 5 o Ske X Jad
B obyS F Lol S a1 S

S 5 S3eOlSs Sl day 5 3 APC 5 RBBB (LBBB (sbs ozl b 5 ot sl i Cysn sl jyslie —(%) g

H|0vera|l Hlir Hlmr Hlfr
Rhythm (mean = std) (mean = std) (mean = std) (mean = std)
B:fROI:IG VAT NERVES I X /AVoEe/ VAL CYFYE VA
Normal Aft
HRe,\ﬁ VAR /8N Y (VO Y '3 VOO /a4y EYANE /A TEA
Before VVAASE /v 04A Vv oS AEaYOY VJAOY AL/ 07 Va\e NE=VARKA
HRN
LBBB . »
HRe,\'; CIAOY VS /v SAY V/ YgEe /Y40 CAYYVE /v 0AQ VAT ALY
Before VYT sV AYYV et/ 50) VVEeQEe /A Ve SUAQE /Y Y
HRN
RBBB R
HRe,\ﬁ CVOaE s /r gt /AVO YA e ¥ WO EIVE 2% JAYYaE. /4y
B:;g\'le VAVAGE /) A AL/ AVY VAAAAE Y8 CEYAYE/V £ )
APC
ﬁg?\ll' CAYN Y /Y AV e/ Y /Y OAES /v EVY ANTE ==LVARN

5 0go31 Olgear (6313 A) Laosls 31w S a2 5o
S ghuail 4 il Olgea (esls YY) Lasslal

B yher SSS A 03 a sl gy (pl s e Jles
Come 5 O3y gelallicasle © by o glsis s
RASNF et IS S s haik ¢ ST 1S
s dby Gapmeeailb ¢l EDAT 5 glees
sl 5l sslizel L APC , RBBB (LBBB sz
5 SIS BBk Sy 5p gl L (S e
(Sro Ugsa edd SSlol BBae case sl axls

.Qw\o.;\.iebjji%;@-\uiéudj.la-‘)b

© Copyright 2016 ISBME, http://www.ijobme.org

i sla e )T (sauaid —¥-0
syl 3 KNS casa sl ladllas ol s
4 alimNol 5 SS l- s 3 Sk Cn
W)l 5 Jl s iR, suaidl sl S5y Olpe
ik (el ol o1 o3tz APC , LBBB RBBB
5 wbeer G SSG05 (e B lelis guaidh
Sy Wasls oS Sl 4 x5 b .l 0l a3lizd LDA
Voo ekl Gy Ol mB sslepsle 5 sauaib
Sope laesls o shie ol Gl sl ok e3liad gl o

E.\J‘Q.LSM u.:b/\ Lwd a)«.ju::.ﬁt.aj Q)}Aé\.}@)ﬁ

'10-fold cross validation


www.ijbme.org
http://www.sid.ir

\Y4¢ QL'W‘JU Al G)LQ-':' A 0,9 ‘L;:Ma.ij ;;i":’ji J»:.,\*@A A.L;u

\Vo

may SIS G n glad S LDA 5 ae 405 lian S0 5 laediS ghuadb 3l eslanal U saaid o —(¢) Jgi=

S Olgs
Sl 035 polas sdiSghuazb NS Cmo
ol g O Ry O O I s O R
LDA LDA LDA
S e A s s 4ylen
Normal Ar \z 10 AV 4y A0
LBBB 00 £0 Yo A0 Av AV
RBBB o £ A Ar VAIYY Yo
APC g o Yo Qs q. q0
Total oVYo 00 oy/o

BB Canygp slaatls S LDA 5 ez Sailoas o S G850 b liS shuaid 3l eslinal b sduaib o] —(0) Jsu>

S Ol SIS

ol 03 g el sdliSgduaib NS o
ol g Bl A B Ay S T
LDA LDA LDA
A Bl ol s dlees

Normal Yoo 9. 4. /1 471 4/

LBBB Vo Vo Ad a0 4 AV

RBBB AO Av Vo LRva q0 Voo

APC 4 4° 40 40 LR AR S VA

Total AV/0 AY/V o A0

EKJ“% W))A Lsuyu 9 LDA 9 wﬁ.a.&‘« :’&WJ c@_w u—.’.j:&:’.':j" 6&5”64&:@ )1 oalazul L Lg.l...m.ﬁﬁla @LL —(-\) J‘g-\?

