
Filter Design

• Application 

– FIR filter design

– Spectral analysis

• Properties 

– Simple functional form

• Computation

– Spectra are concentrated around zero frequency
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Filter Design

• Spectra  
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Filter Design

• Summary of windows

• Cost of lower sidelobe level: wider mainlobe
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Filter Design

• Phase issue

– Window symmetry around M/2

– and
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Filter Design

– Symmetric impulse response

– Then

– Antisymmetric impulse response

– Even/odd real function
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Filter Design

• Example: linear phase LPF
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Filter Design

– We obtain:

– With the following symmetry property– With the following symmetry property

– To obtain a linear phase system
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Filter Design

• Illustration 
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Filter Design

• Comparison 
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Filter Design

• Wider mainlobe: wider transition time

• Smaller sidelobe level: lower ripple in 

stopband

• Given filter specification: choosing the proper • Given filter specification: choosing the proper 

window and its parameters

– Try and error!

– Kaiser method: a systematic way
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Filter Design

• Kaiser: a near-optimal window

– For a given length, having the narrowest mainlobe

and the lowest possible sidelob level

– Maximally concentrated around zero frequency– Maximally concentrated around zero frequency
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Filter Design

• Parameters: 

– length/shape

– Trade between sidelobe/mainlobe

– Higher beta leads to lower sidelobe level– Higher beta leads to lower sidelobe level

• Fixed length

– Higher M leads to narrower mainlobe

• Fixed beta
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Filter Design

• Time domain
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Filter Design

• Frequency 
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Filter Design

• Frequency 
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Filter Design

• Useful formula to meet a given specification

– Obtained via extensive numerical examples

– Passband

– Stopband

– Transition time
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Filter Design

– Define

– Then,

• The zero value: rectangular window

– Smaller delta: larger A which means larger beta 
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Filter Design

• Also, for the length of the filter

– Approximate value: 2– Approximate value: 2

– Larger window: narrower mainlobe which means 

shorter transition time
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Filter Design

• Example:

– Specification

– Note that – Note that 

– Kaiser parameters 
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Filter Design

– Using the mentioned expressions:

– therefore.,– therefore.,
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Filter Design

• Impulse response
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Filter Design

• Designed frequency response
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Filter Design

• Error in frequency domain
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Filter Design

• Note that the error id given by

– The phase will be linear!
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Filter Design

• High pass filter

– and– and

– with
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