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Abstract 

in this paper, a novel and effective algorithm for classification of important heart arrhythmia is presented. 

The proposed algorithm uses heart rate variation (HRV) signal which has better chaotic characteristics. In 

addition to commonly used linear time domain and frequency domain features, nonlinear (chaotic) features 

are examined, too. To increase classification accuracy and facilitate learning, two techniques are used: a) 

extracted features are reduced by generalized discriminant analysis (GDA) and b) by a self organizing map 

(SOM), the most informant data are selected. Chaotic features help to improve diagnosis accuracy from 

92% up to 97%. The results indicate the importance of GDA and SOM in efficiency of proposed algorithm. 

MLP, SVM and PNN classifiers are examined and compared. The proposed algorithm was able to diagnose 

7 arrhythmias PVC, AFL, AF, CHB, LBBB, VF, VT and normal sinus rhythm (NSR) with 97.4% accuracy. 

 

Keywords: Heart arrhythmia, Electrocardiography (ECG), Heart rate variability (HRV), neural networks, 

Support vector machines (SVM), self organizing maps (SOM), generalized discriminant analysis (GDA).  
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 �A���	 " 
�%�� " ��@ �c�%� W"% 9�*E� V��$� #�@ N?�
��� ��@ �%"� V��$� .��B N?�^*� �� M�� �'��	 
��  +���

��� ��@ �� u�>$��.  
  

2- �
"
 L	� 	 �/  
 +�< ��ECG  �� �����B �� �'��	 )�� % M�'��� ���17 

MIT-BIH ��� ��@ F��?$��]39 -38 .[ �� �����B )��
���	� ��$O	 " %����$�� ^��	 (� ��&�O�  ��� �% ,���	 +�

$�%� )��O8 �,./ �Q.*E �&T� 
�%��
*  " 
�./ +�<
���� ��� �$��� #<��H ���� +��� . 

MIT-BIH  P	�@48  9�����ECG  % R.$?	 ��H� ��
��� 4"�;$	 )��� . % �< 9����� )�� �� a��= �<30  ���/

 x��=�H�� " ��@ �$H�� �k� %&	 X?@ ��360Hz 
��&*� ��@ +��� ��� .  

 +��� ���� b�< �@ ���� �= %&I��*<7  R.$?	 [&�

H��� ,./ ��'�O . ��"�G h�= �< +���50  " + ��&*�
���/  +�< 9����� �� +�MIT-BIH ��� ��@ F��?$�� .

��&*� �8 ��@ 
O� %�= %��$E� ���  ��| �� h�= �< +�<
&@ �$H�� 4"�;$	 X?@ . 
*= ��H� ��O8 �= +%�&	 %

 �%"� ���� +��� ���� �&� &�&	 4�E��� (��� %
&*� ��O8��  9����� (� R.$?	 +���?� �� 
H�= +�<ECG 

��� ��@ ��;$�� .�� 4�>?�	 (� 9"�� %  (��� +�<
MIT-BIH ��� ��	� d��T8 )�� % ��@ ��;$��.  

 #�	 
*$�%� [&� �;< �'��	 )�� %18 AF� 19 VF  �     
20 PVC �21 LBBB �22  CHB �23 AFL  "24 VT  �'�G "

 
�./ 9�	�� #$�%25 NSR  �H�� ��<�&� %��/ 
�%�� %&	
 X�?�8 +��� R.$?	 h�= ��< P�Q�8 [&*e	 % �=

� �<�&� �% +�����B #$A�� S�&8 .  
 %�&*� % +�����B ~�� ��"% 
.= a����� �&.�

PQ@1 �---�� ��@ �� ���� . ��<��	 �= %&I��*---<

	  �� #$�%&�'� )�� ���=4 N�B N?�  +"% �� W���B

�9����� �>?�	 F��?$��  �<)�>?�	 P	�@  �
��	� +�<
����&@� " 
A��=�H (�>?�	 ��O8 N<�= �9����� ��  �<

) (��Q8 �� ��;$�� ��GDA (�� "  �<) �Q�@ �� ��;$�� ��
 ����	���&�SOM (���� " +%�*�� +���  �� ��;$�� �� �<

�Q�@  
�>E +�<)MLP  "PNN  "SVM ( ��@ P�Q�8
��� .� a��= �<�&.� )�� �  ��<�&� N?� )���| P	�@ �<

N?� )�� }�1&8 �� �= &� ����B #�<�&� �<. 

