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SVM(Support Vector Machine), MLP(Multilayer Perceptron) ©]%le4, ¥ 4#-2 Random Forest /7|8 Al=&sit), 4@y Rmdom
Forest ¢32lE& Agdelee] M%) Ao 7|vste FAEE AL, w7719 #4489 dneF 45 AH87] Hde sSvMat
MLP 77|19 ASEE d)a FMasch AgoMe 4A%E 439 R-R interval® F&3ld] Agaon =3 FU3 dlo|e|E AL g
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Research on the modified algorithm for improving accuracy of Random
Forest classifier which identifies automatically arrhythmia

HyunJu Lee" - DongKyoo Shin™ - HeeWon Park™ - SooHan Kim™" - Dongll Shin™"

ABSTRACT

ECG(Electrocardiogram), a field of Bio-signal, is generally experimented with classification algorithms most of which are SVM(Support
Vector Machine), MLP(Multilayer Perceptron). But this study modified the Random Forest Algorithm along the basis of signal
characteristics and comparatively analyzed the accuracies of modified algorithm with those of SVM and MLP to prove the ability of
modified algorithm. The R-R interval extracted from ECG is used in this study and the results of established researches which
experimented co-equal data are also comparatively analyzed. As a result, modified RF Classifier showed better consequences than SVM
classifier, MLP classifier and other researches’ results in accuracy category. The Band-pass filter is used to extract R-R interval in
pre-processing stage. However, the Wavelet transform, median filter, and finite impulse response filter in addition to Band-pass filter are
often used in experiment of ECG. After this study, selection of the filters efficiently deleting the baseline wandering in pre-processing
stage and study of the methods correctly extracting the R-R interval are needed.

Keywords : ECG, Random Forest, SVM, MLP, R-R Interval, Classifier, Accuracy
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MIT-BIH Arrhythmia Database?} &7 gt}

AAE A3ZE Y9t og R-R intervaldt QRS-
Complex59 +#& F%38le g%}t Tsipouras,
Fotiadis 22] 1 Sideris[3]& R-R intervale] A Zo]A utAl
He 4359 5746 met #A49E gxsn BFsA
o, 252 A, 249 AFoA LAHE beatdE HFH3}
o NEE X&HL A, FARNIA Bz E 67
o] E4& 7M1 gAdE F4Y F2A4UL APt
SVM(Support Vector Machine)®#7]12 &% Song[4]2]
AYL ALYFINSRIEF7], AAN=H(VDER7], H2A
FVDEF7 2gn 2ANER79 2 SYMY BF
712 AR, e BR7le dgEHE 439 534
by ¥Ado] HE d Ao 49 @& &HUt olg
Zol AAE AddME SVMEF7I9 MLP(Mutilayer
Perceptron) 7717} 713 &o| A4-H i

add AW Ag4se] G5 FAANT7] HF =
go| ggo2 SVM# MLP% ¢igFol & Random
Forest #7719 A%< 488 9a7} dvx £} wely
£ 3E Random Forest®] #7719 A%< 947 $lsiA
SVM# MLP ##/7]9 AEEE vlx ¥4 3gd. =
55% dolH9 R-R intervald &3l A9 g =8
£ Zdde E A¥Y FAE v 488 R-R
interval& MIT-BIH Arrhythmia Databased] A #]¥3 beat
annotation® Fidte NIZE EFL doHE T4
o $477] ¢1EFY FEE ALt
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2.1 MIT-BIH Arrthythmia Database