L}S/ﬂj »J‘},&Aa (R Cw\

il 03 g polant] s liS ghuaib S Cms
sl g el s S DA S DA
LDA LDA LDA
A A e s -
Normal Voo q0 q0 Voo AA/YY Yoo
LBBB N s0 4 Ve 1 4
RBBB Voo 40 40 Voo Voo ..
APC Voo AR Vo AR Voo Ay /Yy
Total Voo VYo ANV

imio 3T 5 (R/S): o o ladaly (sl Sl
Sos Slapts $lp g850 p) S 2000 255 o2&
OF 5l e 5 A gy Sted 5 3,4 (benchmark)
03Lizal ECG LS Sty pdl ) 2 (512 (Sobme Ol 5oy

© Copyright 2016 ISBME, http://www.ijobme.org

SpS w5 o 4

5 LECG Ji&w 035 Slusil 5 ot o dllie cpl 5o
02l e 5 S ey S e 5 il B30
S5 Olpear OF 3l 5 (3 e odd Slol 8k o 5a

A oslizal 5 gla e )T gduaids gl

[ww.SID.if


www.ijbme.org
http://www.sid.ir

WA B Gla el stnaib 3 IS 5 03 Sy pdT Olge b3 (sl edd Ol Bk a2t ls Olten

R.../S _. )
m'i'fl,.’.'.l',’d PSSl T e Gl s Sl el

eles

Nt Y ) T R T Bl e S e e
deglie 53 5 odd Sl Byja a8 Col 6,8 S
e SLSs e gl 4 baesls S 51 eslanad L
Pyt

3 el (s 5 S Ko Sla s ol 5
SO sls a8 i s b L B BS,
03 a3 (S el bl Cenj Sl Al 8 g 5
(R/S) = daly 3| comssn las 3550 sl sy o)
& Jlsses s el b Dge S, Sl G
ol 0 o3lizl T e (R/S),

Sl G Vo o LIY] B 5 5508
/0 jatiie ey gl L Ssl oS > Bgns
Bla= 5 JLSs Jsb ilime nlin &5 Wlodowy 4 ]
fosln oy gm Gl lne Ol il 5 Sle T lde
i polie 4 00l v gl s IS e SB e
3 ) ShpdSs Jsb b IS e pa sl
Sl Bl ity pl S 550 Dbl (45000
Ol oo ol Al g8 508 e s e
rl ol s S e TJLCE Jgb ol pgslang: 1
odr a5 Lot OBRla )l & ax g Lol el
emen 5 L 5 530S Alae s eds &1
ol e Gl S sl fann s ekd Ll gl
b o s gl Seslanal Gas 5 VY 5 \Y ) el
b s ol B sl an )T s 555 plobid s fassy
>4~ 30 ECG L;udt,@ 3 pailged uilS 5 u.:;ejfjb);
WIS b el ol has o) il 5 Sals oKLehs
iy s b s 4l YYE ey 4;,_{“ Slade L}}\J;—
Sy ol b 4 Jsb « Slomey a8 ol ol wjf
Sl 0lld 3 om0l WS Jlae T Sllde wjﬁéww
£ Ol S8, polie &S ol Lasiie pabse onl S
4 g 4SO s e (6558 Cewer Sl ;)ﬂﬂ
OBGl ob S Sles Slags w3 5 el ately IS b

