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FrequencyFrequency--domain domain FilteringFiltering

forfor RemovalRemoval of of ArtifactsArtifacts
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Contents

• Frequency-domain filters
• Applications:

– Removal of artifacts in the ECG
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FrequencyFrequency--domain domain filtersfilters

•• RemovalRemoval of HF of HF noisenoise: : ButterworthButterworth LPFLPF
•• RemovalRemoval of LF of LF noisenoise: : ButterworthButterworth HPFHPF
•• RemovalRemoval of of periodicperiodic artifactsartifacts: : NotchNotch andand

combcomb filtersfilters
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Problem:Problem:

•• ProposePropose a a frequencyfrequency--domain domain techniquetechnique toto
removeremove HF HF noisenoise withwith minimal minimal lossloss of of 
signalsignal componentscomponents in in thethe specifiedspecified passpass--
bandband..
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SolutionSolution

•• ButterworthButterworth lowpasslowpass filtersfilters
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ButterworthButterworth lowpasslowpass filterfilter

fc = 40 Hz
fs = 200 Hz
N = 4
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ButterworthButterworth lowpasslowpass filterfilter

N = 8
Butterworth LP filter
fc = 70 Hz
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HighpassHighpass filterfilter

8th order Butterworth
fc = 2 Hz

3-point central difference operator

Original ECG
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NotchNotch FilterFilter
fo = 60 Hz
fs = 1000 Hz
wo = +/- (60/1000) 2pi

= +/- 0.377 radians = 
= +/- 21.6 degrees

Zero locations cos(wo)+jsin(wo)
z1 = .92977 + j.36812
z2 = .92977 - j.36812

60 Hz

-60 Hz

0 or 1KHz500 or -500 Hz

250 Hz

750 or -250 Hz

Dr. BDr. Büülent Ylent Yıılmazlmaz BME402: BME402: BiomedicalBiomedical SignalSignal ProcessingProcessing--IIII 1010

60 Hz 60 Hz interferenceinterference
Signal w/ 60Hz noise Noise removed w/ notch filter
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CombComb FiltersFilters

http://www.mathworks.com/company/newsletters/digest/september99/spttool/

Google’da comb filter matlab yazin.