MIT-BIH(The Massachusetts Institute of Technology -
Beth Israel Hospital) Arrhythmia Database(#3 % 6 o]€
o] ~)[5]% BIH(Beth Israel Hospital) A2 A2 oA
19754 o|# & Boston's Israel Hospital = MITS| A&
ol FAule] M3 fEg FAEE A7 dHolgol
o}, MIT-BIH Arrhythmia® #Hz2 §439 @2 3J7+&
A HZE o8& faA dWH2z Ao 7HedR
T4 dolgoln], HAl dolHY 7|52 Al AL
360 MEAAN AL 71Foth o] 7EL 1975dH
19799 Atele]l BIH #A3% APHeA dTE Aotk o
dolg e F L2 FAHHIE, 28709 715 40%9] ¢
g eatet 60%2 YUEA F DA AEEHUR, o=
400070¢] diole FFo2Hg Y= #34E otk Yy
A 25749 dolel= 23709 dolE gt YT oM F34
g dolHolA% ddHeor Fad AW A E /HAx
A<E 1 Fx> AYdlHY classH (S HY)S
annotation symbol & vlgto2 A9,

22 R-R interval 53 £&

R-R interval® R¥9] @ Peakd]A 1 thgol FA=HE
Peak7}#] 8] A|ZHE ojwldtu], Z47te] intervalS § ¥
cardiac cycle® FA €t (28 1)& R-R intervals e
W Aol 6],
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(E 1) MIT-BIH £3% tf|o|e{tf|o|A2| beat annotation
! wthythmia | Classification

Normal (N)

Fusion of paced and normal beat

Non-conducted P-wave (blocked APB)

Left bundle branch block beat

Right bundle branch block beat

Unclassifiable beat (beat annotations)

Premature ventricular contraction
(beat annotation)

Premature ventricular contraction
(PVC)

Atrial premature beat

Atrial premature (A)

Start of ventricular flutter/fibrillation

Ventricular flutter/fibrillation (VF)

Ventricular flutter wave

End of ventricular flutter/fibrillation
(beat annotations)

(BII

28 heart block (rhythm annotation)

28 heart block (BII)

Paced beat

Left bundle branch block beat
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(22 1) R-R interval

R-R intervale A£¥ A7te] 2 jEEste] A&HH o
2 wAs e, AHE HEoAM QRS HEVE HEY W
R-R interval®] sequence?} % HC}H7].

R-R interval?] sequence:= A1ZFe] d&Ado] 7]x&te 3
AEY, FZ43 A3 & 4838 % sequences ©F
o] Ho= AHojH 7]

(4 2)
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(19 2)& R-R interval®] 53F2& e Aot} A
e HHGorE= BEHE ALE3te] dleolele] 7|AH FE&
Aejdch, gele Y8R g ARFIs 48RS AAG
o, A, £&, 7HE, 2k, ¥ §% AFsd A7 H3
2 Wesle Aot dHE vt HE (Median Filter),
3t o8 ~HE(finite impulse response), $ilo|Eal W3k
(Wavelet transform), 2]l ¥ & (Fourier transform)¥} of
o £ 3} 9 €] (Band-pass Filter)5°] &gt}

B A& = NI Labview(National Instrument Labview)
o A A%+ Biomedical Startup Kit 3.0 F&33el A
faonz KitolH AlFste ddEHLHE AHEstgn
(28 3 #=x). d95IdgEE= single filter ¢HllA low-
passe} high-pass® st #HEE Zuxs dzagly
P e o] tHal

a# 3 g ZE 9] low-passE 10Hz, high-pass=
BHz2 A8 449 Ue: dolg 439 FEE
AAZ R, AAY 458 53] R-R interval & FE3) F
%49 R-R interval® #577] A@olA AH8E Wekaol Al 4
qE & de FHE dAAHAG fARIE dHelEe

Wekaoll A A5+ #5719 32l Random Forest #F

Feature extraction

Band-pass Filter

Filter out baseli
wandering

R-R interval

(22 2) R-R intervale| EXFZE

Signal _)

| Signal

Low-pass filter

Input

High-pass filter

Output

Blocks frequencies too high

Blocks frequencies too low
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3.1 Random Forest £77|2 & LDa|Fn T4

