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Rhythm Classification of ECG Signal by Rule and SVM
Based Algorithm
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Abstract

Classification result by comprehensive analysis of rhythm section and heartbeat unit makes a
reliable diagnosis of heart disease possible. In this paper, based on feature-points of ECG signals,
rhythm analysis for constant section and heartbeat unit is conducted using rule-based
classification and SVM-based classification respectively. Rhythm types are classified using a rule
base deduced from clinical materials for features of rhythm section in rule-based classification, and
monotonic rhythm or major abnormality heartbeats are classified using multiple SVMs trained

previously for features of heartbeat unit in SVM-based classification. Experimental results for the
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MIT-BIH arrhythmia database show classification ratios of 68.52% by rule-based method alone
and 87.04% by fusion method of rule-based and SVM-based for 11 rhythm types. The proposed

fusion method is improved by about 19% through misclassification improvement for monotonic and

arrangement rhythms by SVM-based method.

» Keywords : ECG Signal, Rhythm Classification, Heartbeat Classification, Fusion
Algorithm, Arrhythmia Diagnosis
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Table 1. Rhythm Features for arrhythmia diagnosis

2§ S2&(Rhythm Features)

- Pajof

Alels=(heartrate of P wave)

- Rule)

Aekr(heartrate of R wave)

SUd(identity of P wave and R wave)

- &M (regularity of PP interval and RR interval)

- PZK(positive and negative of P wave)
- PRZFA(PR interval)
- QRSE(QRS width)
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Table 2. Rule-base generated from knowledge-base

if {(60<Pate<100)N(B0<R5e<100) N (Drae=0)} N
Rule: {(Dpp<0.16)N(Drr<0.16)} N {(Pw?0)} N

1 {(0.12<PRin<0.2)} N {(QRSwig<0.1)},

then Normal Sinus Rhythm

if {(60<Re<100)} N {(Drr=<0.16)} N
{(QRSwit>0.12)},
then Paced Rhythm

Rule
2

if {(40<P2e(60) N (40<R51e{B0) N (Drae=0)} N
Rule: {(Dpp<0.16)N(Drr<0.16)} N {(Pw?0)} N
3 {(0.12<PRin<0.2)} N {(QRSwig<0.1)},
then Sinus Bradycardia

if {(100¢Prate<160) N (100{Rrste<160) N (Drate=0)} N
Rule: {(Dpp<0.16)N (Drr=<0.16)} N {(Py0)} N

4 {(0.12<PRi<0.2)} N {(QRSig<0.1)},

then Sinus Tachycardia

if {((60<Prae<100)N(60<Rae<100)N(Drae=0)} N
Rule: {(Dgr20.16)} N {(Pw20)} N {(0.12<PRin<0.2)} N
B {(QRSig<0.1)},
then Sinus Arrhythmia
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Fig. 4. Diagram for SVM-based heartbeat classification
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Table 3. Temporal features for heartbeat classification

Group Features
-preRR interval (current R peak - previous R
inter- peak)
heartbeat | - post-RR interval (post R peak - current R
peak)

- PR interval (QRS start - P start)
- QT interval (T end - QRS start)

intra- - P-wave duration (P end - P start)

heartbeat - QRS-—complex duration (QRS end - QRS
start)

- T-wave duration (T end - T start)
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Table 4. Diagnosis criteria of arrhythmia by heartbeattype
analysis
Heartbeat type| Diagnosis criteria of arrhythmia Rule no.
Paced monotonic rhythm during a certain Rule 2
(P) period — Paced Rhythm
PAC 6 sequences of PAC & Normal Rule 7
(A) beats — Atrial Bigeminy
JPC 6 sequences of JPC & Normal
; ) ) Rule 12
(J) beats — Junctional Bigeminy
6 sequences of PVC & Normal Rule 15
beats — Ventricular Bigeminy
PVC 3 sequences of PVC & 2 Normal Rule 16
(V) beats — Ventricular Trigeminy
3 sequences of PVC beats Rule 17
— Ventricular Tachycardia
RBBB monotonic rhythm during a certain Rule 25
(R) period — RBBB Rhythm
LBBB monotonic rhythm during a certain
. Rule 26
(L) period — LBBB Rhythm
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+ Ventricular Bigeminy vthm °
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010203 040506070809101112 13141516 17 syndrome(2)
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Table 5. Classification performance by proposed fusion

algorithm
No. of | Rule-based |Rule&SVMrbased

Rhythm type rost ule-base ule ase

(Risk level) signals| TYpe | Ratio | Type | Ratio
Normal Sinus
Rhythm(1) 64 | 50 i 78.13| 61 | 95.31
Paced Rhythm(2) 10| 9 90.00[ 10 : 100.00
Sinus
Bradycardia(2) I @ 60.00 6 60.00

o, A7 SVM7|eke] §3 WS A 88ls A
+ 4 (12) 2 (13)e& Ao=E 5, (sensitivity) 2+ S,
(specificity) 25€ HIHF 2 832 100%% 95.31%9
A& Aes 47 2ot Ad9x oz v g5 100%
Zhugd e R AEH oM QEFE] 0%/ =, A7F
B2 05.31%7 HAoR AEHoEN &
7b €t ol RN whHRhE A 85191
g AE oA 100%2 fAA Zd AE A
TolA 17% A=rt 3 Aol

TP

S = TPrEN (12
TN

%= TNt FP =

714 TP(true positive) = B4 el5e] HIFZLZ,
TN(true negative)> % #l5°] H4o=2, FP(false
positive) = 3/ 2lgol BIFFC 2, FN(false negative)
2 vy gEe] AYeR BREEe AE £E vt

71E AN Ak Bsle] ¥F L /Y BRI FRE
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Table 6. Performance comparison of proposed and
previous works

Ventricular [Ventricular] qumal
method Tachycardia| Trigeminy Sinus bB
Rhythm
Ge 97.78% -| 93.20% |Own-Record
Ayesta/SPDR 94.60% -1100.00% | MIT-DB
é\;:zj/ xS 100.00% -1 100.00% |own-Record
Ayesta/ANN 91.20% -| 99.30% |Own-Record
MOLEC/Rhythm 54.00% | 94.00% | 96.00% | MIT-DB
MOLEC/Episode 97.95% | 95.00% | 67.35% | MIT-DB
Proposed 90.00% | 100.00% | 95.31% | MIT-DB
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