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ABSTRACT

Background and Aim: Cardiac electrophysiology study (EPS) is the study of the electrical
system of the heart. One of the most common methods of treating cardiac arrhythmias is
ablation. The main problem with this method is determination of the position of the heart that
must be be ablated. Electrocardiogram (ECG) signal is used as a non-invasive, safe and fast
tool to understand the electrical activity of the heart. The aim of this study was to identify the
focal atrial tachycardia ectopic foci based on ECG signal analysis using sparse decomposition
algorithm.

Materials and Methods: 12-lead ECG signals of 48 patients with focal atrial tachycardia
were recorded and stored. After preprocessing the ECG signals, by using Pan-Tompkins
algorithm, each pulse of each signal was separated. Sparse coefficients of test data were
calculated based on the sparse decomposition algorithm and the test data were classified. 4
anatomical position in the right atrium, one in the septum and 4 anatomical position in the left
atrium were considered as 9 classes and the position of the ectopic foci in each test data was
determined.

Results: At first, the location of the ectopic foci was identified in the right or left atrium, and
then the exact anatomical position in each atrium was estimated. The average accuracy of
identifying the position of ectopic foci in 5 runs of algorithm was 81.27+2.78. The mean
accuracy of identification of ectopic foci was 61.73% in 4 anatomical position of right atrium,
64.05% in septum and 65.16% in 4 anatomical position of left atrium.

Conclusion: Based on the findings of the study, the location of the ectopic foci of focal atrial
tachycardia can be identified with appropriate accuracy using ECG signal analysis before
performing electrophysiological study.

Keywords: Heart electrophysiology, Ablation, Focal atrial tachycardia (FAT), Sparse
decomposition algorithm.

Received: Sep 20, 2021 Accepted: Aug 16, 2022

How to cite the article: Fatemeh Mohammadi, Ali Sheikhani, Farbod Razzazi, Alireza Ghorbani Sharif.
Identification of the Ectopic Foci of Focal Atrial Tachycardia (FAT) by Using Electrocardiogram (ECG)
Signal Analysis.SJKU 2024;28(6):12-22.

Copyright © 2018 the Author (s). Published by Kurdistan University of Medical Sciences. This is an open access
article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0
(CCBYNC), where it is permissible to download, share, remix, transform, and buildup the work provided it is
properly cited. The work cannot be used commercially without permission from the journal


mailto:mostafa1372@yahoo.com
mailto:fateme.mohammadi86@gmail.com
http://dx.doi.org/10.61186/sjku.28.6.12
http://sjku.muk.ac.ir/article-1-6973-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-04-27 ]

[ DOI: 10.61186/5ku.28.6.12]

1P-PR/1ICoP sidml (agy / Cubia § Gy 2)9s / 9GS (Sib)y eole alGibils (alc alas

Focal Atrial Tachycardia ) 9 (59l 59 )G (0 3T oy l5 (Slil]
[Electrocardiogram (ECG) JUsw 3T 3l oslaiwt b (FAT

T yh G0 Lo ple T83155 W Gl e | Seom dablb

18G5 5 2SI g (U s oy ) 2002} 015 ¢ oDl 51T o303 (ol 5 sl ol g €0 oS i S5 i (55575 )
e eme e N SNAEYYYO ST US - Y-AMAAY - F el al Tateme.mohammadi86@gmail.com

e YOS BFAY ST A8  C0 eOlg  edhl 1T oKl (Dot g ple doly ¢ Sy igs 65,8 skl Y
e YRV ANY LS ST 00 08 Dl 31T ol (i 5 psle dly (e 05,S 5L Y
N A A A BV XK S INCR PRI JS PRCTRN I g IP S P PST PUEL VSIS By Je L PUPIPRUN RSP I

oS>

Lwlsﬁ)Tou)sdjmL;uu:”,'ldii.,uu@&isé;,sﬁ}g,,wbg,ﬁGQ,{J\WA,JUM 1UD § Ao )
3,8 315 il o WL & sl B 1 tmbgn s s ol ol S nl (k) o sty S (gls p sae
53 1 g 5 el oo g 513 &S5 0l s (Electrocardiogram (ECG)) o1, s 75 S0 S o 1T S
s T ol 1y ka5 515 (63, K86 Wgn 0518 5,05 a5 53 bl gl .3y 00 4870 b (SO S e
ST gLl &S5 a i 02, S S eslisul LECG

