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Negative effect: 
PAA itself may change distance orders.

Positive effect:
PAA exploits the noise averaging effect.
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distorted time-series PAA features

�����
 �� �
�#�����
� �"��
������# 
��%#� $� �������� $
��
 �
���
����$�
$' �8F�

�8F�� !$*���
� !�� � �
�����# �
$	#�� �� �
���
���� �
������ (!� �
$	#�� �� �!��
*!��� �$��� ��� 	� ����#� 
��$��� 	� �!� *���#�� ,#��
 �<� 00 � 5"���#� 0�� �!$*� !$*
*� ��� 
��$�� �!� *!��� �$��� '
$� �!� ����$
��� ����.��
����


0#*�%! /�'� �
 ����	
 /� �
 �	�� �����	� �
 �	���
�� ���
��
	�
� � �� �� "� ����
�
��H �� ����
 
���
 $
 ��

 �
	��	� ��
 ����	
�
 ���
�
� �	�
���	� 0%$+1� �
 �� �
�
�
� ���
�
� ��
Æ��

�� �	�� �� +�	���� %$+� ���� 


	�� �� ��
�

�	��
� �
 ��
 �	��
�
� ��
Æ��

�� $
 

,� ���
	 �
�� 


	�� ��
Æ��

��2 ��	
 ��
��������� �
 ���
	 ��

��
Æ��

�� ����
 �"�����
 ����
� �	
 �
�� ���
 � �00 � $
 �
���� 	
���
	 ��
 ���
��
	�
�
��	���� ��
 �
�
	�
 %$+ �� � 	
����� ��
 	
���
	
� ���
��
	�
� �� ��� �
�� +�?H ��
����
 
���
 �� �
�
� ���� ��
 �
�
	���
�� �� ���
����
��� 	
���
� �	�� ��H �@ 	�������
�� +�?H �@ 	������� "� ��
 ���
�
� ���
	 

�7 '(" 4/ �(48 '�* /	� (") �((, 2(3 ! $/ 9�5: &%, $� ) 	"%*/*"# ;!$ ,/ 9��:� .%, /*-0!*'*$1� 2 4/ $� 
�((, 2(3 ! $ *" $�*/ 0(0 ,�

�� & , $% �4, ��,*"< 9=: &%, $� ) $(*! ) ) 	"%*/*"# - $�%)�



���� ��	
� ��
�� ��	�� ��� ��� ��	�� �

�

G�)�*���� �!� %���
������� ����� �!� *!��� �$��� ��� 	� 
��$��� 	� �!� *���#�� ,#��
� ���
*� ��� ��� �!�� �
����� �� �$� *�## �
���
��� �� �8F��

original time-series

distorted time-series
wavelet coefficients

filtered wavelet coefficients
recovered time-series

(2) DWT

(3) inverse DWT

(1) randomization (4) filtering

Most energy is here.
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(a)  Distance order preservation of WAVE.
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Most noise is concentrated on here.

(b)  Noise concentration in WAVE
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(1) DWT

(3) inverse DWT⊕
(4) addition
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distorted time-series

1{ , , }d d d

nX x x= …

(2) making noise coefficients
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(1) division

(3) inverse DWT & concatenation
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