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Abstract

Low misclassification performance is significant with high classification accuracy for a reliable diagnosis of ECG
signals, and diagnosing abnormal state as normal state can especially raises a deadly problem to a person in ECG
test. In this paper, we propose detection and classification method of abnormal rhythm by rule-based rhythm
classification reflecting clinical criteria for disease. Rule-based classification classifies rhythm types using rule-base for
feature of rhythm section, and rule-base deduces decision results corresponding to professional materials of clinical
and internal fields. Experimental results for the MIT-BIH arrhythmia database show that the applicability of proposed
method is confirmed to classify rhythm types for normal sinus, paced, and various abnormal rhythms, especially
without misclassification in detection aspect of abnormal rhythm.
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Sample index x 10
< Description >
+ Sinus rhythm, rate 72/min
+ Normal P wave, 0.B89538
+ Normal PR interval, 0.17199
+ Mormal ORS duration, 0.09143%

< Interpretation >
+ Normal Sinus Bhythm
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Fig. 4. An example of processing result by rule-based
rhythm classification
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32 A 3tk 4] 2 9T A5
gt &5 2y gele] Fasith ¥ 5(a)= dZE 101
Hel g5 ros gE 9 A 218 BF wEEE A
ExEe|T)

< Original signal : 10sec >

Voltage(mV)
. =)

4000 4500 5000 5500 6000 6500 7000
Sample index
< Description =
+ Sinus rhvthm, rate 72/min
+ Normal P wave, 1.6184
+ Hormal PR interval, 0.14444
+ Mormal GRS duration, 0.066395

< Interpretation >
+ Normal Sinus Bhythm

(a)

< Original signal : 10sec >

A A

LA LA

S ol ] o)
- I
1y !

Voltage(mV)
=
=
f’

————
B
e

e
Pt

T

< Description »

+ Binus rhythm, rate 72/min
+ P owave, 1.2855

+« PR interval, 017963

+ (RS duration, 0.20949

< Interpretation >
+ Paced Rhythm

dIZE 101, 2 (o) l=Z= 107
Fig. 5. Rhythm classification for normal sinus rhythm
and paced rhythm; (a) Record no.101, and (b) Record

no.107
e ge Adusr)7E Ao r Faeke AS A4
e R EFEoF ST AT 5] o] HMHg Wk A
Holmg AYszgds Hiz BEFFojof vy ¥y
5(b)& #HE= 10799 g5 o= AYsxeds v
W B¥ 2 7XH £3] QRSHo] W& A 199 A%

)
2170 €)3 w2 gl

SUAAE R AFd Aol sFEE RAgwo
2 5ANY S SRR gla FAHAIL
A Th MIT-BIH #A4 9 dlo]g o] 2o &= da= 23249
of AW g5s sty Jed g 24Uy &
Ax o] Huk EAo] oz FAMDY 1fe] 3
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GrlEoRE Aol oyt 19 6(a)= das 2329
o BE Trow AMEI|FHIY SrRve EAw
Q1ske] AuLES 603)/3 VRl A FEe] FAYNOE
A%ol sd FANY
< Original signal : 10sec >

3

2
=
E; 0 sz F s bz
e

)

B 5.15 5:155 5.16 5.165 547 5.175 5.18

Sample index x10°

< Description »

* Sinus rhvthm, rate 24/min
+ Mormal P wave, 0.B2155

+ Mormal PR interval. 0.18704
+ [RS duration, 0.15303

< Interpretation >
+ Sinus Bradvcardia

(a)

< Original signal : 10sec >

T Y N T A N S W

Voltage(mV)

4.18 4.185 4.19 4.195 42 4.205 421
Sample index x10°
< Degcription >
+ Atrial rhythm, rate 72/min
+ P owave, 0.52631
+ PR interval, 0.12407
+ ORS duration, 0.084028

< Interpretation >
+ Atrial Bigeminy

(b)

< Original signal : 10sec >

Voltage(mV)