3.1.1 Random Forest 4 ¢ielF

19989 Hox & =%o|A Random Subspace: zI Eg
oA A3 subsetS AME-ste] o= AEsl= WHelz
A AFEHa, 19 F Breimans Y92 FEHE NMEE
4 dolgHE AASY YEEY dHolHdA A&ssac
[9]. Random Foreste ¢J9] WlgAejoz ALEEE= it
Fo = Decision Tree #7718 & 593 dA" $3E
71'oltt. Zt7he] Decision Tree:= YA E FEREZLE
AAE oo e E AT A9 ¥WEHe Ef 4%
o 7z e=o] 28 A8 FAAE A9E FAY {1
53E& AAH R ZASIE diale] Ad9E Fre 5H o=
2e AP0l L2ln Forest-RIgt Forest-RCEH=E 9}
g E22 zH=d Forest-RI&= RI¢| #WEE TR Ad
st 91gslE Wyolt. Forest-RCE F7le] 43 EA0]
AubA Q) AYxgfel] =estd s dolHE HAH 4
gz FegcH9l 4% L FodAM Forest-RIE= 7H3
E’%"I LR *’*lig- WA Mesta, Forest-RCE 44

SE FA8Y EHSGES 1dskrh 182 Decision

Trea 4ol Best F:rst decision tree(B-F Tree)& # &3}
o). dubA o2 Decision Treet Fo]7 dlo]HE £ F3}
EXoz ALH: dudFoez S5XAWRTE 7R
R B3 Efe ERHSY d@Er 22 ¥HsE
Mesle 0 W BMEE 2§stn AR5 & BF
et ol dleolee] SA4d wWE FAE etk o
qoz folEe Aol 54 wigd £AXor FEHA
% v B2F&0] dojA 1 EFr}t ERFAAnE HAH F
grg R o gebM olfd 9HE B
98- B-F TreeE Al AH&3to daeFE FH 5
B-F Tree= A" 9& didlo] best-first # 22 node
55 $3she HHoR Z dAdA HHoz ¥ node
g g 287t 283 BE nodedld HAs e L7E
43} g Z dAlA Ede HA3E subsets: A H3E
o 435 agn 29 T2AAE ZE nodeSol &
AY F EE pure noded] =BT W7tx GAFECH1L]L
B-F Treex= 7F4#7](Pruning) ¥°]A pre-pruning®}
post-pruning ¥ #WEe AI¥F F gtk A wA
Pre-pruning& Ee]7} A4 of Felste dlole 7t 2414
olx] gow AZE FAM a2 o YoprhA £ &
e Hd LFAHE /A AF 3% 8 7HAx
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Random Forest ¥#7]2 4%@3t TP(True Positive),
TN(True Negative), FP(False Positive) Z12]3 FN(False
Negative) & =% ¢ Foll Accuracy(BE%), Sensitivity(¥!
#=), Specificity(5°]%=), DER(Detection Error Rate)¥}
PPR(Positive Predictive Rate)& ZA38%icth +42 g3}
Fig=
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UrAY T TPy IN+ FP+ FN  Total Instance
(4 3
Sensitivity = % (44
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FN+ FP
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A dolet U9 E Y e (Band-pass filter) & AH&-3te
Narrow$} Wide 5 38 22 R-R interval & F&3to 74
stk dlolge £A9A(classHA)S 21004 g 6}
¥ beat annotationd Fidte] FERT. FAE FAY
Agdolg oA 7} o] TAZ beat= N(Normal)4l &}
~(Change in signal quality)AlZ o]t N& A4#<l 5
e %5 ~& FH¥o] Ao & oz A
g5 ugdd #R39E 9n|skE beatr= V(Premature
Ventricular Contraction)41 %9} A(Atrial Premature Beat)2l
S7F 74 Bol AR e ¥ 4¥e WsHA dAHE
beatE 7|Wto2 dugFE FANAY FAT G F
A Forest-RI= N(Normal)2 &9 ~(Change in signal
quality)21 & A Hesla, Forest-RCE V(Premature
Ventricular Contraction)41 %9} A(Atrial Premature Beat)2l
TE FH3}Y FAHANE EHIE=F ntsgch 22z
Forest-RI= N415¢} ~A3E Fe Fo & AN3EL
FAste] EFFEE AAGAG. FAT L F(The
Algorithm)& o}#f¢} 2tk
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The Algorithm:
1. Forest-RI:= F= N(Normal), F= (Change in signal
quality) & FHAEHE 7
L1N = 44345
12~ =438 WA
2. Forest-RI+= V(Premature Ventricular Contraction),
A(Atrial Premature Beat)® ¥+
3. Forest-RC+ V, AE ArrhythmiaZ #F
3.1 V = Arrhythmia
3.2 A = Arrhythmia
Forest-RI= N, 7, V, Afld & A3 E F3s9
. Forest-RI%} Forest-RC 4=
. end Forest-RI/ Forest-RC