3 e ) et 3 sn e 5 L S bas G515 (63K 4 Y lay FA ECG JISKw A3 1Y 1 95 § Sge
Slaesls &S5yl 1355 n (S3laldr S 52 G0l &S5 ST 2t oy 035 S Sl eslinl L ECG bt
34U S (Tmaly as 53 b F b e (o i St (glaosls 5 ol dnlomn S5 4 2T 03, S bl
0303 2 53 W pn 0SS Cige ol a8 55 ot 4l IS8 Dl e las 534U F 5 e 53 o p s
P e el

S LT G55 Comdgn s 5 0kd g Lalis o s b 5 Sl s 55 (63,18 Wse 051 (5,5 7,15 1ol sl adly
MY YA 058 (sl 5L 0 3 (53,886 e 0517 g lalis Comn K0k 3 58 0 035 el ilas o 3
s b5 FVVY ol ol s 4B F 5 (63,86 e 0515 o lalid S o S0le .ol 0T Sy
ol ol deloes Loy FONNG Ll o das 4B F s 5 /00

IS SIUT 3l aslinal U (s 5das G515 (53,886 W ge 03187 (6,851 Cand go 25 slaadl ol 1S ™ Aol
el glalid BB e S35 L 5 5 S andllas plnil 51 15 ECG

S5 4 i o) S e bas (SIS TB ¢ il 0B (5550 55 SN Sl Dlols”

VE /B0 b do VE VIO L e Dol VF o /8/Y A lie J p s


mailto:fateme.mohammadi86@gmail.com
http://dx.doi.org/10.61186/sjku.28.6.12
http://sjku.muk.ac.ir/article-1-6973-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-04-27 ]

[ DOI: 10.61186/5ku.28.6.12]

s30T 0935 (Ll 1iE

IS Gillan 5 (S5 SU s e (S 5T L
05 e o, 51 S S ol 8 2
o5 el 5,5 o Lu (Sinoatrial node (SA))
ez 93 a5 Slad Spsen 5 028 oS5, SA
S e o F b 8 AR sie e
&b 3l s (Atrioventricular node (AV))
Jub s AV 0 3) by ias olamtl zlis il
V) 3t i oy e (S S ) ot

Y

.

Ao
bl (SO Elael gl s S Djsen S
L o liS s gl ol sl Ly, AS
S58mrds S, Ll ST PR UYRE I
39505 8wy 55 Slgz 5 odas 5 dialion (M
ol el ()T Oleys 5 beslSs 4 o 5hans
el b (S Sl 0T 3 o8 el il 5 S
51 (83, K5) Fpreb (53,550 ,) jaaal b 5 odis

By du g ol S

Al (0 TN s s 1) S

comay opl s (D) (g ety u.gl.fjs S5 5 se
B P
N 85 laal 5 518 5l eslizal L ocdsl gluls
03,513 odiS Cylla ;b Soyp0 4 4L OT slad sk
5 adls oYU Hles Sulbge Ol il By Lisd e
SR 55 e ray opl Sl ealal bsyls (oST Slr o)lse
Slolen ple Oak (G slags, ST 4 Mo
s G gl dem (3,IKSTB )5 cdo )5 A0 I i 8
(Paroxysmal Supraventricular Tachycardia
sl s, ST s 5 doys 40 51 i (PSVT))
IS s5i o ool oS (655 heod AD I i

Cow bl oS ol LB 51 b e el Gy opl el

B om0l San e B (S S SV
‘ﬁQ\MW);Jwt;jﬁmwﬂjaﬁd
Lph o gduaiws B by ez )T Calibes ¢ls)
G sl )T glsl 51 (S sdas G515 (52, K8G
33 gaiiin SLO S oz, T Wse Jous &5 Sl ol
S8 638 Lz )T & bl .l bajdas 51
ASle )i‘.‘ ‘_;le.A:;_JT 097 e Ml e (gdas
Flom ol OT Olays s odas 5 5 0 gDl b

ol et
Sl ts) OF 3 8es il 5 02,7 p5 ol
S5 eslitul 3550 b5 by ez )T Oloys (ol ikises
(o e, Oloys Jolde sla s, 3 S 05,8


http://dx.doi.org/10.61186/sjku.28.6.12
http://sjku.muk.ac.ir/article-1-6973-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-04-27 ]