© Copyright 2016 ISBME, http://www.ijobme.org

odls 55l kx4 RBBB 5 LBBB .zl s
O L il 5o il O3 Sastl S Sl 5Seep
P VS}:;'APCJ«U“)TJ I oy b o sl gl das e
ool 33 ool 005 Sl saas0lis oS w3 i
sl

IS il 53 (Shs Olgsa Cass sl
55 e g mell Ll plale 053 s esliz ECG
& e linil G sps w3 8 ks 5 gleld OF il
Sy 5 51 S e s elal s sl ol s
e e [\Y] ELes 5 o S e 5 [VY]
Syls J<~w (,:w}i\\ Sla el ) sn sles (gl ol
Al RS dls 2y ) Klosle bzl 0l
¢ (RIS = CTH dal,y 5l cjsn led syl iy @
3 ol eslizul (1) a8 gazms 5 Job o S (LK Ik
(1) as gazms 55 3liad €5 (R/S); anls

s ke Sl eslizad VW] 5L s B
ol s S s 2 (R/S)p sloen s 15 IS (1 Kks
St b (IS 3 oS Llasdbalins s opl &
Sleireudown  Sle 51 sslimsb L (H>1/00 on) e
03 el G5 mls polie A okl il D sa
Cate  Soson Slyls Jpmra bt LS 315 lis
s @l JoslBSLe 51 eslinad by tds
Censr sled gl 5w, S s s e (R/S):
L (R/S)r dolonn (23, ¥ cpizman LaOT 555 0 (55553
T sl sl oy oo Kles S anslie 5 bt 8l y
L Ol sen i slaas sore 5 aar 4 bs s RIS 5las
SWBROT (Sl ol ctilots gl g LSS Jsb
035 s 3o e w88 iy e Bl dls
RIS plas p g sy 52 5 BAS W SRSV @ 2 gl
Coysn Gl dals 53 T 8 gl 0l C\)ﬁ:ﬂu\ sl
3 2l S Glalse kya ey i) sl eslinal
55l Ghas 3l eslial b sdal sty ey pa e il
Jsb Gl b bl el 55 (W3l e 4 o
5 Liphg e Gl 4 s e ol IS
o3lizal (R/S)y ilons gl Jomo Kls 51 2ass ol

[ww.SID.if


www.ijbme.org
http://www.sid.ir

\Y4¢ QL'W‘JU Al G)LQ-':' A 0,9 cdf.w.a_) ;;i“:’ﬁ J»:.,\*@A A.L;u

\\a%

5 SMS B vy pp Latls (gl TA0 5 ATV
R W R YA - B IVARA - RVA R
serls 4 by el sdal Cowddy ol oL
Capsr Sl 4 s sl P Sl cuy
Sl 25 SIS BB Gy pp e ls 5 OIS
Lol ol Lasnis glp 4 S1das o Ol |, o9
9 S W o.l.i:CBLol LBk Cawjsn Lol eslinad
e S (el 5L U Sl (€503 YYEY) SNGBRC e
S el OF Cllae) dy o e lasl (358 Ll
Ll £( 55 o3l ot Olo o a8 53 b Sips g ool
DUS 53 sea S ol has el Ve et 4 olass
D g Qaleu'\f.éc,é:b_; oS Oloy o oS slasess
o by st e Dde Vb s eslie cals 4
S Olge edd POl BBas canypr el SIS

58 eslizal 5 slaeny shuakd s ol S5

8‘ J.a—O

[1] N. Xinbao, B. Chunhua, W. Jun and Y. Chen,
“Research progress in nonlinear analysis of
heart ' electric “activities” Chinese Science
Bulletin, vol. 51, no: 4, pp. 385-393;2006.

[2] C.K. Chen,"C.L. Lin and Y.M Chiu,
“Individual identification based on chaotic
electrocardiogram signals” Proc. Conference
on Industrial Electronics and Applications,
2011.

[3] E.D. Obeyli, “Recurrent neural networks
employing Lyapunov exponents for analysis
of ECG signals”, Expert Systems with
Applications, vol. 37, no. 2, pp. 1192-1199,
2010.

