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Patient Adaptive Pattern Matching Method for Premature Ventricular
Contraction(PVC) Classification
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ABSTRACT

Premature ventricular contraction(PVC) is the most common disease among arrhythmia and it may cause serious situations such as
ventricular fibrillation and ventricular tachycardia. Particularly, in the healthcare system that must continuously monitor patient’s situation, it is
necessary to process ECG (Electrocardiography) signal in realtime. In other words, the design of algorithm that exactly detects R wave using
minimal computation and classifies PVC by analyzing the persons’s physical condition and/or environment is needed. Thus, the patient
adaptive pattern matching algorithm for the classification of PVC is presented in this paper. For this purpose, we detected R wave through the
preprocessing method, adaptive threshold and window. Also, we applied pattern matching method to classify each patient’s normal cardiac
behavior through the Hash function. The performance of R wave detection and abnormal beat classification is evaluated by using MIT-BIH
arrthythmia database. The achieved scores indicate the average of 99.33% in R wave detection and the rate of 0.32% in abnormal beat
classification error.

7 E
2712455, RRUA, A¢8 FEgh 959, 98 vy, MIT-BIH vlo]El#o] 2~
Key word

Premature Ventricular Contraction(PVC), RR interval, adaptive threshold, window, pattern matching, MIT-BIH database

* M3 BAED TS83 & (ischo@pusan.ac.kr) HEdR}E 2012, 04. 17
o AR - BAUED TSR35 (WAXNA} AAtet2 2R} 1 2012, 05. 10

T hitp://dx.doi.org/10.6109/jkiice.2012.16.9.2021

©This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/by-nc/3.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