 
I���J u�&� �� �$��� ��@ 
O� �'��	 )�� %
&@ M=�*8 
�./ +��'����� . 
	 �u�&� )�� )��$*�	 �� �=

 a�� �% 
�./ +�< 9����� 
'�$=��H " ��&��&@� u�&� ��&8
�� ../ +�< 9����� �= #��� 
	 ��&��&@� +�<%�$H% ��	�*8 
�


	 ���� &� �� ��< . 9����� #����� �= ��� �� ,'�� ��	�
HRV  N��*� �� &� �� +�$��� 
I���J " 
�&@� u�&�

%�f� 
	 .���� 9&>G ��� �f'  ��< 
*$�%� �$�� +���
 9����� �� b&IO	 �% &� W���BHRV  �= �= #�<�&�

 9����� �� &�ECG 
	 P]�G &@ .�.G�	 �f'  %�= 9"� +
 9����� �%"� ����HRV  9����� ��ECG &� �<�&� .
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 xQ.{*= 
�����@ ���QRS  F&	 �� ,/�O$	 "R  a�j
 9����� �� ���*< +�<M�&� �= ���ECG ��&@ bfG 
.]� .

 9�����M�&� bfG ���ECG  ���� ��%f� ���	�$.�H ��
+%&�E)4 -20Hz (��� ��@ ��;$��.  

  
 B	�M1 :$��
"
 ��;+  2#�� .�/MIT-BIH �N�K� %�" �
 ��� �
�&��" 

class Record 
No 

ECG lead 
configuration 

Beats  
 

  
Rate 

  
Duration 

NSR 

100MLII, V5223970-89 30:06 
101 MLII, V1 1860 55-79 30:06 
103 MLII, V2 2082 62-92 30:06 
105 MLII, V1 2526 78-102 30:06 
112 MLII, V1 2537 74-91 30:06 
113 MLII, V1 1789 48-87 30:06 
121 MLII, V1 1861 55-83 30:06 
122 MLII, V5 2476 67-96 30:06 
123 MLII, V5 1515 41-65 30:06 

LBBB 
109 MLII, V1 2492 77-101 30:06 
111 MLII, V1 2123 64-82 30:06 
214 MLII, V1 2003 49-92 28:53 

VF 207 MLII, V1 472 143-358 2:24 

VT 
215 MLII, V1 164 174-177 1:02 
213 MLII, V1 220 110-117 1:04 
214 MLII, V1 256 126-150 1:05 

CHB 104 V5, V2 1380 70-78 26:13 
207 MLII, V1 105 57:90 2:28 

AF 

201 MLII, V1 198 56-149 10:06 
203 MLII, V1 2529 54-180 21:32 
210 MLII, V1 2420 63-158 21:30 
219 MLII, V2 2082 51-103 23:47 
221 MLII, V1 2031 47-110 29:17 
222 MLII, V1 208 69-163 3:45 

AFL 202 MLII, V1 19 121-143 0:48 
222 MLII, V1 412 133-148 7:03 

PVC 228 MLII, V1 362 50-88 5:48 
221 MLII, V1 396 69-92 5:04 

 
 
 
 

ECG Filtering(4-20[HZ])

QRS Detection

RR Interval Time Series

Time Domain Features

Frequency Domain Features

Chaotic Features

Dimension Reduction by 
GDA

Ignoring Non-informative 
Samples by SOM

Neural Network Classifier

Signal Preprocessing Feature Extraction Feature Reduction&Improv the Learning Signal Preprocessing

 
 PQ@1  +�����B W"% a����� �&.� 

  
  

�.G�	  xQ.{*= +���%�Q@� �+�O� +QRS  �� ��;$�� ��
)B #$�%&�'�-M��Q{	�826 ]22,21 [��� . �%"� ���� ���

 F&	R  xQ.{*= % �I�� (� ��$��QRS  �� )�*?8

	 &@ .�.��&� x{�  d.I	 %�/ #*�M=�	 �%"� ���� +
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26 M J. Pan and W. J. Tompkins 

 
��	� ��e�B 
� % 9�����
)120,280( �� QRSmsQRS  %���	R  xQ.{*= ��

QRS &@ 
	 F��?$�� . 9�����HRV  P]�&H �� ��;$�� ��
 F�&	� )���	 
��	�R  
'�&$	) P]�&HR-R (��� 
	 ���� . 