[ DOI: 10.61186/5ku.28.6.12]

10 Syon0 asbls

Doz FA S Sl FF 55 15 (s 5dbas (63 886 (glap 5515
Jlo 53 .0) Cl osls jaseis gwys 4 (Ao ys AY)
s leard lp gl e 4w e (YN0
b b 8 513 diom amdd Jubo &S5 J51s )3 bas (S5 ST
Woble ol and |y OB g 5 AS sy 55
6l S5 LI FF ol an 4 ECG I 5 Ikl
058 I 5 5 15 el s ke DU
gl sh e Gileadds ey il LG js Wy
S gnn ol Sl 035 Jus Ghn doys AF 03, S
Sl A ks VO s 1y slas S5 Late ol ails
V39 us plulds oyl

b L gl Al ol sel 51 enlital b sar g 2 ()15 52 92
Y10 Jl ps (LK 5 Sy bow g 5 5L CdS
o e omT 058 L mie 4 o S A ol
KOV IRV-E W PR S

2 Sk Sl SSE 05 o Kos slas S,
3 Poglsl ol e Fns M s wm Al
Body surface potential ) o slaw fouily (slaazis
b eSae 55T, L (Mapping  (BSPM)
WJ= ol bl W BSPM ol g5, 51 b8 S S
Gslbgy L0y gasd=e Ul (BSPM
gl 5 ak a3 fudly o7 1z ol (B SSS
o 035 e ol S 55 (SO S Sl Lo s O
() 555 o0 pad 5

ey gl A:.ejf S Dldls éga_@» 23
Sl wlul LS (3, KST Wge 055 Cund g
FIRF FRPIPREE = olc BN SN (PN E R
el 45 5515 03lizal 5y 40 35 (6,50 il SleMb
GLST Wse 05 Slalid ¢ hass ol Lol Suda
Camdge ploly Obley uuail 5 olas S5
Wl has a3 (63,886 W ge 05157 S LT

O s 0l o b lge st 53,8 15 il
Do 5 odd glalis o) Wse 0 335 (S 5T
D o sSy 5h oins X aniil [l Cowd Soke ol
5 S

M6, Ll oK Olses ECG UK o 1T
b 55 Gl w5 el erlg b Rl
cAae Jise ol bl 55 gy S84 S S S
G5 S L5 e ECG IS T LT o8 555 00
Sl oz, Wae 05 uwd 5 gl ol s
e 058 globs as ) syl L ps ol iags
ECG UK JIUT ulal 5 1y jabas 5518 (53,86
255153 05057 4 &S5 g s o5 S 3l ealizal
by dbse 085 5 Oledigs 31 gladle o
@ dd b ez )T Wae oS gl -l e
a8 ekl ambgn 038 Iy 53 O 4 S (5
S5 SN Sllas T Olj Se 5 035
I, (Electrophysiological Studies (EPS))
Jlo 53 LK 5 S S5 bl opl ys.dias tals
3T Wy 05 o gl @2 S S Y
I W VY 1 eslizal b s5bas S5l (63,086
blte o2, Sl s S @bl Sl WY (sl ECG
s ey 4 by bz )T do )3 AF (S gUT o
33 IS 5 S S bag 6 K dlas () 48
e Sl 0y S 0T 55 6ty Gl 4 Y8 L
Sheslizal b gidas S5 3 KST 058 Condse
(F) 3 8" slgiiy P go 558500

YN Jle s LK 5 ols (Ks Slallas s
4 0Lo orl@ 8 om aw Ll ()1 pal gt
SIS 2,85 S (gl ask Olge o Db
L (Electrocardiographic mapping (ECM))
5 0 G S5 24 635 SOV didr & Sl eslinal
Ao 055 Candpn Lol fogud 55 (hlodd ol
ECM sy k58 slgriw 1) odes sla (5,88