<

=274 A6 49

=% 27 671 R¥}

I
;Y
i CARIONS
= o W oo m) .
v WL#LﬂuM&MmNFMOﬂo%RdM
e % X = | & = X
e 1o an_#o@ﬂﬂarg%@arqam do i B T
. mh| | w M W OE o T op g O =T H B o
A RE R Mo " .mﬂ%ﬁmﬂﬂxmmn o 5T T T Mo
N E & Mom = ,Ul‘m.o%ol T7__oﬂwu%ﬂn ™ ~ H.#E_..I,lﬂwmlh/
3 _gurl#%aﬁRﬁaloxg o;faoh%%q Tz
EE ﬁ o ;&ﬂﬂdlm_v]._.ﬂ‘lmﬂﬂouﬂflvsg ﬂ..m‘ulo_w‘mﬂﬂ‘_i .‘Hmﬂﬂ,]m;o‘l
i = =) o Mo ml &: Ma % 9 mo 2 % o M X ~ I of o ® o @m __M
5 il 3 PR E%%%&%%o@ﬂmmﬂ %ﬂm%@amﬂgyﬁ
<° [ T < © T B o o N ol wp = e S S W or o) " T oo X N o o
T EE M =5 @RMLT%%%WTquaiéuﬁg ﬂwruaﬂﬂ@%
R : zl B %Eﬂﬂw;ﬁoﬂﬁug%ﬂsMuumoW@iMﬂiz_ozizM
o ‘I.nw, ﬁuﬂlﬂ_ﬁwﬂamﬂ%jmﬂ ]an._é‘_CﬁEnJiEﬂﬂ,Wﬂ,lWIQEMLNLﬂ%i
vE . ﬂ;ﬁoﬂ@%gaokﬂ.MAw%g T o T é%zu%ﬁ
i 5 i I K < = ~ M o T R %%qm: i
’ 5 e 10xO@V}_tﬂmidioﬂﬂ%i%ﬂﬁ%@ﬂ%&&%or
ol 8 i ux%%ﬂlﬂziﬁ.uugmu%RLﬂv%ﬂiiﬂﬂﬁrﬁﬂ
N oy & o zu.i on o = o o X w o P P-4 —_ gy BN ~
o —) o dm N ay %o m R ey UF.E,ALMﬂ
o] = 1@%%.@]@“%&07Mombo»ﬁlﬂmmﬂﬂﬂm_o*b‘zﬁdlqﬁu#eo_v
= o @@@aﬁ%oﬂlo_o@xnv?aﬁm = A o < cﬂuﬂ;]ﬁﬁﬂm_i
L b X CRN g o R oo g W o &g o
— so U T & Zxaulllga Bt £ Edld:@.W/Eﬁo*
Zﬁoﬂr.qut1 .67\%1&&44&%@‘1& Lum inf
drﬂ:llodrzmﬂz.dﬂwﬂ%ﬂ] U 7o ™
e o L rrET =TT T TopodEE
o < WX R ﬁA%%%WWAﬂmﬂi@ﬂwwﬁm@ﬂ@
dﬂ@}7égﬂﬂl wRE T 3 M%@%z Z oo T
= 17§%nﬁ%u2ﬂmﬂ © __oﬂulxa:imwr
> o <H T 5 2 2 n < o oy o ok ok W R OO o E oo
ST - anoﬂNUAT o] o o o= o o N R
mvxumilr,m.{.mg.]oaamuoﬁﬂoﬂwkoﬁagao#a%&u S T o] 1w i
m%wwﬂmw%%gwmngﬂqE%a mﬂmigaag
; A g 9 qu,ﬁ]._ ._011‘_1 = B — —
mQE.4@14].%_nsrjnm_siafﬁ@ixﬂ %xfoémaﬂﬂou X ch
< o_H.l X0 3 ol ,UIZJl] ,UlAL_EOE ‘,_uuzwawro]‘l i Mﬂqu
] ai%%%mﬂBM%_%xw%@;ﬂolﬁu:f Eg%ﬁi7wwg gERw
— = - ! —— — = 0 Ty
m%ﬂﬂ@m%%w@@sﬂ%g%%@@q peporREy Pt
z o= ﬂ;m@oi%u]oﬂw%1mq%ﬂe_bﬂ% i S o R
8 ﬂ%%%é?“@dﬂﬁoﬂﬂ]mngega ﬂLoRMCHLﬂEHai w..nﬂmwg
-z 5w Wy oW B o & N e ) =3P CE AT = ) R
Ewﬂiiwmnumowﬁ%_%aﬁ%iﬂﬁﬁ% Neﬁ%ﬂf%yuﬂﬂo £l 2w
J,Wﬁiuxﬂrﬂnmmﬂm;mwa,ﬂbmﬂﬂuoTﬂ/lW_/ﬂﬂ‘NL‘u!Eﬁbt:o Woﬂ&au._ioﬂlﬂrmAw ~ _oﬁbw_zrc
Aul%iﬂnmmﬂ %ﬂﬂﬂ ﬁr]]JUrHo Pxéuga - H goﬁzﬂu
" W Qo o7 o 2 o T X2 G o el
i~ el v = T W Z‘.#JI_X ,,mv_ﬁﬂ‘._ay T Al il o~ A T lo. = o
OL O#E = O T X M.M N ~ Z#U 03 IS o — HO X0 mn %o it u.f I.||_ X EO
ol ﬂdxv%ﬂ%ﬂﬂiﬂaﬁﬁraﬂ%@ A 3 wd R
mﬁmfow_wﬂ@#ﬂhﬂﬂ4ﬂﬂurmclot%iar.wyowm%ﬂow 5 wedF
_,,|,|O] —_ o T —_— KO < f -
%W%ﬂﬂiﬁymmgmhﬂ,ﬁOHMEREMMWMM&@WWﬂmnfwm = @ﬂaﬂw
4mﬂgﬂo§4moﬂaum%ﬂh%oMu@_]ﬂ _x&%%7ﬂaﬂ%ﬁl oﬂbauﬁgo
SRR %ﬁﬂﬁ%wnwz,o_olzmﬂmaﬁﬂnuwmﬂgLﬂM TRw ¥
ig%ﬂm?wqagwm%ﬂaVW%ﬂqg@ ST
m] oo = __r1_|‘mﬂ N 5 .
SEREIEFLEIZEESD TunT
. Ao B %0 ) H
ERESIA Y BtJIGME
ﬂc
0 B

]_

S

3lo] 5702 RR 7+2 L&

[¢}

Q.

= o] g8

=

2022



mallts A EARE RIS |

R A Rk KA

[

bt

vl
it

=
=

}

SIS

Fol 1 %2 50% =

o

T*

3

b

i, ol

X0

eyl

N
al7}
W

f 4] (Hash) %kl
e

3]

L
L

= 914

2 21 gho] b )

e

wro] vmeel A A E A, v Be] o] A A =]

NS
=
ol

At} o

do

Fol a4 whe 712 AL
e o] =

A
o]

of

LR

b, s 7=
el

o Ao ks )L 5

=]
=

[

28 dolg
ol ofA| Fa
= Hly) -

Fl9t 7 vl

i =719 A
j}L

[e]

