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Optimal R Wave Detection and Advanced PVC Classification Method through
Extracting Minimal Feature in IoT Environments
Cho Tksung + Woo Dongsik

{Abstract)

Previous works for detecting arrhythmia have mostly used nonlinear method such as
artificial neural network, fuzzy theory, support vector machine to increase classification
accuracy. Most methods require higher computational cost and larger processing time.
Therefore it is necessary to design efficient algorithm that classifies PVC(premature
ventricular contraction) and decreases computational cost by accurately detecting minimal
feature point based on only R peak through optimal R wave. We propose an optimal R wave
detection and PVC classification method through extracting minimal feature point in IoT
environment. For this purpose, we detected R wave through optimal threshold value and
extracted RR interval and R peak pattern from noise-free ECG signal through the
preprocessing method. Also, we classified PVC in realtime through RR interval and R peak
pattern. The performance of R wave detection and PVC classification is evaluated by using
record of MIT-BIH arrhythmia database. The achieved scores indicate the average of 99.758%
in R wave detection and the rate of 93.94% in PVC classification.

Key Words : R Wave, Sampling Frequency, R Peak Pattern, RR Interval, PVC

[. A&

NAA FoIA TAve o] glEe] Bt
AL AT MR H FEE g ¥
Aulel Feje PAAAN 25 Qe T 95

o) Aol ¥E ABe Heke 9T ol
Graie o)t A4ARE AR B 494
a4 BARoE Lo e, e,
WEE, APAE, PARTE FAW, Aaxs
5, AN, AAAE 5 200 M 2R 5
k. AgABe] FRol whet Bk el Sol
Aure] EASPI o) sl Fet @5 Ao

CENYEET 2N 9f



Ventricular
e e

A

Premature
PaolA B

o
o] 4o
o

2> 0]
TR

AVE ghtol A

Aedt 22 9

=

ro et
i1k

~
ofN
_OL
i
ll
o
©

Fo oY oo
e o

>
BN
BN
>
hy
*x
=2
o
ol
ol

>
lo,
Jot
k1
ij
Hir
o
)
o
:(I)L_"

oz
[
1 oxl

—

-
ofo
et
o
i

Electrocardiogram:

H, o3t sl

H1:]
H

re
=
oX.

(o
o

ot
Iz
ul

o

A
QO
lo,
ot
fu}
)

(R oo
e

ot
o
oo
e
ok
o
’

o%

o

s
1%
ok
o

>~
>

b
M
o

rZ o
i)
o2
o
=
X
ol

o
o &
oL

e 1

=S
(o}

ol
£

o
[
ol

10

f o
M
1o
o
ok
il
rlo )
A
)

1,

o,
o

Q
iy O
of

2 rr oug o
flo

9 w o
o
o\ o

&,
o
o

N
-

ol

[
oy

fot
1o
L ™

|o r&

fo
>
>
o,
=
A
N
we do g
fru

Ju w
b lo ot
M

=
T,
O,

MM
pU

ol

L
4B
2
o
i

i

Y
(T oy
o>
Bl
i

fr o

r>, OE
QL

do rlr ot .
>~
>,

{0z
fo
LI
=0
o X
o 2
ol >
[~
ol
=
>

M
2
T

ofmt tlo

R
O

[O o,
o
>, r
S o
o
o
il
g
<
o
ift
T o o
u
st
4
w e
I
N
(o]
:OL_"
>

A O
L g
to
_O‘L
&
R
]

o] Ry} & 7]wke] RR7HE I} RE

=)
1

M ot JT =N o Jm fr 2 T ol £ rfr o> g oo (E
rob g,
2 N
's)

M
Hu
ol
ok
o
2
2
o
v
o
il

o
&
ox
o
o
of\
QL
N
)
o
=
=
=
ay
©
=
lo,

A4 Ry AE R Ha
PVCEF W el A4 +45e 19
2 ot WA ECGAZ 25 -H
Al Ao AAT F AA S} FE A H A5}
59 R9E AESHE W, RRIPAY RYA dd,
R¥ 2 gt 3 A R 914 §E8E S5 PVC 5

J

=
W, 2 54

W& HEshe st w4
}(Normal)¥} PVCE #7dts WA= Hrofxith

AFE
A5
28|
3=g}
< 1> AA A2€ 34
2.1 AA2) 2 R9} F&

At A e AdE Alse] 23
o= U A5 A7Iske] RabE A &8 HES
= o] Aasith & ATdNe AEE Tkl

2 A 7 A9 ZE A o HHAES
Fall R AEISTHO-10]. o= e e
dlo] fEe AEE PN §18 ol
AA A e Fde A HEY T
(Fs), M1 TN, D= Atelz(me] 4 i

92 M133 M42



oT 8794 24 Ry} 4% 2 Hx &

ox,
2

o= 0194 e RRUAS 2, R g SE 59

ek, v= FEAE sk T AT(p,)ol F

A9E e, R 050 A4 AEE GG AR & LEIAL RIS 7113 s
phel WE gem B & A% ¥ ol Fd PvC 3% A48T,