=
T

A
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2 A3 Forest-RISt Forest-RCe +74 2=
Decision Tree th4l¢] Best-first decision tree(B-F Tree)&
st QF/FE 9. B-F Treec IAY HHEoA
best-first BHOE nodeEs HFFste WHoE Feldo
E7t AAHolA Fod AL FAsx, AF IYH +
g /M3 Bale] 83 9 7hx 9] Hd 0F AAE
43 stz AdHOE Decision Tree Bt} LHES =
9 4= glt}. Forest-RIS} Forest-RCellAl A %& A€ sd
FH-EFeteE e o AP A= TP(True Positive)
7} FA ARG AoFeE £ $E =&AL, v
FP(False Positive)?] #2 £t} 283l B-F Tree® %
25192 weol ©F8&(0ut-Of-Bag)e] Agxxr} Adi#o
2 Fo 4857 ARt g4 =FHA% B-F Treed 4
50| Decision Tree Bt} 58 &Q13t7] st & o
olHE A3l Ayl 4¥AF}E= Decision Tree
Egle A7|E 341, leaver 171E AZEE 069%7F =F
Hlc}h ukHo) B-F Tree: E#9 A7]: 567, leave:
W42 AFrE 9331%7F EEH U

EF7148L Weka-362 BlHoA Random Forest¥
712 AYPHHHIY 6 F=). AP HAAY dANA
R-R interval® %391, FF¢ dolHE WekaolA 4
28 4 A=F deoles FAste A stirh. Wekal 4
o] A%e WA unsupervisedel Al A EFE Re-sample ZE
g Agsld dolHE F4d4n, F4¥ deolHE
Random Forest #7712 #3891 th. Random Forest &+
71X el AP tF Az Z(k-fold cross- validation)
Wow s}, chFuakd F(k-fold cross-validation)d
He dolHE ke 4§ A7) FEoz FEse WY
oz FIE F syst Agdgoz MYy ez F4
402 ALEEE Wo|t10]. o2 g Hxto] wepy 7z}
Zo| ANggoz Hs I 9k ALHEE ki NEHY
F oFE kg RE 3o dig L/FES A Lojd
f. B AgedME k9 #e 1022 AAsS  10-fold
cross-validation®. 2 A#& s, =F€ TP, TN,
FP, FN2| £2& 7|wre 2 Accuracy(H 8%), Sensitivity
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Step 1
e Arthythmia Data
) Band-pass fiter (biomedical startup kit
Feature extraction
l Pre-processing (total 48 data)
R-R interval
" MIT-BH Arrhythmia Database
Step 2
R-Rinterval data
L Pre-processing (Weka filter
Resample filter

lMledudion

Random Forest
1 Classifier

TRTNFRFN

4 Cakulation
ACC. SEN, SPE, DER,
PPR

Random Forest classifier

(28 6) HEndy

(717 %), Specificity(5-°]%), DER(Detection Error Rate)}
PPR(Positive Predictive Rate)s 4359t

33 Agzn
3.3.1 Random Forest ##7] ¥¢xel5e] 4 H(pre-
result)® F(now)e] A&E Hlw
RF(Random Forest)t= 4 &=9| 44 gay & A9
dqME $4 A3E Adstd FHsE= WHeR FA8A
t}. (2¥ 7& Random Forest® 443 Fo HArs
e g zolr,

