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FIR System design

1. Windows => TBW

2. Optimal filter design



Time Bandwidth Product
TBW is an approximation, but useful

M+1 is the length of the filter in time domain

w is the bandwidth of the filter in freq domain (both sides)

TBW = number of zero crossings in time domain



Example: Design a filter with BW = pi/4 (from -pi/8 to pi/8) 

<—->
pi/4

<—->
pi/4

<—->
pi/4

TBW = 2 TBW = 6 TBW = 10 



Same length in time domain => same transition

Fix M = 23, increase BW



Special case

TBW = 1: Time domain box, Freq domain sinc



System design

• All-pass

• Minimum phase

• Linear Phase





All pass system

Stable/causal



Minimum phase system

Flipping zero/pole outside unit 
circle increases group delay



Linear Phase

Can be decomposed into 
minimum phase and maximum phase



Linear Phase
M = (length-1) Symmetry Zero at w=0 Zero at w=pi

Type I even Symmetric No No

Type II odd Symmetric No Yes

Type III even Anti-
symmetric Yes Yes

Type IV odd Anti-
symmetric Yes No

Impulse
Response









Linear Phase
M = (length-1) Symmetry Zero at w=0 Zero at w=pi

Type I even Symmetric No No

Type II odd Symmetric No Yes

Type III even Anti-
symmetric Yes Yes

Type IV odd Anti-
symmetric Yes No