ERE
2.2.1 RR 77
RR7FA 0] PVCREFol A 33A1S 2Qlatr] s
By, =1Fs, Ny Ny D byt B4 289 MITBIH 24 dolglo]
£ & 2 FeE Slsilth 4 gasel g
AZY Fued w2 A%e A A A2 RRIMES a¥ 2a), (b), ©9 2tk 28 2t
= HEolu R o] REXS J3kS 7]XA] & 116¥ #lZ=9] PVCel it 313S Yepdit) a9
= HH AEES Asy] AAgolt dubgow 3} o] PVCe] - o] RRIMAS °f 500ms, ©]
MIT-BIHE| o] E]Ho] 9] A9 7] AWZY Fal = °F 1000ms= Aol vls) w5 Zopxlvirt 2
7} 360HzO| L2 W E8] T3 Fs)E 360Hz, ©1% Hj A {.Lﬁ%] iﬂo}—b e gl + 9l

o] W9l 8, T ArE e W) 7,

XL
o
=)
2
N
N
A
:I:‘:
—{o
B
ﬁ°~ ml
N
N
(o3
o,
N
=)

o A—g— gelg 4 siet. ol
ol AYL Fal A& FAlW, A R} AE o] PVCE 7&7494 Wshgo] Ao F7}
& fladE ZRAAe) Aeol B AER e s AL 54 1 Q7] W] RRIFAS) 3
o] Fa3lth= AL AT F Utk 3} o], o]%e] Walgrs o] &3t PVCE &
Rk Aol Tbsdtch
2.2 Ry ¥ 9 RR{HA PVCEFZ $18 RR7MZ 9] Het 7b529) ws

& oid e 4 (2% 2k PVCe] RR7HA]
AL TS Fote] A0S dEHo=H QA A 71Zol) )8 80%1Tt 27 LEhje], 2

° o
o goleo] b Fad 4B Hn, o) W A g GPAEIL ASEE N5 RRZHY WeES
Ao A BAsHE 2718 A aE AHE AEoA R 120%0]4F bl wepa 1 e BEsls]
vt Felz THHY AANEE 1 Ferh 9 _
fH o o ?EH } g Hele dAY RRUA(RR)C] HAAIEA
st Aol HlF] PVCE R RR7MA 9 wisteko] 31
RYZY FH= 44 the ddS 7= 2 &
& 789 23l W3l
918 % ek, (RR,)HT 2& AgolAv ddshe Wy

weh B AFINE A, A7, A% A7)

RR)Q 1250 2 79 sgait
PVCS| Relz HehE ASIsHLh PVC A ) T

CENYEET 2N 93

3



HE 85(])

3z

=

ke
=g

Al
=

S

o~
-

il

PVCR AA Ry 2] 914

3L

=

R(i) :
C A R 39 7%
A

n:

A
MIT-BIH #Z=8 &

(R —R)

1
1

N—

and RE >1.2

1

N—1;

Rifiﬁ»l

)

RE,
if RR <RR,,
PVC

& PVCE

5

v

RR73} ©2o] R¥)ZRle] 45} A

=

<]

RR,, =0.8*
then RR,

[e)
=

oft}. & Aol = Fakst 237 o] PVCEol

2.2.2 FA} At

2 eh

o

27 =|AR(i) — |[AR(i— 1)

o] 27} 0T}

il
€

]

2
X

to] PVCol 52
9 3(a)<kb) BF

3& ) 1 Azl
o83

al
=

=

ko] Fo] 9] ghow Wi &

2 o4 R¥|A} H|aL

[e)
o
9} o]d Ry =9 ZE z}o]

%

]

)

Artk. 19 3(c)

A

o

B

37k4 JEfe] PVCY

ks

t}. olg

)}
PR

aha

3L
o

=
T

s

R27 714

L

-

W9l nks of ol whel PVCE A&
A Rr(i)7} PVC7} YR}

= ehia @) 2o,

0|
<

&

]

94 M133 M42



T 33904 34 Rok 3% 3 A4 544 358 5 $9H PVC LYY

)

20 1

= RR(V) v i
MJL\M A JL JL ] PVC H& dugse A4 #A=Es 19
IUUIJ 1500 Elﬂi *

Mo
i
ol
o

~

a) RR 7&3(116 elqﬁ)

2 = 8
;i M : she olth 7 54l EEge AR
i 3 A4 A% 100H g 7= PVCr) U 28kE
_ E

5

e 97Ne] AFEE ST 1A o2 PVCE

Qo du g my

) RR 7+4(119 record)