W RF(now)
W RF{pre-result)

2010 202 203 210 217 219 221 222

(22 7) Random Foreste] +H&1} Fo| HEr H|m

dlo]El= K&L[12]e] AgldlelejE FHmale] Mesgit
g %64 %2E] RE(now)-> RF(pre-result) %419
th nows 4uEF FAFY A4 pre-results F
4 Ao Ao}, 1YZE MHEAE 4 Fo ¢ud
Zo] FAARY 2L FHUEE =259 LS 4 F U
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3.3.2 B =%3 SVM, MLP$} Random Forest® 4&
=1 vl
<# 2>+ B =% RF(Random Forest)o|A 4#3}4
& Sensitivity(9 7 E), Specificity(E¢]%), Accuracy(3 &
E)E =58 Aot}

(E 2) Sensitivity, Specificity, Accuracy(H&=)EH

e e

9644 | 9971 | 3952 | 8823 | 6546 | 99.28
8079 | 9962 | 9464 | 7273 | 872 | 992

8136 | 9989 | 2192 | 7143 | 6337 | 977
96.89 100 0 0 9473 | 100

7278 | 9951 | 9422 | 2727 | 90.86 | 988l
9686 | 9981 | 6420 | 8966 | 91.39 | 9963
9225 | 9986 | 5066 | 9487 | 65.24 | 99.76
9225 | 978 | 5066 | 9194 | 65.24 | 99.32
8863 | 9977 | 5198 | 67 | 7813 | 9947

<HE 2004 K&LES K Tateno[12]¢] Zs}olx, RF:
Random ForestZ £ 439 ZAxelct, AHEES u|us)
2 o2y 2o K&Le AdolAM 2108 w7 Az}
7b 7% FStok 210W dlo]HE RFS Z3}e vlusjnd
RF7} 527% £& A¥EE £E3198L ¢ + itk RFY

Ageg vn 457 fA8A4 (29 8L g E771A
SVM(Support ~ Vector ~ Machine)¥  MLP(Multilayer

Perceptron) 181 K&L¥} RFS A¥EE aLe e
A Aol HelHE K&Lo Agdole e} FdaA A3t
A}l 2P T RF-> K&L-> MLP-> SVM &4 o)t} (1
g 8)2 AHud RF7} & Agd vlaA 100%] 2330
AL & F Atk

W RF

WESL
B MLP
uSVM

201 202 203 210 217 219 221 222

(12 8) RF2t K&L, MLP, SVMQ| H&tz E4

<E 3> 48719 R-R interval 5% Ho]EE Random
Forest2 A¥3% A3E Yepd Aol TP, TN, FP 218
I FN9 @& WA x=&%F Fo DER(Detection Error
Rate), PPR(Positive Predictive Rate), SEN(Sensitivity%),
SPE(Specificity%), ACC(Accuracy%)E AlAeta gt
(Mean)& 38t} <& 3> H#Ew ACCAA 100% 2
Bg =&% delgst 117] &A%k 103, 104, 107, 113,
115, 117, 121, 122, 123, 210, 228 dlojEjoln| o]F ¥ g3
A dolHE %% o3 AFEE =F8Ath

u}2}H Random Forest ¥771% A4 do]g ZAulolA
B&EQ AYdeg =Z84t

4 ZE % Hu7YE

= E SVM3} MLP #7719 A8%x9 Random
Forest W3i719] A3 =E MIT-BIH Arrhythmia Database
£ ARgste] i #4389t R-R interval HlolE F&
(4 #2] 7}4)o] & Biomedical Startup Kit& ©] 83891,
Random Forest ¥771% WekadlA Ag8 AL F4 3k
243t