=

9|

uf
Rt oz 7|
719

H1B o
T=
3

Hiy)
F4
o]
e
p2s

abede

=

Hee 85

ad 3.
Fig. 3 String matching method

[

5o} gl

Zk

- ==—==F» abcde

Hiyl

H

a4l

222 438 € vj

_I(_)I_
el ol al 7haA a4l gk

ato A

o]

[¢}

EEREERY
“EEL

}

k9
yal

T

2

% 7)o] shago] ZbARE A
Zg 7}

=

Ao, QES

threshold and window

=

3}
By * Ry * Ry +Rowy +R 1Ry 10

Ry =

e

ig. 2 R wave detection through adaptive

e

]
or
=)

571 RR 7

L AEA7IFA R

7]

ool ) o)

)

3

]

=3

st A

o). o}

34

iy

Ik

1= ]

71707 o] [T

ew], AN 7 2 QRS

=

bt o)

o

Q.
AR

[e)
s

]
3

-

ful

e A
A

5o A

]

o

A
=% R
A& A

=
=

ShATHIL].

< v
43
e

o]ﬁ
1—/\1

=

=

3 2

AFH A
Xéi
_ﬂ

Bol7] wgolt) nebd B AT

& AREFTH10). TE UL HAA ]

]

A
o

Aol 7} E e et A

o

el

af

5

12 19 49} o] A7)

3 7

2

24 239k Ad o)
4% 29

]

o

REL

e

22.1.

=3
e
)
l
el
NS
=3
I

el

3

23 A
2023

%9 &

QRS 9

L
L

st

o

L, 2 A Afolell &

2l

g =izlel &4

A Aol 7] 28k 8

- 57
=4

]

o]

]



¢y

6

Slo] A to]El
1 A7 QRS complex 2] iH A BZ 7k

o
=

) 8
L7
Z7

i

X
X
X :

tol o]

0

71 A A wl ol

<
H

ste] 1

=52 21638 A9
[

i gkt Wl al

S

L

29 g2 270 A4E A BB

35

[e)]

® o oo a TRe® R WT N F T T® MR PR T
T X wWRE BT oy T el B R
A Hopow o VMoo ow TRR My TN
< %Hﬁﬂmﬁﬂmo#ﬂo{ T LT WX
op T E e g BT o I e Ty
N T g BEXGT agw sy ol do - ® 2B 5 m
T M R ufﬁ%ﬂrﬁﬁrmﬂ%ﬂmﬁ mﬂoﬂeﬂd_wetﬂﬂﬂ
wE SE gHENGgwpedx® B o o w T E
T o Blrx REdp®as bz TELNL =T 5
™ N° w&ﬂ WﬂLzTBMﬂoﬁEOtmﬂiq 17r_|E JILATMWATH‘@INU
o T s FEEa d = o N EE e Tk
mp o %ﬁ;&ﬁ% Wom g H,omﬂﬂﬂnomﬂﬁo <R P %;Tm@%
a ™ @JX.M, ok A M R o %a_drgﬁ%m%mr
‘Aﬁlll \Jﬂ.ﬁ&ﬂm ;OD\QILE,MII%\MIQLH_,WIJHWM JOWFMMWWMABE‘lew
ATE WZT&% Nﬂm@mmaéﬂ%amﬂ% XK d%aﬁ@%ﬂ%
X [ T S A B Y ETFER L ET
T o SU4SE T O AT B g T EAe R E g )
RO =8E oM p T T om E A FTHE T AT DT &
"0 (e o o) = = X5 R = B o= e
K > ot N o N gl 0 NNE Ry T % OR oo 3z oF B g
o SRES wetgltdgrdgmy STTVRscelw
T ¥ SERZ %%,gaomm%inyn%ﬂ A il ool =
TS W N OHENSEFR W o F B w N
=T H9R B w TAF W T W E R o
QTR ooy Lo S e O o
= oo & o ‘H_H - o B EFWE oo F oy R
T el o] T Z]T_ ol s e Ko = oF M o WE @ %0 o oju
=R e N B TR Sh S Il
S SO m i N uﬂm Qu.ﬂl&ﬂ&ﬁ%%
W T 4 | L= = @%Miﬁmnﬂ%ﬁa%m
ﬂvlplﬂlﬂﬂoél | § H.uom XLQWFO_AﬂZAUﬁu o
= ol n 5% ™ m S T8 mx_oxawﬂ%;ﬂmﬁiﬂ
AT H T T o ¥ wE Hﬁmﬂﬂwﬁaﬁaﬂmﬂmﬂ}m%
o RT gy EHE B = hogo o WL = WS
mﬂﬂﬂ'ﬂ?%% q- o = %ﬂ%@rﬂnevlﬁwﬂ
© — | | | ol ‘@ K o N n
R e B W s A RV - B
LREE YR . we PofXTEoNORT
TsEzzEr | © 9§ mATotzEiLgl
iy = < B [t B a =
Jﬂﬁ w,_ ol 8 w3 ﬂh@ = _%7 Wboﬁ 0N l_ﬁx,_
T o= L4 ] PORS IeEEeERERg oY
%mMﬂ_lﬂﬂ9zT " g . CHpHFINTNTRE LT
L A N E T 2 CmuynNgImapwH ET
2R g ROy e I W3 G r N e R w T
B e Oz <G 4 A Rt
W R R L T o B OBT FNT

