
ECE 4213/5213 

MODULE 10 

 

Index 

1. Digital FIR Filter Design: Intro and Order Estimation ........................10.1 – 10.3 

2. Windowed FIR Filter Design Method .................................................10.4 – 10.13 

3. Windowed FIR Filter Design Example ................................................10.15 – 10.16 

4. More on FIR Window Design (Verification, MMSE, Other Types) .....10.17 – 10.18 

5. Kaiser Window Design .......................................................................10.19 – 10.20 

6. FIR Filter Design by Frequency Sampling ...........................................10.21 – 10.22 

7. Impulse Invariant FIR Filter Design ....................................................10.23 

8. Parks-McClellan Algorithm for Linear Phase FIR Filter Design ..........10.24 

  





























Common Window Functions for FIR filter design:

Rectangular: w[n] = 1, −M ≤ n ≤ M,

Hann: w[n] =
1

2

[

1 + cos
(πn

M

)]

, −M ≤ n ≤ M,

Hamming: w[n] = 0.54 + 0.46 cos
(πn

M

)

, −M ≤ n ≤ M,

Blackman: w[n] = 0.42 + 0.5 cos
(πn

M

)

+ 0.08 cos

(

2πn

M

)

, −M ≤ n ≤ M.

Main Properties of the Window Functions:

Type of Main Lobe Relative Sidelobe Minimum Stopband Transition

Window Width ∆ML Level Asℓ Attenuation Bandwidth ∆ω

Rectangular 4π/(2M + 1) 13.3 dB 20.9 dB 0.92π/M

Hann 8π/(2M + 1) 31.5 dB 43.9 dB 3.11π/M

Hamming 8π/(2M + 1) 42.7 dB 54.5 dB 3.32π/M

Blackman 12π/(2M + 1) 58.1 dB 75.3 dB 5.56π/M

Design Steps:

1. Convert the minimum stopband attenuation spec δs to dB using the formula αs = −20 log
10
δs.

2. Look in column 4 (Minimum Stopband Attenuation) of the table above to determine which
window functions can provide at least αs dB of stopband attenuation.

3. Let ∆ω = ωs−ωp. Use the last column of the table to figure out which window function w[n]
can meet the stopband spec with the smallest value M .

- To do this, set ∆ω equal to the formula in the last column of the table and solve for M .
M must be an integer and you must always round up. For example, 2.001 means M = 3.

- The order of your filter will be 2M .

- The length of h[n] will be 2M + 1.

4. Let ωc =
ωp + ωs

2
.

5. Let hLP [n] =
sin (ωcn)

πn
.

6. For the window function w[n] that meets the stopband spec with the smallest M , compute
the “centered” impulse response h1[n] = w[n]hLP [n], −M ≤ n ≤ M .

7. Shift it right by M to make it causal: h[n] = h1[n−M ] = w[n−M ]hLP [n−M ], 0 ≤ n ≤ 2M .
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