23 2.305 231 2.315 2.32 2.325 2.33
Sample index x10°

< Description >

+ Junctional rhythm, rate 54/min
+ P wave, -0.55464

+ PR interval, 0.12604

+ ORS duration, 0.093519

< Interpretation >
+ Junctional Rhythm

()
O8 6. AMAMN ExMolo Ot 2l &5 (@ HZ=
232, (b) 2llZE 2221 2 (o) 2= 2228
Fig. 6. Rhythm classification for supraventricular
arrhythmia; (a) Record no.232, (b) Record no.222, and
(c) Record no.222
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< Original signal : 10sec >
3
2
E 1
EN A AT T T
] UV! \/“V AT R A A 9
. | i
)
3 2.705 271 2.715 2.72 2.725 273 2.735
Sample index x10°
< Description *
+ Yentricular rhythm, rate S0/min
+ P owave, 0.59344
+ PR interval, 0.080856
+ [R5 duration, 0.12533
< Interpretation *
+ Ventricular Bigeminy
(@
N < Original signal : 10sec >
2
’>: 1
£, | | |
=
S l Al \ -
A \ i J
3 6.3 6.35 6.4 6.45 6.5 6.55 6.6
Sample index x10*
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< Description >

+ Yentricular rhythm, rate BO0/min
+ Mormal P wave, 3.0331

+ Hormal PR interval, 0.13135

+ (RS duration, 0.10722

< Interpretation >
+ Yentricular Trigeminy

(b)
IAld 2Malo it 2|5 B () 2llZ= 1068,
b) 2l2= 119
Fig. 7. Rhythm classification for ventricular arrhythmia;
(a) Record no.106, and (b) Record no.119
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< Original signal : 10sec >

Voltage(mV)

3.65 3.7 3.75 38 3.85 39 3.95
Sample index x10°
< Description >
+ Sinus rhythm, rate 36/min
+ Mormal P owawe, 1.9812
+ Mormal PR interval, 0.14537

+

Mormal GRS duration, 0.071296

-

Interpretation >
Sinus Bradvcardia

(a)

< Original signal : 10sec >

+

Voltage(mV)
7%
i
N

{

j

S
—

{

1.045 1.05 1.055 1.06 1.065 1.07 1.075 1.08
Sample index x10°
< Description »
+ Sinus+dtrialMentricular, rate B0/min
+ Normal P owave, 1,161
+ PR interval, 0.10583
+ ORS duration, 0,14472

< Interpretation >
+ Pre-excitation(WP¥) syndrone

(b)
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J% 8 MM FH™oof iet 2|5 &7/ (a) alZE 2313,
2 (p) A ZE 230H
Fig. 8 Rhythm classification for conduction arrhythmia;
(a) Record no.231, and (b) Record no.230
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Holl A 9d 245 HAFs= 5Ao] Ht
® 4. Meot=El wE7|gE e Fo otk HAMH|HA 2R/
M
o o

Table 4. Classification performance by proposed
rule-based algorithm

No. of test No. of No. of classification
signals normality | abnormality (%)
Normal
Rhythm 74 60 14 81.08
Abnormal
Rhythm 63 0 68 100
& 5% Aeke 7 wolxe] sukg RAgu BE 4
S5 UEtA Zo=mA, WA BF ATES O 73%=
el ek ol ¥ Al o] 7 Rl 59H3
9% 9 Aute] R e BRE ATHEZ, o
oA Ao galE wEy ATl dalsch w
BA A7 o ddol ofee AN 25
SaEFE AN, G2 2 uE g5 B, 18a 2§
2 AF D5l AF 5ol d@ Fh A7 Fwrd A4
T Btk Add &/ Aol AdE ¢ At

H 5 MetEl fE7|gr dg|Eof 2|t 27 Ms
Table 5. Classification performance by proposed
rule-based algorithm

Rhythm type (Risk 2 °" | No. of | No. of Tvpe
level) test nomality | abnormality classification
signals (%)
Normal Sinus
rhythm(1) 64 50 14| 50| 7813
Paced Rhythm(2) 10 10 0 9| 9000
Sinus
Bradycardia(2) 10 0 10| 6] 6000
Atrial Bigeminy(2) 8 0 8 6 75.00
Supraventricular
Tachyarhythmia(@) 10 0 10 7 | 70.00
Ventricular
Bigeminy(2) 10 0 10| 8| 8000
Ventricular
Trigeminy(3) 10 0 10| 6| 6000
Ventricular
Tachycardia(4) 10 0 10| 7| 7000
Pre-excitation 0 0 0 . 000
syndrome(2)
Total 142 60 82 | 106 7257
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