 PQ@)2 ( �%�*@ 9�����119  �� �����B ��MIT-BIH 
 ���*< ��HRV 
	 ���� �% �� �� ��@ F��?$�� �<.  

  
3- O/�I 	 P"7+��"  Q���<�) B��'(� �56�	

HRV :  
 9�����HRV  N��*� �� &� �� �% 
I� +�<%�$H% #<

 �% 
I���J +�<%�$H% #< " %�f� 
	) +�<%�$H% ��>?�	
�% ����&@� .( �� �'��	 )�� %7  ��	� ��&G 
I� 
�D�"

 9�����HRV �2 ��&G 
I� 
�D�"  " x��=�H +5  
�D�"
 9����� 
�&@� " 
I���JHRV ��;$�� ��� ��@ . U�?$��

 )��14  %��A� ��O8 ���	 �� �I� " 
O� h��� �� 
�D�"

�D�" +���  %�Q� �'&�" " 
A��=�H " 
��	� 
I� +�<

��� �&� 4j��	 ���� % �$H% . 4j��	 % 9����� 9&�
 )�� �� P�.T8 ��� �$@f� 4����T8"16  �8 ����132 

 ��� �&� 4"�;$	 ����1]15,14,13,12 .[� % �� %�= )�
 9����� 9&�)32=N (��.= P�.T8 ���  ��;$�� �<�$	�%�B +

��� ��@]4.[  
  
3-1- �56�	 �#��� �RS .�/HRV  

  9����-� ��	� + ��&G �$	�%�B �;<HRV     %�-= )-�� % �-=
�� ��8%��E ��� ��@ ��;$��]:14 [ "]15[  

 Mean  : P]�&H )�����	 �� �A8%��ER-R  9�����
HRV  .��� �= %&I��*< P]�&H ��O8 �@ �R-R )32=N( 

&� �<�&�. 

SD :��&G �� ��;$�� %&	 ��� �$	�%�B  b��T�� ��	� +
 P]�&H %��O	R-R &� �<�&� .  

Mean HR, SD HR : %��O	 b��T�� " )�����	 ��
 % ,���	 
��<�$	�%�B ��&�O� ��&8 
	 M�� ,./ 4�����1

 9����� P�.T8HRV &*� ��;$�� .  

RMS  :	�%�B 4�O��	 ���% ��;$�� %&	 ��� 
��	� �$
 P]�&H P1�;8R-R  ��� 
'�&$	  

PNN50  :�.]�H )$?�% #< ��  4�����1 )���	 
��	� +
+%�*�� �g=� �"�� yE�� ,./ 
	 
�./ +�< &@ .PNN50 

 9����� 
��	� P]�&H �� +%��O	HRV ��� . ���� ���

	 �� �%"�  a�*8 P1�;8 ��$�� �A���RR &$	 +�< �% 
'�

 �� �$*= ���� %���	 �= �% 
8�1�;8 ��O8 x{� " ����T	
ms50  ���)NN50 (  ��)1-N  (&@ #�A�8.  

)1( %100
1-N
5050 ��

NNPNN

 
FF :
8��� 
�)Mx (
���Z�B ")FF ( 
��	� +��

 9����� P�.T8 ��� �= ��$A< +%�	� +�<�$	�%�BHRV  ��

	 ��;$�� ���� &@ .N��� R�%�O8 )�� %  4�	 ��8&= +�<

HRV 
	 %��/ P�.T8 %&	 ����� .
�  ��A� 4%&>� 
8���
 
��	� +�� x���%�" �� 
��	� +�� x���%�" 9"� d$�	


	 ����T	 &@ .  
  