5t R-R interval E""ﬂIOIEi MEAD

P y | e PR | SAS
0 99.73 100 99.82
1 100 8333 99.94

64 100 2967 97.06
0 100 0 100
0 100 0 100
4 100 81 99.74
4 100 81 99.75
0 100 0 100
4 w1 6363 99.56
34 100 0 98.65
0 9.8 0 99.85
4 100 66.66 99.84
0 100 0 100
4 99.78 69.23 99,57
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ER7IQ HEx SME D £E L0050 o A7 347

s | 19% 0 0 0 0 100 100 100

6 | »65 21 12 14 9.1 99.49 0 98.61

w1 2 0 0 0 100 100 100 100

18 | 20 18 4 19 1.93 9892 99.15 28 | 9.106

O 49 3 1 0306 | 9977 | 99 uB | 97

121 1855 0 0 0 0 100 100 100

12 2460 0 0 0 0 100 100 100

123 1512 0 0 0 0 100 100 100

24 | 1542 13 1 2 0193 | 9993 99.87 2.8 99.81

00 | 1852 59 9 12 11266 | 99516 | 935 8.76 98.91

01 | 1 60 8 5 07415 | 9954 99.71 823 99.28

22 | 2081 2 9 8 08137 | 9957 %.62 7273 9.2

0 | w9 10 4 3 02352 | 9986 99.89 .43 99.77

W | 5% 3 2 1 08086 | 9923 | 999 6226 99.2

0 | AR 18 4 4 03734 | 9981 | 981 | 8181 | 9963

208 | 1997 63 17 7 11976 99.15 9965 .75 98.84

209 | B 12 1% 2 55185 | 9551 9.07 8.16 94.69

20 | 2352 % 0 0 0 100 100 0 100

212 2644 3 10 2 1.5695 99.62 9838 76.74 98.45

a3 | B 343 9 % 21768 | 9968 9.13 97.44 98.05

224 | 198 7 6 6 0619 9969 9969 5384 99.38

A5 | 5% 23 10 13 0852 | 9961 99.49 69.7 99.11

1 | 246 6 16 11 11962 | 9929 951 0.2 98.81

29 | 1600 % 3 3 03742 | 998l 99.81 89,66 99.63

20 | 2015 6 14 9 11363 | 9931 955 30 98.87

2 | 266 37 2 3 0.2416 99.9 99.86 94.87 99.76

- | 3% 137 12 5 07203 | 9949 978 9194 | 99.32

23 | 261 0 4 4 03532 | 9982 9,82 0 99.64

28 | 1983 0 0 0 0 100 100 0 100

B0 | 2 0 2 2 0121 | 9991 9991 0 99.82

B | % 0 1 1 02123 | 9989 | 9989 0 99.78

22| 115 2 21 6 15597 | 9879 99.65 %6.25 98.48

3 | % 0 2 2 0.1821 9991 991 0 99.82

B4 | %% 39 2 2 08172 | 9926 99.93 66.1 99.2

Mean | 2076 2443 10541 5625 0.6929 9955 975 4 99.326
F A 7b9] ztelg Seglo] 847]918 Random Forest He| Aol o] dlole dFLier AMEE djqEEH
7719 duEgss ued #ol A dAR 48 (Band-pass Filter)®] #1553 & %< R-R interval +
A A, AFE T A" WM 1 W= AFTE § AeFHe e 499 AFunes v EFE Fd3AE B
A Addste Pgoz FAAT F UA, H4 2edA . 222 FFde AAYAAHAN AL FS
P4 A5E gAste) BRSES AUt A WA, (baseline wandering)® E&H02 AAY 4 9= WE

Decision Tree® A8t tl4lel Best-first decision tree
2 #8489k 2 23} Random Forest £#/7] A¥EE
Huste 4 o] SVM3 MLP 77180 Ao $48)
AL L/HE Y F AUk 28z K Tatenod] A+ 2
o} vwste] AL WolM FHE dneFo & A
ga& 4 itk
Ao AR FdME FL AAE Ao, A

A€3} R-R intervale B&eA 28 &
g A7 Agsj

Qe Wl o
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