1P sibwl (1agy / Cuilie § Cuny 8)9s / olws)S (Sb) eole alSkils ¢ale alas


http://dx.doi.org/10.61186/sjku.28.6.12
http://sjku.muk.ac.ir/article-1-6973-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-04-27 ]

[ DOI: 10.61186/5)ku.28.6.12 ]

e 031 095 (G 1y

<4 « Bard lab system pro version 2.69.0.5
Jole ol 5L $Sah il ot oD 5 O adds )
a3 pl el odd esls QL Y S 55 ey el
O 63 Olsle 659558531 ism osls oKL
Joa by s ECG JLi.:.w Sla osls oS a:; oslazal

Cﬁ.w‘ e:}! *?—*V LSLA

JES i

b 5959 3l
S 63, KST 4 e Hlay FA Slda 2ags opl 53
el 0L )T kS Ol Obe Sl s jukes
S5 9 500 S andllan Coed ol bl Ol ylaw LS
G> Lombse 5 Llails sa i) 5 a8 815 L
GNF e S by 63,886 Wse 018
@l 53 Ohley ol ECG Ui U VY Ll o
oKews bwg EPS) 5505 505 S andllas T 3

IO  solo JJUT
= i —il

gy pLul Sl o156 &gl 1Y s

PRI ey (W
Sy JEe 5 aJg ECG U o 6ui ¥ S

.MJ@ Quu l) ol J‘)‘Jﬁ

5 Slazl gl bl Sl ez o ECG sls JLKw
Silazel (gal (g3 b mman g YU WS 5 Glag
SBIEw by (el DC 4 &5 b ol 1538
s e S5 e A e 53 ;3 ECG

4l Lo oar (A

Original ECG data

1 T T T

§

Amplitude (pV)
214
T;—

i
J

2000 -

000 -

T AN
,/\/\g/\fd’/v\s’! A /\_/\Jl/\/\;{ A /\Jl l/ x

T T

1 Il 1 1 1

5000 6000 7000 800 000

sample

Filter ECG data

s =i " v' | ,‘ }'| | l| | AL
= . A s b N\ \ > \_~J| N}/
= ogg‘[/\wj /\/\j\‘ 2 \/\J\ N JS"I/ A Pa \/LJ\J/\/ \Jsvf — _J]J/ v
ER ' I ]
E‘ 4000 - I
<~ 4000 1 L 1 1 1 L L ' 1

0 1000 2000 2000 4000 5000 €0 Toco 8000 9000

sample

(el JK2) 0ad 33109 iw ECG JUSw 9 (Yb JK5) o cod ECG JUSw oo ¥ K&

11€eP sibwl (1og) / Culia § Cunyy 8)9s / OBws)S Sy eole slEils (ke alas


http://dx.doi.org/10.61186/sjku.28.6.12
http://sjku.muk.ac.ir/article-1-6973-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-04-27 ]

[ DOI: 10.61186/5ku.28.6.12]

1V sson0 asbls

Cambgn ¥ oLaaite OS5 Sjsde b oandllas opl 53
33 O pe 03 Samban G 5 asly las 53 (SCa Ul
V0I5 4 egr s 0 (ST Comdpe oy e
S s bl g 5das 63,86 Jgldie O 1S Cond 4o

Ao dsder Gllee s aib G OIS D) se

s & Sy Slllas 5 et 0K, ki Gb
Soge 4 Gy G55 68T W Lo
Glo 310l b aS ctizns 03 28 Lo jlas pul w55 B3las
o s il wiS S ST Glaaasein slyl

V) Syl 15 sdas 31 ol bl ;s Jslie

g g 48 5
G 4l W7 A Olgied (S Sl SIS gl gl Kol Slacwdge 1) Joua
SNz 4ab W S0 bT cusdgo
") Crista Terminalis (CT)
) HIS area -’i
") Koch Triangle (CS) ‘3"
(f) Tricuspid annulus (TA)
) Septum
*) Mitral annulus (MA)
V) Left atrial appendage (LAA) _fi
M\ Right Pulmonary Vein (RPV) 3
*) Left Pulmonary Vein (LPV)