RR 7FZ -2 800ms~ 1200ms

R

L
L

A74e

ol ARt

°©

Q

(¢}

7l ES A

=

s TH12].

9 671¢] o] El(150mse] QRS % ¢)HE o]

A

2 %

2024



e, Ho g9 o dAstsith AAWEe] el
£ dhbel S-S ehlE O RR FF 02 A
otk wRe] Jiaet & AAZE A E A,
1002 AAsgon, o= wiEe 485 T3l A=
g gholth & Aol A At Y wiA 71E e A
AzEe] g gojd Joig o F, & dFd
Aol ge2 BRae sl et o g
3 AR FREA FEASE T FANSE
R PERNAEG YL 5802 HET S
k.
1. Mgt 84F
Table. 1 Parameter setting
e ARk AA =%
deE AL L) 800ms~1200ms 450 v} E
Zto]d AE-(W) 150ms 108 WOl E
ZBAE ] Aol logL 9HE
v 2 2] 7§ (m) 1 1
v 5.2 Z(n) 10 10

3.0 44 2 o)Ak 2% S|

2ol od Y Fel AT ADS
23, 2 W9E Yolw A5 F o N F 2 Bekagl
oA R B RS 98 A4 @k FEe
QRS % °1 9] 17} 21 Z 41 & o] §-3 gl 3 ol 4
ol a4l g 2ol 4

T = XNZ2=0] o

o
2

©
N
_V‘_I‘
mo
v

(@

(®)

©

@

(e)

®

J% 5 QRS g9 e, (a) 101 2|Z= (b) 103 BlZE (c) 100 2z =
(d 105 2ZE (¢) 200 2IZE (f) 232 B ZE=
Fig. 5 Pattern for QRS region. (a) No. 100 record (b) No. 103 record (c) No. 100 record
(d) No. 105 record (e) No. 200 record (f) No. 232 record

N : H4&HNormal beat), A :

A gk (Atrial premature beat),
V : MASZ(Premature ventricular contraction),

: 22t AFEHRight bundle branch block beat)

2025



S H AT e =14 A6 Al9%

o (WINM =~
Wi =2

ol

o (WIN® 2 n o

0.000 10.000

AzHE=)

0.000 10.000

Mz

()

(©)

S (B m e

0.000 AZHE) 10.000 0.000

o M =22 »
(IR = e -

10.000 0.000 AZHE) 10.000

T2 6. RR 2+ miE. (a) 1019 2=

(d) 105% ==

(e) 200¢1 2l ==

(b) 103 2| 2= (o) 1008 A==
(f) 232 B =ZE

Fig. 6 Pattern for RR interval. (@) No. 101 record (b) No. 103 record (c) No. 100 record
(d) No. 105 record (e) No. 200 record (f) No. 232 record

>E
NS
i
B
52
32,
o
£
z

ol
o

Al

oL
o 4N
4o

=

@y e
T A

— o

~
[72]

i o gt
o M

Y
o flo Jot Tlo o

Jfe
o

o)

3
o
B2
3
[\e)
R AN e
T

o)
i
& o9
i
o

QR
500ms ~ 1730ms/]
A= A o2 et
uepA ZH Ha=e] As EHs F
to] 7} #l A= ¢] QRS 7F4 7} RR 71}74 £
of thgt e o] geds] 2ol 7k vh= A
o3l BaE Aw g A= AL

o TT

o
]
-
o
=
rlr

[0 o [U?L
ox &
(Ee Ry L a1
oo b
N

©> o m

._ﬁ o }01'
>

J‘Hﬂ
I 2 ox K

o
"o,
]