)2      ( 
x

M x �
�

�
� x]

x
x[ 2

12 �
�

�
� 

 4%&>� M�� 
���Z�B)3 (&@ 
	 R��O8    .  
)3(  

x

x
Mx
xMFF

�
�

�
�

x

x

�
�

��
�

�
� 

  
 

3-2- �56�	 ��<E .�/ .  B��'(� T#�I7CHRV:   
��&G +�<�$	�%�B �| ���    % +��&-	 +�-<�$	�%�B ���	� +

  )���-	 +������ 
����&8 ��	� ��$A< 
�./ +�< 9����� P�.T8
  �-�%��� 
�&� �� �% (�8�{*��%�B " (�8�{*� 4��&$T	]23 .[

 x��=�H % ��&8 R�� 
'��| �= ��� ��@ �$H��fB )��Z*<
 j�� +�<)0.15-0.4Hz (%�
*$�   +�-< ���$� �� S�8�	 +�<


	 %�Q@� �% 
A;�8 ��= . % ��&8 R�� 
'��| ��� b�� ��
x��=�H  )���B +�<)0.04-0.15Hz (  �-� S�8�	 +�< 
*$�%�

    �-�= 
-	 %�Q-@� �% (�8�{*� +�< ���$�]24,25.[  )-�� %
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27 Grassberger                                                   28Procaccia                                                     29Largest Lyapunov exponent 
30Rosenstein                                                      31 Approximate entropy                                                
 

 �� M�� �'��	LF )      +�-< x��-=�H % ��&-8 R-�� 
'�-�|
)���B ( "HF )   �&-8 R-�� 
'�-�|   j�-� +�-< x��-=�H % � (

 9����� x��=�H + ��&G +�< �>?�	 ��&�O�HRV  ��;$��
��� ��@.  

3-3- �56�	  B��'(� �#<'�<�) .�/HRV  
 ��&��&@� u�&� " 
���H �.O� �@ ���� �= %&I��*<

 +�< 9����� 
I���J "HRV��;$�� �    +�-<%��O	 �� �-��8 +
��&G     -< 9����-� )-�� P-�.T8 % x��=�H" ��	� +  
��%�-= �

�@� ��<�&?� 
����| . �� +��O8 +������ ��Q	� )��Z*<

*$�%�  ��Q	� ��&��&@� " 
I���J +�<�$	�%�B S�&8 S�H �<

��� ��fB . �� %�= )�� %5    �-�� 
�&-@� " 
I���J %��O	
 9����� P�.T8HRV     �-��� }�-1&8 �-� �= ��� ��@ ��;$��

����B #�<�&� . 

�'��!/ �=�: �--O� )�*?8    9����---� % 
�$A---�*<
  )-�� �� " �< 
	 �c�%� 
'�$=��H �O� �� 
��*?8 �
�&@� +�<
    
'�-*$G� 
-��*?8 9�-	 
���Z�B ��M�	 +��� +%��O	 ���

��� .  
�&-@� +�< 9����� 
�$A�*< �O� )�*?8 +��� �Z��
      ̀ ��-���� �-= �-�� 
-@"% h�-���� ��-�� 
	 
B % 27 "

����="�B 28 �c�%� ��� �� .% )�� #$�%&�'� �� W"G-P  %&��	
 ���)  �-�� +���-��B W"% )��8 d�&	 �&�=�8 W"% )�� (

]26.[  
 x��8�	 �A��� 
	 ��$�� W"% )�� %M  �e�� �% �kH�G

�= . +�<%��� �� %��/ #< %��= �� x��8�	 )��M-  �kH�G
   �-�� 
-	 �-� ��]27 .[    �
�$-A�*< �-O� )�-*?8 W"% %

 i��� )�� 
�$A�*< " i��8%�M- ������ �kH�G 
	 +��� &@ .
     % �% 
�$-A�*< 9��-�$�� 
$-A��� %�-= )�� �� a�e�� +���

 +�zHM- �= ����T	 �kH�G . 
�$A�*< 9���$��)(rCM 
    �-� 
��-	� +�-� �� %���" �= ��� 9�*$G� (� �� 
��*?8

 9&�M �.]�H �  �� �$*= +�r ��@�� �$@� ����*< �� . )�� %
�	 �� �'�3=M  "04/0=r  �� 
����	 +�< )�*?82D  ����

��� ��	�.  
 