Fasoli=y iz 3951

Whpo 3T Slanz s S o foseie 3 (S
Sl VM0 Jl s oS Sl Sl -y 0y S
ECG sl 55 QRS (sl oKlaS Lasis
ol s QRS gl o ShaS ¢, Sl o sl
@olazel LB Haka 5 e 5 auls ol Jlaws slasJUT
o1 el YF 03l a8 game &K (6l dad o aeis
Ao s AN 23 4 05, S ol MIT syl I8
O das o ez 1) QRS ls LSS

JSKes ol Cad a1 Sl = 0, S Sl
odels 5 Lo o LS &b (b s b ol ol
SN b g Obpe il ol (5,8 e
AOY) Sl o oals 0las F S 5 2SSl

by ools wilo gy

cogls gluts s ECG sadiSw 505 shiea
A SO Il (i G5 58St W
S 8ot = o B a2 S el L SIS
el eSS a0 S eslizel b e 5 ok
Sl Pl ashe ale OLS a ol
oty aib OIS a3 58 (e gy b o3l A (sl
Crh 3 035 s Jo1s 53 (S ST S e oS 4dl e
wECG UK 5l o3kl b oz, T Wge 0515 oy 50
Db plelid SSlig D) e

55 Wesls J31s 0 53 edd eslizal @Aﬁ)}in KK
Waosls (23031 Jorl o 4l 5 ok o3l 7,5 el & aalsl

RGPV (:L>u‘ g_«llﬂ )|J3| (‘_;—’ )‘ oslaial Lv

1P sibwl (1agy / Cuilie § Cuny 8)9s / olws)S (Sb) eole alSkils ¢ale alas


http://dx.doi.org/10.61186/sjku.28.6.12
http://sjku.muk.ac.ir/article-1-6973-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-04-27 ]

[ DOI: 10.61186/5ku.28.6.12]

e 0331 0I5 (Gl TA

9 (Silko ] iyl

bl Sy QRS

ol — o by (&3l CHT s 59l Sl IS

1 5

miy E"F_J‘Uflli + Ay(x)
Sl BL 6l & il slaen, S g1l 51 S
SN gy S s SVolas oKs s
SLKan 5 g K .ol (GPSR) 0Ll £, soas
MQTJJS.UJ;;%THVJLﬂ).sb{.:,l)_,le&ll
5L A a3 AT S A Lls w5l —ls
IGAT 5 A © e Slaes @ 5Ll pl
S G e 53 B w2 S ol s e OF)
00) 355 ga |l gtz (slagz ) S
S8 53 S a0, S S gl s
I el 0388 (psal 5155 dhe S Sl
SV V8) ¢ Sl 48 £ 15 eslizul 5y 4m 0 6 5 IS
I 0o 2 51 A G sle Srags ol 03 0A
Ge Gl gbesls Ll il S5 ey ECG
Gk Lgh oo OBl Wesls as gz 1 dolal O g0
sl Ui LY 5 A sl Y=AX Lol )
N3l LSS s o5 S szl b e
Sty ol plaly e dighr 03] (e X
adllas cpl 53 Lsd o Gluaib S laesls coeT
S ) 4 S LS (ol e & g pslis
o3ls WS 55 Slie 058 (b amls al s IS
S o et |y S

FYve]

-

S 4 2 o 595!

Sparse Component ) ¢S saad s 4 4o dlwe
CAe K55 SVl Law g L ol «(Analysis (SCA)
= Ol slags 1iSs b llas (g oty Alie s T L2
PO A BT UL\ PSP
S X5 S b = (Matching Pursuits) Gl (s seiuer)
IS 5l e S5 K s 1y S g5
S8 6 I g n JSE 0] 7 S o 25 Lnr e
S a s S8 sk e Sl s 1 6,185
ails IS Sl lo b1y Gillas o g 457 L g oo ol
IS a3 s S T3 5 (5 g i3
) Sl ik

ooy Y IS &KL p e &K 85 4 5
S o e Kl s 2 A s S0 & o

Y=AX
x[1]