=
E=)

s

2026

MIT-BIH 54 = glo]Eju]o] ~E o] &33ich & A
AN AA AE5 7|He g E o] AT 7
A5 H71E 98] 3 =4 (bell shaped curve) S o] -85}
Atk FHAGANLS AIFEZER A 72 RE)E
el WHo s 5% AR50 EXE TASH:E U
o A5 ALgEE ot heA By Syl
SEMFES HFo] AFEE YA E HAEE
ZFA AL 9lof, 2 Ao Bt gs SU o7 Fho] F$-
Aol 2 Hoks o] A "t whgbA FAd FE uf
AL B8 EHE AANT T A BEo| 7Y A
EA2S NMAY, o) HES T3 AN E Y
o] Bt dAstA] kA Hrf dukd oz o]
AAZVEE £ 49 me i Z3} 93 d4
o] Yehdt} 53] o]l gt S 3} g o] Wo] AT F
G2A L w9 B o] 4H EVF YERYTHE A S 91
3k}t 29 72 MIT-BIH -4 2 o] E{ uo] 2~ ¢] 101,



ot D

oMo

3420 3440 3460 3480 3500 620

w22l F A 2

()

b oW R N

3420 3440 3460 3480 3500 3520
EECESYCRE
©
100
80
7
2 60
=]
-v‘: 40
20
o
3420 3440 3460 3480 3500 3520
LESESYCRED
©
17 7. BYIHE B < Him
(c) 100 2| Z= (d) 105% 2=

3420 3440 3460 3480 3500 3520
REEESYCEE )
100
80
7t
2 60
=l
2
% 40
2
0
3420 3440 3460 3480 2500 3620
RECESYCE)
100
80
7t
2 60
B
s
£ 40
20
o
20 2440 3460 2480 2500 3620
HR2E| FAET )

. (@ 101 2 2E= (b) 103H Bll=ZE=
E (g) 200 & ZE (f) 232 & =2 =

Fig. 7 Beat comparison through bell shaped curve. (a) No. 101 record (b) No. 103 record
(c) No. 100 record (d) No. 105 record () No. 200 record (f) No. 232 record

103, 100, 105, 200, 232 @ Z=of o & v 52| 7}
#e] Hake Uehdth & x5S QRS 9 9% 7%
2t AE FARRAS 3l A= el 23 ks
she] vl me) Faw Agd yFe &4 29 @
& 719 3152 deY 2w e F40) g
S ol g}, o  Sof Y 3= 1035 ) A x7} 3440 Ly
°] 602 A% a4 #tol 344091 2] Fat 609
S 7HA AL ks A S 9 v gt

NO[OF—{O
lo o o

=

=2
=

o

LB g

o} go] FHAAL W2zl 7F-E o A
o] Bakg yebit, w3 o] 23k A
v 2] 7} E gk o] H EVF U 5]
2 79] (a) 1011 7}H(b) 103

3 glom, o)z 2

2t} () 1008 g ZE = e o) &
7k 34307} 3490 A o A F 24 A



oh ohdel ol MEE g gent, @ 1059 A2

oA e BN A ARES AR S QA
g et AT 5 2tk 200854 0232
Wamse A% 44 $3 4L wol Hold Ao
2 uobuh§ we o4 HES B gl oz 3l

g0}
32
o

. HARESF — (FP+FN)
nEE = =] 72]] H] E o= (3)

(FP: Fualse Positive, FN: Falschgaz‘we)

Z 2 Ru HEE
Table. 2 R wave detection rate
MIT-BIH R peak detection

H E AEE
100 1902 99.95%
101 1524 99.94%
103 1729 99.94%
104 1860 99.73%
105 2202 93.05%
109 2099 99.95%
112 2111 99.95%
113 1506 99.93%
115 1637 99.94%
119 1661 99.94%
121 1560 99.87%
123 1269 100%
124 1367 99.93%
200 2170 99.77%
203 2495 98.20%
205 2201 99.91%
212 2285 99.96%
215 2795 99.96%
217 1845 99.84%
232 1780 99.94%
total 72185 99.33%
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Al o| AF A =
MIT-BH :]1 (J%;’ o ;fﬁlj‘(%) N &(%)
100 1.35 1.35 0
101 0 0 0
103 0 0 0
104 100 96.8 32
105 4.18 5.42 1.24
109 100 96.99 3.01
112 0 0.8 0.8
115 0 0 0
119 29.23 30.01 0.77
121 0 0 0
123 100 99.92 0.08
124 0 0 0
200 39.08 39.45 0.37
203 9.8 89 0.9
205 0 0 0
212 100 99.89 0.11
215 79 15 0.4
217 100 98.7 1.3
232 3158 3021 1.37
3t 32.86 32.54 0.32
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