[4] H.B. Xie, ZM. Gao and H. Liu,
“Classification of ventricular tachycardia and
fibrillation 'using fuzzy similarity-based
approximate entropy”’, Expert Systems with
Applications, vol. 38, no. 4, pp. 3973-3981,
2011.

[5] M. Rhaman, A.Z. Karim, M.M Hasan and J:
Sultana, “Successive RR interval analysis of
PVC with sinus rhythm using fractal
dimension, Poincare plot and sample entropy
method”, International Journal of Image,
Graphics and Signal Processing, vol. 5, no. 2,
2013.

[6] AK. Mishra and S. Raghav, “Local fractal
dimension based ECG arrhythmia
classification”, Biomedical Signal Processing
and Control, vol. 5, no. 2, pp. 114-123, 2010.

© Copyright 2016 ISBME, http://www.ijobme.org

slgig lBar Canjsn yaxls Wlie cpl s (ol
ol (ol 5l SlBur cgsn sl arls ol sl
5 She e3sde (S w3l (D IS 4 edd A5l
s oo dpmlms ulidal oo Sl ged UL 63 e
s dnloes B s gla et L 51w
Corsn 5 Sl odd apsls Solite T ldds e35dmes
A5 el gluiil ml bl ol 6 el
S M o, Sl 4o Ll e
b el @ L SBha capss el
(R/S): o )& 15 gas 31 (S sS 85 5dme 53 0l 351
@obj sl Ol = Ul by ol T
G S ) (A3 A5l Ol B o SRSl 4 sases 5
plril o3sdoms 8 03 T e (R/S)r oy Sl g
ole B UL Jsb o/0 ) ST pslie o gkae ol gl sl
slis &S bos pl b adl scand ol Ol O 0 sy
ieS T o sl eal Gty Ol gy SRS sams 5
Dgls Ve

il (glad gel 5 a5 ol sl eslaglbis ddlis o) s
old dilown BBk g el @hy 5 S
Gluail dis S sgls. g 55 B IS 05,0 Susl,
B o s (el Sl o S dal g lpds |
o 4 dSTapls (5 2SS 0y SAS| el Cw\
Dy e ekl 5 Sles

(S Olyea Case gl Sl eslind b oalsl
RBBB (sla szl 5 Jbojs oy Jols ECE sladlSw
i oS cluaid 5l eslizel U APC , LBBB
Ll ol oaib LDA 5 wlusms o BSs 5 ¢ omas
Eb silpslis 5 chuaib oy daesls (o5 shas 4 x5
b el el eslinl 10-fold cross validation 5, ;|
Cysr Harld (KNS cangn gl Sl an
doss el ol Ll edd PNl 5 KNS FH{LITeS
Sl 5 dls s sl gl S Coo
claodiS cduaib 5l eslizul L APC 5 LBBB RBBB
JOUYO i SO LDA 5 alaen 1 355 ¢ ere 03
JAVIO 5 KNS Cysa slad gl T0Y/0 5 T00

[ww.SID.if


www.ijbme.org
http://www.sid.ir

\VA

AR NI FPRtTAR :ﬂ)S)sozﬁdb}jTQ\}:‘&Lﬂj)lLg\ﬂa.,\.ic’b’\_a\iﬂfxg Sy g yaxld Olien

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

A. L. Goldberger, L. A. N. Amaral, L. Glass,
J. M. Hausdorff, P. Ch. lvanov, R. G. Mark, J.
E. Mietus, G. B. Moody, C. K. Peng and H. E.
Stanley, “{PhysioBank, PhysioToolkit, and
PhysioNet}: Components of a New Research
Resource for Complex Physiologic Signals”,
Circulation, vol. 101, no. 23, pp. €215-e220,
June, 2000.