(¥) = (ﬂ1|ﬂ2| |ﬂp) *[2]
x[p]
o iy gl 4o seme AP sl S A
sparse ) ¢S oS (X K5 Hls g el (6,20505)
598 o0 bl Gl S a Sls , pl 545 0 ol (COE
@ e > il IS sl e e B AX S
W5 Y o sl adls sy Ll5 o X b ol
(Sl IS 3 (Sleings s 5 03537 Sl oot S
Lol e (I 5 o B ol O L @l s
Gt N Ol oS Blod 1) 035 S5 T b e

oS olitl 15 oy g 4 5l ol 1 $1LEY

11€eP sibwl (1og) / Culia § Cunyy 8)9s / OBws)S Sy eole slEils (ke alas


http://dx.doi.org/10.61186/sjku.28.6.12
http://sjku.muk.ac.ir/article-1-6973-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-04-27 ]

[ DOI: 10.61186/5ku.28.6.12]

19 (ss000 asbld

Olyea (Bslas Ojpea 1) Dl B edsl do e s
Sheslamal b o oo S5 (2LIS 350 (s Glaesls
Gradient =, S 51 ekl Cnse &5l
projection sparse representation (GPSR))(
AL G las 3 3,886 Wae 05 (55513
i o S5 O, S Lol b 358 o et sl
s 4 Glate S o &5 5 ol as s 4 Gl

ol ok 00l 0La5 0 K 55 o e

Ll N
||"fﬁ{|l q‘{a,"fi.

Value of each coefficient

03 ol g desls gu il Cis 0580 ke 4
o eeld [ @ 8ST Was 05 Canige d o 5
s
Uy 055 505 e sl e @
G e L sl e 3 (63 IKSTE
e 057 (oo LT Comdgo s p9 dl o @
sdas ey 63,86

A s

Number of sparse

Value of each coefficient

'n A

B U

! FM“JN —
Wby,

Number of spérse
GO 9 (A UKD) Canly 300 diwd 4 Flrio Sud 0318 b yo < (Sl GPSR iy 59531 tawgd ouds duwlome G5 Lol yo oF IS
(B JS5) o s diwd 4 Blaio S 0010

BE) ..U}A Q};K L;ﬁf)\}égziﬁ)‘w‘(-jb 41>J.A BE
o3ls J:g,:i A 6}'..‘.&;_: 93 o ey /iy sdas
Tl e e (S0 ol S5l 5 s

e STl s Sl eslizal b als e pl 55 Lgd

Sl DL 0y s el Lesxil e uciJL:‘
Caws 4 AV/YY 2 YIVA Ll s Ol sl ﬁ)}g'

sl o dsT

1P sibwl (1agy / Cuilie § Cuny 8)9s / olws)S (Sb) eole alSkils ¢ale alas


http://dx.doi.org/10.61186/sjku.28.6.12
http://sjku.muk.ac.ir/article-1-6973-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-04-27 ]

[ DOI: 10.61186/5ku.28.6.12]

e 031 00305 (2wl Po

wi.l.:« Deh oo oIl ol Sy w ‘r‘i)}i”
C;Mlubk.&;:&:gﬁdaw%ﬁ

64.24 64.05

2 EESE W 055 558 SeaslT Condse
oslsy Olgear Hlaw a osls 1 doys Qv a0 pl ys

bl L (Cud enls Olgea doys Ve J«/J’}»T

64.22
i 56.09 pummy .

w0 BT Curdgo) (S dido WIS & (819 GPSR (i 3581 3 ol Cuwd & &CT Ll 5o Lawgi (S dindo guli 1) 1503
(2,606 Wgo Ll ©nol B

L 62,88 ad e 0587 5585 (S 5 LT Comd e

g s e el oo
Lt oo s 4 s S (S0l IS 50
PYION Lo g0 Ceno LECG UK JIUT 57 s o
A 50 0 5LS (S T Cd g0 ol il 5 sy
axb) ¥ ST AS o das a s 5o 3, K8
(Cily S Slad sy S go) A WS 5 (e S
so35 555 pere (gl Gaie S 5T (15 48
93 gt G5 N By s 5 ol 53 el sl ez )T
Rl & o 5 ey s 5 S0ls S o 5l I P e
Olylas 3w a8l 3 o 5 L il oty b (gla WSS
035 ;503 L iS5l i (CT b o) ) WS

