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REMINDER 1: How to Represent a 
Filter
 Finite Impulse Response (FIR)

 Impulse Response 

 Filter Kernel

 Step Response

 Frequency Response

 Infinite Impulse Response (IIR)

 Recursion Coefficient
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REMINDER 2: Time Domain 
Parameters



REMINDER 3: Frequency Domain 
Parameters



REMINDER 4: Most Common Filter 
Types 



REMINDER 5: Converting Low Pass 
to High Pass
 Spectral Inversion

 Steps Done to IR:
 Change sign of each sample
 Add one to the center sample

 Conditions:
 Original Filter is symmetric (Linear 

Phase)
 The one must be added in the center

 Reason for Conditions:
 To make the low frequency phases 

from the low pass and all pass filters 
the same



REMINDER 6: Converting Low Pass 
to High Pass
 Spectral Reversal

 Steps Done to IR:

 Change sign of every other 
sample

 Why is it working?:

 Multiplication with a sign of 
frequency of 0.5



Filter Equation

n0 Meaning

>0 Noncausal. Output at time j depends on input AFTER j only with 
skip

0 Noncausal. Output at time j depends on input AFTER j only

-(M-1)/2 Noncausal. Output at time j depends on M/2 points BEFORE j and 
M/2 points after it

-(M-1) Causal. Output at time j depends on M points BEFORE and at j 

<-(M-1) Causal with delay
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Numeric Example
 x[n]=[1,2,3,4,5,4,3,2,1] , M=3, n0=-1

 y[n]=[1,2,3,4,4.33,4,3,2,1]
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Calculating Moving Average



Using Convolution
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n0 Range of j

>0 -M+1-n0:-n0

0 -M+1:0

-(M-1)/2 -M/2:(M-1)/2

-(M-1) 0:M-1

<-(M-1) n0:n0+M-1



What is it useful for?

OPTIMAL for white noise reduction
while keeping the sharpest step response



Frequency Response



Moving Average Relatives



Moving average vs. its relatives
 Frequency domain

 Moving average filters have worst stopband attenuation.

 Time Domain
 Moving average give equal weight to all samples. Others taper 

near edges.
 Moving average has sharpest step response but least smooth

one.

 Speed
 Moving average is the fastest and using recursive

implementation it is the FASTEST digital filter at all.



Recursive implementation



Recursive Implementation