R.R. Sarvestani, R. Boostani and M. Roopaei,
”VT and VF classification using trajectory
analysis”, Nonlinear  Analysis: Theory,
Method and Applications, vol. 71, no. 12, pp.
55-61, 2009.

A. Block, W.V Bloh and H.J. Schellnhuber;
“Efficient box-counting determination of
generalized fractal dimensions”, Physical
Review A, vol. 42, no. 4, pp. 1869-1874,
1990.

T. Higuchi, “Approach to an irregular time
series on the basis of the fractal theory”,
Physica D: Nonlinear Phenomena, vol. 31, no.
2, pp. 277-283, 1988.

S. Spasic, “Spectral and fractal analysis of
biosignals and coloured noise”, Symposium
on Intelligent Systems and Informatics,
Serbia, pp 147-149, 2007.

Z. Wang, D. Guo, X. Li and Y. Fei,
“Estimating hurst exponent with wavelet
packet” Proc. Conference on Computer Aided
Industrial Design and Conceptual Design, pp.
1-4, 2006.

E. Molino-Minero-Re, F. Garcia-Nocetti, H.
Benitez-Perez, “Application of a Time-Scale
Local Hurst Exponent analysis to time series”
Digital Signal-Processing, vol. 37, pp. 92-99,
2015.

A.P. Pentland, “Fractal based description of
natural scenes”, IEEE Transactions on Pattern
Analysis and Machine Intelligence, vol. 6, pp.
661-674, 1984.

J. Theiler, S. Eubank, A. Longtin, B.
Galdrikian and J.D. Farmer, “Testing for
nonlinearity in time series: the method of
surrogate data”, Physica D, vol 58, pp 77-94,
1992.

© Copyright 2016 ISBME, http://www.ijobme.org

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

M.L. Talbi, A. Charef, P. Ravier,
”Arrhythmias classification using the fractal
behavior of the power spectrum density of the
QRS Complex and ANN”, Int. conference on
High Performance Computing and Simulation,
pp. 399-404, 2010.

S. Don, D. Chung, D. Min and E. Choi,
“Analysis of Electrocardiogram Signals of
Arrhythmia and Ischemia using Fractal and
Statistical Features” Journal of Mechanics in
Medicine and Biology, vol. 13, no. 1, pp.
1350008, 2013.

Y. Sun, K.L. Chan and S.M. Krishnan, “Life-
threatening ventricular arrhythmia recognition
by  nonlinear  descriptor”,  Biomedical
Engineering Online, vol. 4, no. 1, pp. 1-6,
2005.

M. Julian, R. Alcaraz and JJ. Rieta,
“Generalized hurst exponents as a tool to
estimate atrial fibrillation organization from
the Surface ECG”, Proc. conference on
Computing in Cardiology, pp. 1199-1202,
2013.

U.R. Acharya, H. Fujita, V.K. Sudarshan,
V.S. Sree, L.W.J. Eugene, D.N. Ghista and R.
San Tan, “An integrated index for detection of
sudden cardiac death using discrete wavelet
transform and nonlinear features”,
Knowledge-Based Systems, vol. 83, pp. 149-
158, 2015.

M.A. Sanchez Granero, J.E..Trinidad Segovia
and J. Garcia Perez, “Some comments on
hurst. exponent w-and: the long memory
processes on capital markets”, Physica A:
Statistical Mechanics.and its applications, vol.
387, no. 22, pp. 5543-5551, 2008.

J.B. Bassingthwaighte and G.M. Raymond,
“Evaluating rescaled range analysis for time
series”, Annals of Biomedical Engineering,
vol. 22, no. 4, pp. 432-444, 1994,

M. Hemmatian and A. Maleki, “Influence of
heart rate on improvement of fractal
dimension feature based on _hurst index
method for cardiac arrhythmia classification
applications,” Proc. of 2" International
Congress of electrical engineering; computer
science and information technology, pp. 265-
274, 2015 (In Persian).


www.ijbme.org
http://www.sid.ir