2l s B0 (Sasllast 5528 ool

&

e
05 (S ST Lo plalid 2oy ol bl s
IS 535 3 s s S5 5LS (3, ST A n
VY b i 5 Sd 3l e (el ECG g 8
S (52K o Ve 0l,Lay ECG IS )
ol 5 0t (5Ll S S0 s sl
S a5 55 el Ly Ol s a8
Gle o3ls S5yl wlul 358 s ) el GPSR
U ge 05LS (6,8 515 Combpn 5 0 (g aib o
VIV S L 5das b g Sl s 53 (65, KSG

+

S ol i o e 3 ds glulis ds s 41 /8

od b dewloes Sdoes ome Oy o 4 s o sla ool (6l

11€eP sibwl (1og) / Culia § Cunyy 8)9s / OBws)S Sy eole slEils (ke alas


http://dx.doi.org/10.61186/sjku.28.6.12
http://sjku.muk.ac.ir/article-1-6973-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-04-27 ]

[ DOI: 10.61186/5ku.28.6.12]

Pl sxens asble

500550 31 eslizal (Ol sltas (2151 e g5y (sukey
= . = N .

S 3L dedgn (sla 02, SN 5 (S5 2l sl sl

Jolond 5 525 3550 (6 2 85 LECG UL ¢ il

.(\«)Jggu:ﬁlplc_uwus,“f)\;

S 5 domi
o 3 s b plcGhass pl 3 edaT s 4 il
o ECG U 5l e SUeMBI o]zl L 457 Aty
SIS KT oty T 5315 bul 055 und e 015
33,5 o ey gl A Ul 1S e
yas plaialy 05l olasb 03 S Iy ya 1, e,
il b gy (ol Ol Sk s (ks e
o lais 4 1) Ole s slady 3o 5 5lew 8,5 15X

2l u.:.«s\f 5

S1508 g KL
La Ol b 3130 cadlie (| OB Ay 55 51 oIS e

Mbdwd&jﬂd\vayawwAU)ébcLﬁ

i 53 5 e 4l UL ¥ SIS el el DL
a amaiae O b G 5 Sl Sl sdas Sk
(B e o 3 5 ed JUL 55 0 (S5 e
SRS e sl 4l 5l 55 P 200 S5 B0 s

Ll
e i) () 3 ol ol Do 51 e 5o
el o L5 (63 SSTE W ge 05157 plulids 5 ond 5o
545305 O 50 ECG U Sl oks 1 szl DAL
w58 1,5 0sliml 350 55 6 503 Sl Sledbl 5 0ol
olgi sbapn s 55 s Slallan 55 55l
P s G55 5 i 085 Sl polol
Sl gl e S st 5 38T W ge 058 oo
Sl gl slap s S 3l oslial 3 b 1 kles S ons
o) (ool sl Sl eslizal Jsa aies opl 55 oalgriy
(o sMRIG gl gl 5 slas cOll 5 slang 2SI a5
S e aloul LS| glaas s 5 OWSie Hlew 612
3 e Lnge 580 ol 1 (o5 S 50Le i
P33 ol 0 Ll el Sl i S SiLa
SLeMbl ol Lgs (53,86 go 0 5L i o
el 03 358 a slgih .Sl 0dd s ECG UK

&b

1.Fogoros R. Electrophysiologic Testing. Tehran: Mirmah Publication. Tehran arrhythmia Center. 3rd
ed. 1998;5-17. ISBN: 9789648115130.

2.Eslami M, Bagherzadeh A. Fundamentals of Cardiac Electrophysiology. Tehran: Iran Behdasht
publication. 2010. ISBN: 9789640466179.

3.Kistler P M, Roberts-Thomson K C, Haggani H M, Fynn S P. P-wave morphology in focal atrial
tachycardia: development of an algorithm to predict the anatomic site of origin. Journal of the
American College of Cardiology (JACC). 2006;48(5):1010-1017.

4.Teh AW, Kistler P M, Kalman J M. Using the 12- Lead ECG to Localize the Origin of Ventricular
and Atrial Tachycardias: Part 1. Focal Atrial Tachycardia: CME. Journal of cardiovascular
electrophysiology (JCardioEP), 2009;20(6):706-7009.

