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Noise−free ECG signal
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Noisy signal
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Ensemble−averaged signal
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Ideal signal estimate
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Signal estimate (original filter)
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Improved signal estimate (fixed−window filter)

=/#+F =�,�F
|~�� 
)'0�# � ÊHb:�8<5)!7Y;L��#+3Í?BA-�ECEDÝ#+�Z���8<4;�����.
�h)'���8�! T���8<`#�]c,/0�#%(*)!#%�'$�\6t'7^��#�0��8�' '¹ µ ¯ ý ¨ð¾ � Q
ÆJIpk¤�*)'<HSU#�0V.
,�SU#%;����¨�Q�Ï
eN=c;1F2fE&!#5)'�'3�#�0�7�\*���! P�!.
�Y��#�]_,/0�#%#H��CED ���� 
�';
7¤��."SU#N#+�Z���8<4;���#%3�e`=@S
F � �����! 
7�#H�!.1����\90�#%$�.10�3�eN=c$%F2�­�'��#�<5S!78#;KJ
#�0�;� 1#E.�,�Q�ÏV�'.
�Y��\N0�#+$�.10�3!�%e�=c3'F­�ECEDü���� 
�';
7'#+�Z���8<4;L��#-S';1��#+3`.
�`��&'#B�Y3�#%;
7
fl|Rt'78��#�0�eE=/#+F�b:�� 
�';
7!#%������<4;L��#BS';1��#+3.
�P��&!#G.10��� 
���';
7�fl|Ít'7^��#�0-q'0�.1q
.*��#+3"����n M o e-=�,�F-b:�� 
�';
7�#%������<`;���#GS';1��#+3".1�"��&!#G��<Nq'0�.LJ1#%34t'�:#+3:]{jl�8�'3!.Ljrfl|Ít
7^��#�0+e

�



0 50 100 150 200 250 300
−0.08

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

Time (ms)

E
rr

or
 a

m
pl

itu
de

 (
m

V
)

Ideal estimate
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Ensemble−average estimate

=@;*F =/S
F

0 50 100 150 200 250 300
−0.08

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

Time (ms)

E
rr

or
 a

m
pl

itu
de

 (
m

V
)

Estimate based on the original TF filter in [2]
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Estimate based on the improved fixed−window TF filter
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