F J ML L : 7] 93 W9 @Ael RR(#R)A0] A7) RR

(c) RR 7HA(114 record) a1 WejeRl pr It 1200 2 A9 396
<718 2> RR 7H4¢] W& 1. 287 $S Ao Aol Bkl s q
Al pyCr) whEA o 7 wiglsls =4 pVCe)
i A4 RRUZ e 2208 B5aka) $asitt. ol
] 2 gJate] g3t AL ol gate] PVCE &

| Fark

(a) 223 HYF=(EF FE)

E

i

(c) 105, 116, 119. 200, 213, 223, 233 FA=
(4% %)

- e s \ SD #Ef \ \ D el \ ‘PVC H 2| \

<I¥ 4> PVC & <augE
<9 3> PVCY R Iz Fej

NS E2R 95

3



o

loT $7494 ¥4 Rot 112 3 A2 544 335 58 T PVC 27

il

I A8 Az 2 uz I glew, RRAHA ki B ksl
PVCZ AZHh 19 5(b)= 1064, 1149, 200

3.1 R3 A&& W g==2A 3709 PVCE UehiI 9o, RR
AT} A7) 278 wEsle] PVCE A%

MIT-BIH 42 Hle[efulo] =5 Fafef Rob 4 STk 5(c)+= 1194, 2138 =2 47)e] PVCE

2o Wi de F7PE sHEds MIT-BIH 4 Yehlal glom, RR 2443k @it 24t 7] =

o dlojejHlo] ~E Fate R} HEl did A% e BT UEFoR AF JHo PVCE HET
B7E FREAT AEE ARES A9 4L 6) Atk 59 ERS AdEE T M 2 A3sE
9} 2. o} Aol A FP(False Positive)i= 7& %L 7R Sl PVC Hid ERas 7S dags
Z)Fo] RoE HE95 o, MIT-BIHF Y o] I vl As, 250 9 RRdAe 84
EHo] o= EAlA] o8& Zolil, FN(False 8k, U B W fAek Ans 95
Negative)& MIT-BIHF-4H dloJejuo]xel= g1 4 SISIth  webA Agkd HA R} HE3 &
oup el ofF AFsA XF Afeltth A 5AH & ¢ AT 2§ PHe 5iEs
Al Bl E= MIT-BIHO| EA18h= RFe] & 7ielry. &93} SAjd 58 &78S el
MIT-BIH Hle|EHlo] 25 tiow & it Ry} 4
5 9.758%°] 7% Ao WSl
<X 1> PVC #E%
Detectionrate = (5) MIT—BIN
G Y PVC E5&(%)
3.2 PVC A& A% v 105 39 9113
106 520 96.24

Alke RRUA I R sj|le] whe PVC &7 114 i %48
BT F] A& BIES] Giste] MITBIH +4 e = e
o] HoleWol S Yo R 1 AEHS 1A = = -
o AEEe] AN A ) #ow, dewrt 3 20 86.24
AREE FEEE 105, 106, 114, 116, 119, 200, 213, m 4n 8042
223, 2339 97]9] HAEE gez Adsd) 23 813 98.90
neol NAS 9a)A PVC} 3070 o4 Eakd AA A 1,955 it 93.94
dlolEuhS ARE-S3IT) ARk W o & PVCE #

#3829 ¥ 19 Jeheh Q%7 29 3
7 AEEE 6%l ST A5e Jei.

5
RR7HA 3 RY 2 & #4913 Zlojt). 1§ 5(a)«
105, 116%, 223 #Z=2A 2709 PVCE YER

96 M133 M42



loT #7314 H4 Rot 45 5 A%

Vo--> N
Error corraction

1 L 1
500 1000 1500

(a) 105. 116. 223 AF=(3AF &)

1 L 1 I
2000 2500 3000 3500

Diff=1.6

400 — 1 - 1 |

RRv=1.30

Diff= 1.605 Diff= 087
1 T

500 1000 1500

(b) 106, 114, 200 H=

|
2000 2500 3000 3500

=(% 3

Diff = 0.69
RRv=2.47
Sum=-82.2

Diff = 0.79
RRv=2.46
Sum=-77.1

Diff = 0.84
RRv=2.35
Sum=-77.5

Diff = 0.83
RRwv=2.43
Sum=-774

<I1¥ 5> PVC &%

=
(i
il

¥ Aol A19) RoHE %
o Rz 7] &

ot o

7 =
= =
ok FEFHo =4
2 A3

_t_,

] %

r9~'

L.

qu o B ¢
s
%
k1
f
iy
L
|
ik
>,
oo ON
o d

HE, o
:OuL_',
.