5.Shah A J, Lim H S, Yamashita S, Zellerhoff S, Berte B, et. Al. Non-invasive ECG mapping to guide
catheter ablation. Journal of atrial fibrillation (JAFIB). 2014;7(3): 31-38.

6.Alday E A P, Colman M A, Langley P, Butters T D, et. al. A New Algorithm to Diagnose Atrial
Ectopic Origin from Multi Lead ECG Systems - Insights from 3D Virtual Human Atria and Torso.
PLOS Computational Biology (PLOS Comput. Biol). 2015;11(1):1-15.

7.MS Lee J, P Fynn S. P wave morphology in guiding the ablation strategy of focal atrial tachycardias
and atrial flutter. Current cardiology reviews. 2015;11(2):103-110.

1P sibwl (1agy / Cuilie § Cuny 8)9s / olws)S (Sb) eole alSkils ¢ale alas


http://dx.doi.org/10.61186/sjku.28.6.12
http://sjku.muk.ac.ir/article-1-6973-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-04-27 ]

[ DOI: 10.61186/5ku.28.6.12]

;0301 0035 (0wl PP

8.Provost J, Costet A, Wan E, Gambhir A, Whang, et. al. Assessing the atrial electromechanical
coupling during atrial focal tachycardia, flutter, and fibrillation using electromechanical wave imaging
in humans, Computers in biology and medicine. 2015; 65:161-167.

9.Ramanathan C, Ghanem R N, Jia P, et. al. Noninvasive electrocardiographic imaging for cardiac
electrophysiology and arrhythmia. Nature medicine. 2004;10(4):422-428.

10.Uhm J S, Shim J, Wi J, Mun H S, Pak H N, Lee M, et. al. An electrocardiography algorithm
combined with clinical features could localize the origins of focal atrial tachycardias in adjacent
structures. Europace (EP). 2014;16(7):1061-1068.

11.Pan, J, Tompkins W J. A real-time QRS detection algorithm. IEEE Trans. Biomed. Eng.
1985;32(3): 230-236.

12.Debnath, T, Hasan M, Biswas T. Analysis of ECG signal and classification of heart abnormalities
using Artificial Neural Network. In 2016 9th International Conference on Electrical and Computer
Engineering (ICECE). 2016;353-356.

13.Mallat S G, & Zhang Z. Matching pursuits with time-frequency dictionaries. IEEE Trans. Signal
Process. 1993;41(12): 3397-3415.

14.Figueiredo M A, Nowak R D, Wright S J. Gradient projection for sparse reconstruction:
Application to compressed sensing and other inverse problems. IEEE JSTSP. 2007;1(4):586-597.
15.Shayestenia N, keshavarz A, Rostami H. Investigation of Gradient Image Algorithm for Sparse
Reconstruction (GPSR). Conference on Computer Engineering and Sustainable Development with a
focus on computer networks, modeling and systems security, Mashhad, Iran. 2013;121-129.

16.Yang J, Peng Y, Xu W, Dai Q. Ways to sparse representation: an overview. Science China
Information Sciences. 2009; 52(4):695-703.

17.Rodriguez F, Sapiro G. Sparse representations for image classification: Learning discriminative and
reconstructive non-parametric dictionaries, IMA Preprint Series # 2213, University of Minnesota,
2008;612-626.

18.Wright J, Yang A Y, Ganesh A, Sastry S, Ma Y. Robust face recognition via sparse representation.
IEEE transactions on pattern analysis and machine intelligence. 2008;31(2):210-227.

19.Mohammadi F, Sheikhani A, Razzazi F, & Ghorbani sharif A. Non-Invasive Localization of the
Ectopic Foci of Focal Atrial Tachycardia by Using ECG Signal based Sparse Decomposition
Algorithm. Journal of Biomedical Signal Processing and Control. 2021;70:1-10.

11€eP sibwl (1og) / Culia § Cunyy 8)9s / OBws)S Sy eole slEils (ke alas


http://dx.doi.org/10.61186/sjku.28.6.12
http://sjku.muk.ac.ir/article-1-6973-fa.html
http://www.tcpdf.org