U<#���(N .�# %�7�5��� 29:     a&-.O	 #$-A�� )���&-/ ���

�&�@ ��@��      &-�" �-<�*� ��-��T	 +��-� +�*$E� P��/ +�<
%� .  %&-	 �'�A	 ��@�� h�$� % 
��	� +�� S�H ��� ��	�

���Z�B %��A� �k� 	 �8
 &@ .#$�%&�'� ��= #<��H +���  
��<
  �� ��;$--�� �--� S--�H b&��--B��' +�--<�*� ��--��T	 �--�� %

W�8 �4����	�� W"% " a�e�� +%��A� +�<    
�&��-�&� +�-<
��� ��@ �����B M�� . W"% )-�� ,.J� �$�'�     +��-� S-�H �-<

   ��$---A< �---�$O	 �b&��---B��' +�---*� )��---$�%M� ��---��T	
]30,29,28,25.[  

��	 )�� % b&��B��' +�*� )��$�%M� ����T	 #$�%&�'� �� �'
)�$��"% S�&8 �=30 
	 ��;$�� ��@ �c�%�  ��]31 .[ ��$��

 +�<%��� �� i&��	 x��8�	M-  ���e8 ��� �kH�G

	 P�Q�8 ������H %�$���  &@]27 .[ +�<%���M-  �kH�G


	 9��� �% 
��<��A	 ��H �T;] %  �� 
����*< �= ���=

�����"  )��$�%M� ����T	 ��� #< �� (�M� +�<��A	


	 �� )�*?8 �b&��B��' +�*� &@. �� b&��B��' +�*� ���
 �� #< �� (�M� i��� ��@ %" ������ �@�� �$�%M� �;]

��� #$A�� �&� 
�&@������� �= ��� ��	� �@f� . +���

� �*� �� b&��B��' +�*� 
H�>8 �����H (�  P�	 �����


	 ��=]32[ . ����	 
�$A�*< �O� ����*<3=M  "04/0=r 
����T	 ��� �@ ��;$�� b&��B��' +�*� )��$�%M� + .

 +��� b&��B��' +�*� )��$�%M� �= ��� �=w �� a�j )��Z*<
 a�*8HRV  �� �� ��g	 +%���	 ���@ F��?$�� +�<


	 9����� 
�&@� �.>� ������ �= ���  +�<HRV ��� . 

  
 V�7K� ��	7�#))APEn(31 : �� +%��O	 ,���8 
B"�$��


� �� 
���H 
	 %��/ �	 %��$�� % �% 9����� 
*k� �< .
 `%M� ����	APEn 
�  ����	 " 9����� +j�� 
*k�

(|&= ����= ���� �� �8 ��� 9����� #k� +. ,���8 
B"�$��

	 R��O8 
*$�%��' 9�*$G� 4%&] ��  �� % �= &@

�� +�<&�'� � (�M� �= +��A���	 +��� ���%� %��/ #< �  +

	 
/�� (�M� #< ��� ��$�%M� +&�'� (� �� +�O� ����	 .

 )�������APEn  
�*= +��� ������ (� �@ �$;� �= ��&���*<

	 ���� �% #k� ��  ��$��� 
�&���B ��.��/ " #k� �= ��=
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32 Spectral entropy 

 ��@ #=APEn  xQO'�� " �@� �<�&� 9��� �� �%
]34,33 .[B"�$�� +��� +�<�$	�%�B %���	 ,���8 
M  "r  ��

 ,�8�82  "0.2SD 
	 �� %��/ ��&@ .  
  

Y(Z ��	7�#)32 : P]�&H 
���H R�� 
B"�$��R-R  �%
��&G % 
	 X?�	 x��=�H + ��= .
	 R�� 
B"�$��  ���&8

�%��% 
��O	�� ��M�	 +��� +%��O	 ��&�O�  % �<���"% +
 x��=�Hf &@ ��A;8 .���� #$�%&�'�  R�� 
B"�$�� �%"�

 4"�;8 
*= �� ��	� ��� ,���8 
B"�$�� ����	]35,34 .[
 ����	m  "r  
B"�$�� ����	 R�� 
B"�$�� + ����T	 ���

��� ��@ �$H�� �k� % ,���8 .  
  

 ����#"<� �"
<#SD1/SD2 : (��Q8 (� �%�Q��&B %�&*�
 �O��� 
�&� �� �= ��� 
I���J (�	��� �� �$H����

4����&� 
	 R�]&8 �% 
��	� +�� ��= . �< %�&*� )�� %

	 #�% &� 
.�/ ����	 ,AG�� 
��	� +�� ���% &@ .

9����� �� P]�G 
��	� +�� %&	 %  %�&*� 
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