-
riet
o,

o 1o

[oZ
o
4
e

ofr
—_
~

i)
o

it
r
B
)

M Eomro e
oft |
o
oSt
ox M

r Mroox
@O

~

o>

>,

U
0%
E
o
>
r'O
o
$4%
ful
o
i
o
:oé

,4
djo
o,
2
M
i,

>,
L
ki
=2
=
kY
)
Sl
i)

Koo
=
=
o>

A

=)
gt

RI=

go}ﬂ HEo] &old R
PVCE walgith Algke e -4
7] 98 MIT-BIH H|o]E]H]o]~ #la=
3k R¥FS] i HAEEL 99.758%2] $-54-3F A
UERflom, PVCE 2t 93.94%9] &

o
21'4
A 2 ol Y oM R

ii‘
A A ol
og W
o &
=
(o H

ot
=

(o o\ g

ol

mlm
o Mo

e ofr
o o

L 1 1 1
2000 2500 3000 3500

(c) 119, 213 dz7=(4% gH))

@ R 544 3%
o $3 A YERfISITE mEkA] 2 el A
AQFeE WL dArke] BRSS9 S AA
ko2 Qe FAams dshs ol AxAY §
el A&d F Ads AR deHrh

e

[1] M. J. Rooijakkers, Rabotti C, De Lau H, Oei SG,
Bergmans JW, Mischi, “Feasibility Study of a
New Method for Low-Complexity Fetal
Movement Detection From Abdominal ECG
Recordings,” IEEE Journal of Biomedical and
Health Informatics, Vol. 20, No. 5, Sept. 2016,

CRENYEEL 2N 97

3



oT 8740M 24 Ry} 4% 2 22 EA4H F5& 53 b= PVC £74H

pp-1361-1368.

[2] Oster ], Behar ], Sayadi O, Nemati S, Johnson AE,
Cliffore GD, “Semi-supervised ECG ventricular
beat classification with novelty detection based on
switching Kalman filters,” IEEE Transactions on
Biomedical Engineering, Vol.62, No.9, September.
2015, pp.2125-2134.

[B] 294, #32, “A Ao &7
& R} AZ3} o7 F5zt 7nte] R L7
W HARARIP RS =4, Al12d, 43,
2016\ 12, pp.33-40.

[4]S. Pal and M. Mitra,
decomposition based ECG enhancement and QRS
detection,” Computers in Biology and Medicine,
Vol. 42, No. 1, Jan. 2012, pp. 83-92.

[5] Y-L. Zheng et al, “Unobtrusive sensing and
wearable devices for health informatics,” IEEE
Transactions on Biomedical Engineering, Vol. 61,
No. 5, May. 2014., pp. 1538-1554.

[e]P. Li Y. Wang et al,

Personalized Heartbeat Classification Model for

“Empirical mode

“High-Performance

Long-Term ECG Signal,” IEEE Transactions on
Biomedical Engineering, Vol. 64, No. 1, Jan. 2017,
pp. 78-86.

[71H. Xia, 1. Asif, and X. Zhao, “Cloud-ECG for real
time ECG monitoring and analysis,” Journal of
Computer Methods and Programs in Biomedicine,
Vol. 110, No. 3, Jun. 2013, pp. 253-259.

[8] C. J. Deepu, X. Zhang, C. H. Heng, Y. Lian, “A
3-Lead ECG-on-Chip with QRS Detection and
Lossless Compression for Wireless Sensors,” IEEE
Transactions on Circuits and Systems II: Express
Briefs, Vol. 63, No. 12, Dec. 2016, pp. 1151-1155.

[9] L S. Cho, H. SKwon, J.O. Yun, “Detection of QRS

Feature Based on Phase Transition Tracking for

Premature Ventricular Contraction Classification,”
Journal of Korea Institute of Information and
Communication Engineering, Vol. 20, No. 2,
February. 2016, pp. 427-436.

[10] L S. Cho, H. SKwon, “Optimal Threshold Setting
Method for R Wave Detection According to The
Sampling Frequency of ECG Signals,” Journal of
Korea  Institute  of  Information  and

Communication Engineering, Vol. 21, No. 7, July.

2017, pp. 1420-1428,

n A2} A7 .

201403 - #A : AL
JERUENTHY 205
N =& 201402 : 8T
13 Hho] 9 A0 AAFgeh} FauA)
=

=1 0
' 20030 : okl abehy

ARk BOG Preporcessing,

BAWE 20 7=

z 94 E-mail : ischo@ikw.ac.kr

a2z

(Cho Iksung)

2
=123
re
—+
o,

B
(3854
)
E /K]
(Woo Dong51k) Aok FAFA AZE, Frje ot #ofd,
”ﬁﬁaﬁ%
E-mail : dswoo@ikw.ac.

A 2017d 118 219
A 920174 129 129
AANSAY: 20179 129 209

98 M133 M42



